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SECTION I 

GENERAL APPROACH TO HISTORY 
AND EXAMINATION 



GENERAL APPROACH TO HISTORY AND EXAMINATION 

NERVOUS SYSTEM - HISTORY 

An accurate description of the patient's neurological symptoms is an important aid in 
establishing the diagnosis; but this must be taken in conjunction with information from 
other systems, previous medical history, family and social history and current medication. 
Often the patient's history requires confirmation from a relative or friend. 

The following outline indicates the relevant information to obtain for each symptom, 
although some may require further clarification. 

Onset Frequency 
(sudden, 
gradual) 

HEADACHE 
Timing (aching, throbbing) 
(e.g. morning) 

Precipitating factors Relieving factors Associated features 
(stooping, coughing) (analgesics) (vomiting, visual disturbance) 

IMPAIRMENT Onelboth eyes y ;;"d/y;(gy;:; ;;;; 
DlPLOPlA - Gaze direction where maximal 

HALLUCINATIONS - Field involved 
Precipitating factors Formed, e.g. images (real) 

Unformed, e.g. shapes or 
zig-zags 

TONGUE BITING 
INCONTINENCE 
LIMB TWITCHING 

- ALCOHOUDRUG ABUSE 

Precipitating factors CARDIOVASCULAR or HEAD INJURY 
RESPIRATORY 
symptoms 



GENERAL APPROACH TO HISTORY AND EXAMINATION 

NERVOUS SYSTEM - HISTORY 

Onset Frequency Duration Difficulty in ARTICULATION 

Difficulty in EXPRESSION 

Difficulty in UNDERSTANDING 

Onset Frequency Duration LACK OF CO-ORDINATION - Balance 

WEAKNESS - Progression 

MOTOR DISORDER 
Clumsiness 
Difficulty in walking 
and leg stiffness 

precipitating factors Relieving f a c t o r s 1  MOVEMENT 
(e.g. walking) (e.g. rest) 

Onset Frequency Duration 

PA1 N 

NUMBNESSTTINGLING 

Precipitating factors ' Relieving factors 
I (e.g. walking, neck movement) (e.g. rest) 

Onset Frequency Duration 

INCONTINENCE 
SPHINCTER Difficulty ' 
DISORDER in 'ONTRoL \ RETENTION 

Bladder 

Onset Frequency Duration DEAFNESS/TINNITUS - unilbilateral 
VERTIGO - rotation of surroundings 
BALANCEISTAGGERING - direction 

LOWER CRANIAL SWALLOWING difficulty 
VOICE change 

Precipitating factors (e.g. neck movement, head position) 

Onset Frequency Duration 

- deterioration 

MENTAL DISORDER 
BEHAVIOUR - change 



GENERAL APPROACH TO HISTORY AND EXAMINATION 

NERVOUS SYSTEM - EXAMINATION 

Neurological disease may produce systemic signs and systemic disease may affect the 
nervous system. A complete general examination must therefore accompany that of the 
central nervous system. In particular, note the following: 

Temperature Evidence of weight loss Septic source, e.g. teeth, ears, 
Blood pressure Breast lumps Skin marks, e.g. rashes 
Neck stiffness Lymphadenopathy cafe-au-lait spots 
Pulse irregularity Hepatic and splenic angiomata 
Carotid bruit enlargement Anterior fontanelle 
Cardiac murmurs Prostatic irregularity in baby 

Head circumference 
Cyanosis/respiratory insufficiency 

CNS examination is described systematically from the head downwards and includes: 

Conscious level and 
higher cerebral function 
Cognitive skills 
Memory 
Reasoning I Motor 

( wastina 
Emotional states 

system power 

pain 

Sensory touch 
temperature system proprioception 
stereognosis 

Reflexes 
Co-ordination 

Sensation 

I 
system 

power 
Lower 
limbs pain 

proprioception 

Reflexes Alternatively the examiner may 
Co-ordination prefer to work through individual 

systems for the whole body, e.g. 
motor system, sensory system. 



GENERAL APPROACH TO HISTORY AND EXAMINATION 

EXAMINATION - CONSCIOUS LEVEL ASSESSMENT 

A wide variety of systemic and intracranial problems produce depression of conscious level. 
Accurate assessment and recording are essential to determine deterioration or improvement 
in a patient's condition. In 1974 Teasdale and Jennett, in Glasgow, developed a system for 
conscious level assessment. They discarded vague terms such as stupor, semicoma and 
deep coma, and described conscious level in terms of EYE opening, 

VERBAL response and 
MOTOR response. 

The Glasgow coma scale is now used widely in Britain and in many centres throughout 
the world. Recording is consistent irrespective of the status of the observer and can be 
carried out just as reliably by nurse as by neurosurgeon. 

EYE OPENING - 4 categories 

(i) Spontaneous 

speech (iii) To None 

Supraorbital nerve or 
finger nail pressure 

VERBAL RESPONSE - 5 categories 
(i) Orientated - Knows place, e.g. Royal Free Hospital 

apd time, e.g. day, month and year 
(ii) Confused - Talking in sentences but disorientated in time and place 
(iii) Words - Utters occasional words rather than sentences 
(iv) Sounds - Groans or grunts, but no words 
(v) None 



1 GENERAL APPROACH TO HISTORY AND EXAMINATION 

EXAMINATION - CONSCIOUS LEVEL ASSESSMENT 

MOTOR RESPONSE - 5 categories 
(i) Obeys commands 

'Hold up your arms' 

Pain (Supraorbital pressure) 
(ii) Localising to pain 

Apply a painful stimulus to the supraorbital 
nerve, e.g. rub thumb nail in the supraorbital 
groove, increasing pressure until a response is 
obtained. If the patient responds by bringing 
the hand up beyond the chin = 'localising to 
pain'. (Pressure to nail beds or sternum at this 
stage may not differentiate 'localising' from 
'flexing'.) 

(iii) Flexing to pain 
Pain (Nailbed pressure) 

If the patient does not localise to supraorbital 
pressure, apply pressure with a pen or hard object 
to the nail bed. Record elbow flexion as 'flexing to 
pain'. Spastic wrist flexion may or may not 
accompany this response. 

(iv) Extending to pain 
If in response to the same stimulus elbow 
extension occurs, record as 'extending to 
pain'. This is always accompanied by spastic 1 ~ 1  
flexion of the wrist. 

(v) None 
Before recording a patient at this level, ensure that the painful stimulus is adequate. 

During examination the motor response may vary. Supraorbital pain may produce an 
extension response, whereas finger nail pressure produces flexion. Alternatively one 
arm may localise to pain; the other may flex. When this occurs record the best response 
during the period of examination (this correlates best with final outcome). For the 
purpose of conscious level assessment use only the arm response. Leg response to pain 
gives less consistent results, often producing movements arising from spinal rather than 

6 cerebral origin. 



GENERAL APPROACH TO HISTORY AND EXAMINATION 

EXAMINATION - HIGHER CEREBRAL FUNCTION 

COGNITIVE SKILL 

Dominant 
hemisphere disorders 

Non-dominant 
hemisphere disorders 

Listen to language pattern - hesitant 
- fluent 

Does the patient understand simple/complex 
spoken commands? 
e.g. 'Hold up both arms, touch the right ear 

with the left fifth finger.' 

Ask the patient to name objects. 

Does the patient read correctly? 

Does the patient write correctly? 

Ask the patient to perform a numerical calculation, 
e.g. serial 7 test, where 7 is subtracted serially from 
100. 

Can the patient recognise objects? e.g. ask patient 
to select an object from a group. 

Expressive dysphasia 
Receptive dysphasia 

Receptive dysphasia 

Nominal dysphasia 

Dyslexia 

Dy sgraphia 

Dy scalculia 

Agnosia 

Note patient's ability to find his way around the 
ward or his home. 

Can the patient dress himself? 

Geographical agnosia 

Dressing apraxia 

Note the patient's ability to copy a geometric pattern, Constructional apraxia 
e.g. ask patient to form a star with matches or copy a 
drawing of a cube. 



GENERAL APPROACH TO HISTORY AND EXAMINATION 

EXAMINATION - HIGHER CEREBRAL FUNCTION 

MEMORY TEST 
Testing requires alertness and is not possible in a confused or dysphasic patient. 
IMMEDIATE memory - Digit span - ask patient to repeat a sequence of 5, 6 or 7 

random numbers. 
RECENT memory - Ask patient to describe present illness, duration of hospital stay 

or recent events in the news. 
REMOTE memory - Ask about events and circumstances occurring more than 5 

years previously. 
VERBAL memory - Ask patient to remember a sentence or a short story and test 

after 15 minutes. 
VISUAL memory - Ask patient to remember objects on a tray and test after 15 

minutes. 

I 
Note: Retrograde amnesia - loss of memory of events leading up to a brain injury or 

insult. 
Post-traumatic amnesia - permanent loss of memory of events for a period 

following a head injury. 

REASONING AND PROBLEM SOLVING 
Test patient with two-step calculations, e.g. 'I wish to buy 12 articles at 7 pence each. 
How much change will I receive from El?' 

Ask patient to reverse 3 or 4 random numbers. 
Ask patient to explain proverbs. 
Ask patient to sort cards into suits. 
The examiner must compare patient's present reasoning ability with expected abilities 

based on job history and/or school work. 

EMOTIONAL STATE 
Note: Anxiety or excitement 

Depression or apathy 
Emotional behaviour 
Uninhibited behaviour 
Slowness of movement or responses 
Personality type or change. 



GENERAL APPROACH TO HISTORY AND EXAMINATION 

CRANIAL NERVE EXAMINATION 

OLFACTORY NERVE (I) 
Test both perception and identification using 
aromatic non-irritant materials that avoid 
stimulation of trigeminal nerve fibres in the 
nasal mucosa, e.g. soap, tobacco. 

One nostril is closed while the patient sniffs 
with the other. 

OPTIC NERVE (11) 

,light? 
severe deficit - Can patient see - movement? 

Visual acuity / Can patient count fingers? ' mild deficit - Record reading acuity with wall or hand chart. 

N . B .  Refractive error (i.e. inadequate 
focussing on the retina, e.g. hyper- 
metropia, myopia) can be overcome by 
testing reading acuity through a pin- 
hole. This concentrates a thin beam of 
vision on the macula. 

Jaeger type card for near vision, 
labelled according to size 
IN5 (smallest print) 
- N48 (largest print)]. 

Visual acuity is 
expressed as: 
d - 
D 

6 - 
e.g. 12 

' Distances (Dl at which 
patient is expected to 
read letters (metres) Test each eye separately. 



GENERAL APPROACH TO HISTORY AND EXAM INATION 

CRANIAL NERVE EXAMINATION 

Visual fields 
1. Gross testing by CONFRONTATION. 
Compare the patient's fields of vision by 
advancing a moving finger or, more accurately, 
a red 5 mm pin from the extreme periphery 
towards the fixation point. This maps out 'cone' 
vision. A 2 mrn pin will define central field 
defects which may only manifest as a loss of 
colour perception. 

In the temporal portion of the visual field the 
physiological blind spot may be detected. A 
3 mm object should disappear here. 

The  patient must fixate on the examiner's 
pupil. 

2. Peripheral visual fields are more sensitive to a moving target and are tested with a 
GOLDMANN PERIMETER. 
The  patient fixes on a central point. A point of light is moved centrally from the extreme 
periphery. The  position at which the patient observes the target is marked on a chart. 
Repeated testing from multiple directions provides an accurate record of visual fields. 

3. Central fields are charted with either a Goldmann perimeter using a small light source 
of lesser intensity or a TANGENT (BJERRUM) SCREEN. The  HUMPHREY FIELD ANALYSER 
provides an alternative and particularly sensitive method of testing central fields. This 
records the threshold at which the patient observes a static light source of increasing 

10 intensity. 



. GENERAL APPROACH TO HISTORY AND EXAMINATION 

CRANIAL NERVE EXAMINATION 

t Optic fundus (Ophthalmoscopy) 
Ask the patient to fixate on a distant object away from any bright light. Use the right eye 
to examine the patient's right eye and the left eye to examine the patient's left eye. 

Note clarity of Adjust the ophthalmoscope lens until the retinal 
the disc edge vessels are in focus and trace these back to the 

- _ -, optic disc --- 
r 

Ask the patient to look at the light 
\ of the ophthalmoscope. This brings 

\\ the macula into view 
L . . 

Look for ' Note width of blood vessels and look for 
haemorrhages or \. 

'\ arteriovenous nipping at cross-over points. 
white ~ a t c h e s  of 

I exudate 

If small pupil size prevents fundal examination, then dilate pupil with homatropine. 
This is contraindicated if either an acute expanding lesion or glaucoma is suspected. 

Pupils 
Note: Size 

Shape 
Equality 
Reaction to light: both pupils constrict when light is shone in either eye 
Reaction to accommodation and convergence: pupil constriction occurs when gaze is 
transferred to a near point object. 

A lesion of the optic nerve will abolish I When light is shone in the normal 
pupillary response to light on the same side I eye, it and the contralateral pupil will 
as  well as  in the contra-lateral eye. I constrict. 



GENERAL APPROACH TO HISTORY AND EXAMINATION 

CRANIAL NERVE EXAMINATION 

OCULOMOTOR (111), TROCHLEAR (IV) AND ABDUCENS (VI) NERVES 
A lesion of the 111 nerve produces impairment of eye and lid movement as well as 
disturbance of pupillary response. 
Pupil: The pupil dilates and becomes 'fixed' to light. 

Shine torch in affected eye - contralateral I When light is shone into the normal 
pupil constricts (its Ill nerve intact). Absent I eye, only the pupil on that side constricts. 
or impaired response in illuminated eye. 

I 

Ptosis: Ptosis is present if the eyelid droops 
over the pupil when the eyes are fully open. 
Since the levator palpebrae muscle contains 
both skeletal and smooth muscle, ptosis signifies n n 
either a I11 nerve palsy or a sympathetic lesion 
and is more prominent with the former. 

Ocular movement 
Steady the patient's head and ask him to follow 
an object held at arm's length. Observe the full 
range of horizontal and vertical eye movements. 

Note any malalignment or limitation of range. 
Examine eye movements in the six different 

directions of gaze representing maximal individual 
muscle strength. 

Looking up and out Looking up and in 
superior rectus inferior oblique 

Lateral Medial 
movement lateral - @ 

medial movement 
(abduction) rectus rectus (adduction) 

J 
Looking down and out Looking down and in 
inferior rectus superior oblique 



GENERAL APPROACH TO HISTORY AND EXAMINATION 

CRANIAL NERVE EXAMINATION 

Question patient about diplopia; the patient is more likely to notice this before the 
examiner can detect impairment of eye movement. If present: 
- note the direction of maximum displacement of the images and 
determine the pair of muscles involved 
- identify the source of the outer image (from the defective 
eye) using a transparent coloured lens. 

diplopia is maximal when eyes deviate 
to the right and downwards 

Weak 

Right / Left Left I V  nerve 
inferior rectus or superior oblique -1 palsy 

A pair of glasses with different coloured lenses 
show outer image arising from left eye 

Conjugate movement: Note the ability of the eyes to move together (conjugately) in 
horizontal or vertical direction or tendency for gaze to fix in one particular direction. 

Nystagmus: This is an upset in the normal balance of eye control. A slow drift in one 
direction is followed by a fast corrective movement. Nystagmus is maximal when the eyes 
are turned in the direction of the fast phase. Nystagmus 'direction' is usually described in 
terms of the fast phase and may be horizontal or vertical. Test as for other eye movements, 
but remember that 'physiological' nystagmus can occur when the eyes deviate to the 
endpoint of gaze. 

direction (fast phase) 
/ 

Note \ gaze direction where 
nystagmus is maximal 

Slow Fast Slow Fast 

e.g. Nystagmus to the left maximal on left lateral gaze. 



GENERAL APPROACH TO HISTORY AND EXAMINATION 

CRANIAL NERVE EXAMINATION 

TRIGEMINAL NERVE (V) 

Test pain (pin prick) sensation 

Compare each side. 
Map out the sensory deficit, 
testing from the abnormal 
to the normal region. 

Does distribution involve 
- a root pattern? 
- or a brain stem 'onion skin' pattern? 

Corneal reflex 
Test corneal sensation by touching 
with wisp of wet cotton wool. A blink 
response should occur bilaterally. 

Afferent route - ophthalmic division V 
(light touch - main sen 

Efferent route - facial nerve VII 
This test is the most sensitive indicator 

of trigeminal nerve damage. 

sory nucleus 

Motor examination 
Observe for wasting and thinning of temporalis muscle - 'hollowing out' the temporalis 
fossa. 

Ask the patient to clamp jaws together. Feel temporalis and masseter muscles. Attempt 
to open patient's jaws by applying pressure to chin. Ask patient to open mouth. If 
pterygoid muscles are weak the jaw will deviate to the weak side, being pushed over by the 
unopposed pterygoid muscles of the good side. 



GENERAL APPROACH TO HISTORY AND EXAMINATION 

CRANIAL NERVE EXAMINATION 

TRIGEMINAL NERVE (V) (contd) 
~ a w  jerk 
Ask patient to relax jaw. Place finger 
on the chin and tap with hammer: 
Slight jerk - normal 
Increased jerk - bilateral upper neuron lesion. 

FACIAL NERVE (VII) 
Observe patient as he talks and smiles, watching for: 
- eye closure 
- asymmetrical elevation of one corner of mouth 
- flattening of nasolabial fold. 

Patient is then instructed to: 

Taste may be tested by using sugar, tartaric acid or sodium chloride. A small quantity of 
each substance is placed anteriorly on the appropriate side of the protruded tongue. 15 



GENERAL APPROACH TO HISTORY AND EXAMINATION 

CRANIAL NERVE EXAMINATION 

AUDITORY NERVE (VIII) 
Cochlear component 
Test by whispering numbers into one ear while masking hearing in the other ear by 
occluding and rubbing the external meatus. If hearing is impaired, examine external 
meatus and the tympanic membrane with auroscope to exclude wax or infection. 

Differentiate conductive (middle ear) deafness from perceptive (nerve) deafness by: 

1. Weber's test: Hold base of tuning fork (256 or 512 Hz) against the vertex. Ask patient 
if sound is heard more loudly in one ear. 

NORMAL hearing CONDUCTIVE DEAFNESS NERVE DEAFNESS 
Sound is louder in affected ear Sound is louder in the 
since distraction from external normal ear 
sounds is reduced in that ear 

2. Rinne's test: Hold the base of a vibrating tuning fork against the mastoid bone. Ask 
the patient if note is heard. When note disappears - hold tuning fork near the external 
meatus. Patient should hear sound again since air conduction via the ossicles is better than 
bone conduction. 

, 

In conductive deafness, bone conduction is better than air conduction. 
In nerve deafness, both bone and air conduction are impaired. 

Further auditory testing and examination of the vestibular component requires 
16 specialised investigation (see pages 60-62). 



GENERAL APPROACH TO HISTORY AND EXAMINATION 

CRANIAL NERVE EXAMINATION 

GLOSSOPHARYNGEAL NERVE (IX): VAGUS NERVE (X) 
These nerves are considered jointly since they are examined together and their actions are 
seldom individually impaired. 

Note patient's voice - if there is vocal cord paresis (X nerve palsy), voice may be high 
pitched. (Vocal cord examination is best left to an ENT specialist.) 

Note any swallowing difficulty or nasal regurgitation of fluids. 
Ask patient to open mouth and say 'Ah'. Note any asymmetry of palatal 

movements (X nerve palsy). 

Gag reflex Palatal 
Depress patient's tongue and touch weakness 
palate, pharynx or tonsil on one side 'Ah' 
until the patient 'gags'. Compare 
sensitivity on each side (afferent 
route - IX nerve) and observe 
symmetry of palatal contraction 
(efferent route - X nerve). 

Absent gag reflex = loss of 
sensation and/or loss of motor power. Uvula swings 
(Taste in the posterior third of the due to unopposed 

tongue (IX) is impractical to test.) muscle action 
on one side 

ACCESSORY NERVE (XI) 
Sternomastoid 
Ask patient to rotate head against 
resistance. Compare power and 
muscle bulk on each side. Also 
compare each side with the patient 
pulling head forward against 
resistance. 
N.B. The left sternomastoid turns 
the head to the right and vice versa. 

Trapezius 
Ask patient to 'shrug' shoulders and 
to hold them in this position against 
resistance. Compare power on each 
side. Patient should manage to resist 
any effort to depress shoulders. 

- 
\ , \ --- - 

9 



GENERAL APPROACH TO HISTORY AND EXAMINATION 

CRANIAL NERVE EXAMINATION 

HYPOGLOSSAL NERVE (XII) 
Ask patient to open mouth; inspect tongue. 
Look for - evidence of atrophy (increased folds, wasting) 

- fibrillation (small wriggling movements). 

Ask patient to protrude tongue. Note any difficulty or deviation. (N.B. apparent deviation 
may occur with facial weakness - if present, assess tongue in relation to teeth.) 
Protruded tongue deviates towards side of weakness. 
Non protruded tongue cannot move to the opposite side. 
Dysarthria and dysphagia are minimal. 



GENERAL APPROACH TO HISTORY AND EXAMINATION 

k EXAMINATION - UPPER LIMBS 

I 

MOTOR SYSTEM 
Appearance 
Note: - any asymmetry or deformity 

- muscle wasting If in doubt, measure circumference at fixed distance 
- muscle hypertrophy above/below joint. Note muscle group involved. 

- muscle fasciculation - irregular, non-rhythmical contraction of groups of 
motor units, increased after exercise and on tapping 
muscle surface. 
N.B. Fasciculation may occur in normal individuals, 
particularly in the orbicularis oculi. Distinguish from 
'fibrillation', which is excessive activity of a single 
motor unit and is only detectable with 
electromyography except in the tongue. 

Tone 
Ensure that the patient is relaxed, and assess tone by alternately flexing and extending the 
elbow or wrist. 
Note: - decrease in tone 

'Clasp-knife': the initial resistance to the movement is suddenly 
overcome (upper motor neuron lesion). 

- increase in tone 'Lead-pipe': a steady increase in resistance throughout the 
movement (extrapyramidal lesion). 

'Cog-wheel': ratchet-like increase in resistance (extrapyramidal 
lesion). 

Power 
If a pyramidal weakness is suspect (i.e. a weakness 
arising from damage to the motor cortex or 
descending motor tracts (see pages 189-193) the 
following test is simple, quick, yet sensitive. 

Ask the patient to hold arms outstretched with 
the hands supinated for up to one minute. The 
eyes are closed (otherwise visual compensation 
occurs). The weak arm gradually pronates and 
drifts downwards. 

With possible involvement at the spinal root or 
nerve level (lower motor neuron), it is essential to 
test individual muscle groups to help localise the 
lesion. 

When testing muscle groups, think of root 
supply and nerve supply. 



GENERAL APPROACH TO HISTORY AND EXAMINATION 

EXAMINATION - UPPER LIMBS 

Test for Serratus anterioc I Shoulder abduction 

C5, C6, C7 roots 
Long thoracic nerve 

Patient presses 
arms against wall 

, Look for winging 
of scapula i.e. 
rises from chest 
wall 

I ( Deltoid: 
C5, C6 roots 
Axillary nerve 

Arm (at more 
than 15" from 
the vertical) 
abducts against 
resistance 

Elbow flexion Biceps: C5. C6 roots I Elbow extension 
Musculocutaneous 

Arm flexed against 

Brachioradialis: C5, C6 ro0ts.r- 
Radial nerve I 

I 
I 

Arm flexed against I 
resistance with hand, 
in mid-position 

I 
I 
I 

/ ,, 1 Triceps: C6, C7, C8 roots 

Patient 
extends 

arm against 
resistance 

Finger extension 
Extensor digitorurn: 

Posterior inter- 
osseous nerve 

Patient extends 

Thumb extension - terminal phalanx 
Extensor pollicis longus and brevis: C7, C8 roots 
Posterior interosseous nerve 
Thumb is extended against resistance 

Finger flexion - 
terminal phalanx 

Flexor digitorurn profundus I and 11: C7, C8 roots 
Median nerve 
Flexor digitorurn profundus 111 and IV: C7, C8 roots 
Ulnar nerve 

20 Examiner tries to extend patient's flexed terminal phalanges 



GENERAL APPROACH TO HISTORY AND EXAMINATION 

EXAMINATION - UPPER LIMBS 

Thumb opposition Finger abduction 

Opponens pollicis: C8, T I  roots. Median nerve I st dorsal interosseus: 
C8, T I  roots. Ulnar nerve 

Patient tries to touch Abductor digiti minimi: 
the base of the C8, T I  roots. Ulnar nerve 
5th finger with 
thumb against 

Fingers abducted 
against resistance 

[Note: not all muscle groups are included in the foregoing, but only those required to 
identify and differentiate nerve and root lesions.] 

Temperature 
Temperature testing seldom provides any additional information. If required, use a cold 
object or hot and cold test tubes. 



GENERAL APPROACH TO HISTORY AND EXAMINATION 

EXAMINATION - UPPER LIMBS 

Joint position sense 
Hold the sides of the patient's finger or thumb and 
demonstrate 'up and down' movements. 

Repeat with the patient's eyes closed. Ask patient to 
specify the direction of movement. 

Ask the patient, with eyes closed, to touch his nose 
with his forefinger or to bring forefingers together with 
the arms outstretched. 

Vibration 
Place a vibrating tuning fork (usually 128 c/s) on a bony prominence, e.g. radius. Ask the 
patient to indicate when the vibration, if felt, ceases. If impaired, move more proximally 
and repeat. Vibration testing is of value in the early detection of demyelinating disease and 
peripheral neuropathy, but otherwise is of limited benefit. 

If the above sensory functions are normal and a cortical lesion is suspected, it is useful to 
test for the following: 
Two point discrimination: the ability to discriminate Blunt ends 
two blunt points when simultaneously applied to the 
finger, 5 mm apart (cf, 4 cm in the legs). 
Sensory inattention (perceptual rivalry): the ability to 

-3 
detect stimuli (pin prick or touch) in both limbs, when 
applied to both limbs simultaneously. 
Stereognosis: the ability to recognise objects placed in the hand. 
Graphaesthesia: the ability to recognise numbers or letters traced out on the palm. 

REFLEXES 
Biceps jerk C5, C6 roots. Musculocutaneous Supinator jerk C6, C7 roots. Radial 

\ \\ nerve 

Ensure patient's arm 
relaxed and slightly 
flexed. Palpate the 
biceps tendon with the 
thumb and strike 
with tendon hammer. 
Look for elbow flexion 

-" Strike the lower end 
of the radius with the 
hammer and watch 
for elbow and finger 
flexion. 

/ and biceps contraction. 



GENERAL APPROACH TO HISTORY AND EXAMINATION 

EXAMINATION - UPPER LIMBS 

Triceps jerk 

Radial nerve. 

Strike the patient's 
elbow a few inches 
above the olecranon 
process. Look for 
elbow extension and 

dd '- triceps contraction. 

Hoffman reflex C7, C8 

Flick the patient's 
terminal phalanx, 
suddenly stretching 
the flexor tendon 
on release. Thumb 
flexion indicates 

hyperreflexia. (May be present 
in normal subjects with 
brisk tendon reflexes.) 

Reflex enhancemnt 
When reflexes are difficult to elicit, enhancement occurs if the patient is asked to 'clench 
the teeth'. 

CO-ORDINATION 
Inco-ordination (ataxia) is often a prominent feature of cerebellar disease (see page 178). 
Prior to testing, ensure that power and proprioception are normal. 

Inco-ordination 
Finger - nose testing Ask patient to touch his nose with finger (eyes open). 

Look for jerky movements - 
DYSMETRIA or an INTENTION TREMOR 
(tremor only occurring on 
voluntary movement). 

Ask patient to alternately touch his 
nose then the examiner's finger as fas 
as he can. This may exaggerate the 
intention tremor and may demonstrate 
DYSDIADOCHOKINESIA - an inability 
to perform rapidly alternating movements. 

This may also be shown by asking the patient to rapidly supinate and pronate the forearms 
or to perform rapid and repeated tapping movements. 

Arm bounce Rebound phenomenon 

Downward pressure and sudden release of the 
patient's outstretched arm causes excessive 
swinging. 

Ask the patient to 
flex elbow against 
resistance. Sudden 
release may cause 
the hand to strike 
the face due to 
delay in triceps 
contraction. 



GENERAL APPROACH TO HISTORY AND EXAMINATION 

EXAMINATION - TRUNK 

SENSATION Test pin prick and light touch in dermatome distribution as for the 
upper limbs. 
Levels to remember: T5  - at nipple 

P T 10 - at umbilicus 
T12 - at inguinal ligament. , -\ 

/' 

Abdominal reflexes: T7  - T12 roots. Stroke 
or lightly scratch the skin towards the umbilicus 
in each quadrant in turn. Look for abdominal 
muscle contraction and note if absent or 
impaired. (N.B. Reflexes may be absent in obesity, 

I / 
after pregnancy, or after abdominal operations.) 

Cremasteric reflex: L1 root. Scratch inner thigh. Observe contraction of cremasteric 
muscle causing testicular elevation. 

SPHINCTERS 
Examine abdomen for distended bladder. 
Note evidence of urinary or faecal incontinence. 
Note tone of anal sphincter during rectal examination. 

Anal reflex: S4, S5 roots. A scratch on the skin beside the anus causes a reflex 
contraction of the anal sphincter. 

EXAMINATION - LOWER LIMBS 
MOTOR SYSTEM 
Appearance: Note: - asymmetry or deformity 1 

- muscle wasting 
as in the upper limbs. 

- muscle hypertrophy 
- muscle fasciculation ) 

Tone 
Try to relax the patient and alternately 
flex and extend the knee joint. Note the 
resistance. 

Roll the patient's legs from side to side. 
Suddenly lift the thigh and note the 
response in the lower leg. With increased 
tone the leg kicks upwards. 
Clonus 
Ensure that the patient is relaxed. Apply 
sudden and sustained flexion to the ankle. 
A few oscillatory beats may occur in 
the normal subject, but when this persists 
it indicates increased tone. 



GENERAL APPROACH TO HISTORY AND EXAMINATION 

EXAMINATION - LOWER LIMBS 

Power 
When testing each muscle group, think of root and nerve supply. 

Hip flexion I Hip extension 
Ilio-psoas: L1, L2, L3 I Gluteus maximus: L5, S1, S2 roots. 
oots. Femoral nerve I Inferior gluteal nerve 

I 
Patient attempts to keep heel on 
bed against 

I resistance 

. . . ... . 
Hip flexed against 

I 
I 

Hip abduction I Hip adduction 
Gluteus medius and I Adductors: 
minimus and tensor I L2, L3, L4 roots. 
fasciae latae: L4, L5, I Obturator nerve 
S1 roots. 
Superior gluteal nerve 

I 
I 
I Patient lying on back 

Patient lying on I tries to pull knees 
back tries to abduct together against 
the leg against I resistance 
resistance I 

I 
I 

Knee flexion 

I L5, S1, S2 roots. 
Sciatic nerve 

Patient pulls heel towards the buttock and tries 
to maintain this position against resistance. 

Knee extension Ouadriceps: L2, L3, L4 
oots. Femoral nerve 

Patient tries 
to extend 
knee against 
resistance 

Dorsiflexion 
Tibialis anterior L4, L5 roots. 

Deep peroneal nerve 
.... 

Patient dorsiflexes the 
ankle against resistance. 
May have difficulty in 
walking on heels 

I Plantarflexion 
I Gastrocnemius, soleus: 

S1, S2, roots. Tibial 
nerve. 

Patient plantarflexes the 
ankle against resistance. 

May have difficulty in 
walking on toes before 

weakness can be directly detected 25 



GENERAL APPROACH TO HISTORY AND EXAMINATION 

EXAMINATION - LOWER LIMBS 

Toe extension 

Extensor hallucis longus, extensor digitorurn longus: L5, S1 roots. 
Deep peroneal nerve 

., ,- Patient dorsiflexes the toes against 
resistance 

Inversion Eversion 

Tibialis posterior: L4, L5 root. Peroneus longus and brevis: L5, S1 roots. 
Tibial nerve Superficial peroneal nerve 

Patient inverts foot 
against resistance Patient everts foot 

- -  against resistance 

/[ " . 
SENSATION 

follow the dermatome 
distribution as in 

and extension movements of 
the big toe. Then ask 
patient to specify the 
direction with the 

If deficient, test ankle 
joint sense in the same 

Test vibration perception by placing a tuning fork 



GENERAL APPROACH TO HISTORY AND EXAMINATION 

EXAMINATION - LOWER LIMBS 

REFLEXES 
Knee jerk: L2, L3 L4 roots. 
Ensure that the patient's leg is relaxed by 
resting it over examiner's arm or by 
hanging it over the edge of the bed. Tap the 
patellar tendon with the hammer and 
observe quadriceps contraction. Note 
impairment or exaggeration. 

Ankle jerk: S1, S2 roots. 

Externally rotate the patient's leg. Hold 
the foot in slight dorsiflexion. Ensure the 
foot is relaxed by palpating the tendon of 
tibialis anterior. If this is taut, then no 
ankle jerk will be elicited. 

Tap the Achilles tendon and watch for 
calf muscle contraction and 
plantarflexion. 

Reflex enhancement 
When reflexes are difficult to elicit, they may be enhanced by asking the patient to clench 
the teeth or to try to pull clasped hands apart (Jendressik's manoeuvre). 

Plantar response 
Check that the big toe is relaxed. Stroke the lateral aspect of the sole and across the ball of 
the foot. Note the first movement of the big toe. Flexion should occur. Extension due to 
contraction of extensor hallucis longus (a 'Babinski' reflex) indicates an upper motor 
neuron lesion. This is usually accompanied by synchronous contraction of the knee flexors 
and tensor fasciae latae. 

Elicit Chaddock's sign by 
stimulating the lateral border of 
the foot. The big toe extends with 
upper motor neuron lesions. 

T o  avoid ambiguity do not , 
touch the innermost aspect of the 9 
sole or the toes themselves. 



GENERAL APPROACH TO HISTORY AND EXAMINATION 

EXAMINATION - POSTURE AND GAIT 

CO-ORDINATION 
Ask patient to repeatedly run the 
heel from the opposite knee down the 
shin to the big toe. Look for ATAXIA 
(inco-ordination). Ask patient to repeatedly 
tap the floor with the foot. Note any 
DYSDIADOCHOKINESIA (difficulty with 
rapidly alternating movement). 

Romberg's test 

Ask patient to stand with the heels together, first with 
the eyes open, then with the eyes closed. 

Note any < Present when eyes = cerebellar deficit 
excessive open or closed (cerebellar ataxia) 
postural 
swaying or Present only when = proprioceptive deficit 
loss of balance eyes are closed (sensory ataxia) 

('positive' Romberg's) 

GAIT 
Note: 
- Length of step and width of base 0 - - - - - --- 0 - - - - - - - - - - - - - 
- Abnormal leg movements ---------b b - 

(e.g. excessively high step) 
- Instability (gait ataxia) 
- Associated postural movements 

(e.g. pelvic swinging) 
0 0 0  

Abnormal . - - - - - -- -- - -- -- - - - --- - - - -- - - -- - -- - -- 

If normal, repeat with tandem walking, 
i.e. heel to toe. This will exaggerate ---Qb-=---- 
any instability. 



GENERAL APPROACH TO HISTORY AND EXAMINATION 

i EXAMINATION OF THE UNCONSCIOUS PATIENT 

HISTORY 
Questioning relatives, friends or the ambulance team is an essential part of the assessment 

1 of the unconscious or the unco-operative patient. 

Has the patient sustained a head injury - leading to admission, or in 
the preceding weeks? 

Did the patient collapse suddenly? 
Did limb twitching occur? 
Have symptoms occurred in the preceding weeks? 
Has the patient suffered a previous illness? 

I 

Does the patient take medication? 
i 
I GENERAL EXAMINATION 

Lack of patient co-operation does not limit general examination and this may reveal 
important diagnostic signs. In addition to those features described on page 4, also look for 

I signs of head injury, needle marks on the arm and evidence of tongue biting. Also note the 

I smell of alcohol, but beware of attributing the patient's clinical state solely to alcohol 
excess. 

NEUROLOGICAL EXAMINATION 
Conscious level: This assessment is of major importance. It not only serves as an 
immediate prognostic guide, but also provides a baseline with which future examinations 
may be compared. Assess conscious level as described previously (page 5) in terms of: 

Eye opening Verbal response Motor response 
Spontaneous 4 Orientated 5 Obeying commands 5 
T o  speech 3 Confused 4 Localising 4 
T o  pain 2 Words 3 Flexing 3 
None 1 Sounds 2 Extending 2 

None 1 None 1 

A score may be applied to each category of the grading system and the total summed to give an overall value 
ranging from 3-14, e.g. no eye opening, no verbal response and extending to pain = 4. 

I 

Pupil response 
Fundi 
Corneal reflex 

- tone 
Limb - reflexes 

- plantar response 

Lack of patient co-operation does not prevent objective 
assessment of these features described before, but 
elucidation of other relevant neurological signs 
requires a different approach. 



GENERAL APPROACH TO HISTORY AND EXAMINATION 

EXAMINATION OF THE UNCONSCIOUS PATIENT 

Eye movements 
C--t 4- 
,--\ - (Eyes Open Note whether the 

Observe any ~Pontaneous \ @ by examiner) if present, are 
.- 

eye movements. 
w e  conjugate (i.e. the eyes 

Elicit the oculocephalic move in parallel) or 
(doll's eye) reflex. dysconjugate (i.e. the eyes 
Rotation or flexion/extension of do not move in parallel). 
the head in a comatose patient produces These ocular movements 
transient eye movements in a direction assess midbrain and 
opposite to that of the movement. pontine function. 

Elicit the oculovestibular reflex (caloric testing, see page 62). 

Visual fields 
In the unco-operative 
patient, the examiner 
may detect a 
hemianopic field 
defect when 'menacing' 
from one side fails 
to produce a 'blink'. 

Limb weakness 
Detect by comparing the response in 
the limbs to painful stimuli. If pain 
produces an asymmetric response, 
then limb weakness is present. (If the 
patient 'localises' with one arm, hold 
this down and retest to ensure that a 
similar response cannot be elicited 
from the other limb). 

Facial weakness Supraorbital 

Failure to 'grimace' , ,pain 

on one side in 
response to bilateral 
supraorbital pain 
indicates a facial 
weakness. 

flexing right extending right 

Both patients are in coma; both have 
an asymmetric response to pain indicating 
a right arm weakness and focal brain 
damage. 

Pain stimulus applied to the toe nails or Achilles tendon similarly tests power in the 
lower limbs. Variation in tone, reflexes or plantar responses between each side also 
indicates a focal deficit. In practice, if the examiner fails to detect a difference in response 

30 to painful stimuli, these additional features seldom provide convincing evidence. 
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THE NEUROLOGICAL OBSERVATION CHART 

Despite major advances in intracranial investigative techniques, none has replaced clinical 
assessment for monitoring the patient's neurological state. The neurological observation 
chart produced by Jennett and Teasdale incorporates the most relevant clinical features, 
i.e. coma scale (eye opening, verbal and motor response), pupil size and reaction to light, limb 
responses and vital signs. The frequency of observation (normally 2-hourly) depends on the 
individual patient's needs. The chart enables immediate evaluation of the trend in the 
patient's clinical state. 

NAME INSTITUTE OF NEUROLOGICAL SCIENCES, GLASGOW 

OBSERVATION CHART 

Orlcnlatcd 

Confused 

Words 

Sounds 
None 

Obey command5 

Local8re pain 

Flexmn to pain 
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INVESTIGATIONS OF THE CENTRAL AND PERIPHERAL NERVOUS SYSTEMS 

SKULL X-RAY 

Despite the development of advanced radioIogica1 techniques, skull X-ray is still a useful 
preliminary investigation especially in head injured vatients. 

Standard views: Coronal suture 
Lateral - Venous lake 

Postero-anterior 
Towne's (fronto-occipital) 

Learn to distinguish normal 
skull markings and sites of 
calcification (pineal and 
choroid plexus). 

POSTERO-ANITRIOR * -.. . 
sagrrral 

Frontal si nkyn re 

Lam bdoid 
suture 

Look for: 
Fractures - Pineal 

Bone erosion - focal, e.g. pituitary fossa Foramen 

- generaIised, e.g. multiple myeloma - magnum 

Bone hyperostosis - focal, e.g. meningioma 
- generalised, e.g. Paget's disease 

Ab?normal calcification - turnours, e.g. meningioma, 
craniopharyngioma 

- aneurysm wall 
Midiine shift - if pineal is calcified 
Si'gns of raised intracraniul pressure - erosion of the posterior clinoids 
Configuration - platybasia, basilar impression 

More specific views depend on clinical indications and the availability of other imaging 
techniques, e.g. 

Base of skull (subnaet3tooertz'ccab) - cranial nerve palsies 
Optic foramina - progressive blindness 
Sell# turcica - visual field defects 

34 Petrouslintemal auditory meatus - sensorineural deafness. 
I 



INVESTIGATIONS OF THE CENTRAL AND PERIPHERAL NERVOUS SYSTEMS 

t COMPUTERISED TOMOGRAPHY (CT) SCANNING 

The development of this non-invasive technique in the 1970s revolutionised the 
investigative approach to intracranial pathology and it is now used routineIy for ' b o d y b d  
spine. 

A pencil beam of X-ray traverses the patient's head md a diameaimlly opposed detector 
measures the extent of its absorption. Computer processing, multiple rotating beams and 
detectors arranged in a complete circle around the patient's head enable determination of 
absorption values for multiple small blocks of tissue (voxels). Reconstruction of these areas 
an a two-dimensional display (pixels) provides the characteristic CT scan appearance. For 

I routine scanning, slices are 5-10 mrn wide. Slices of 1-2 mm width provide even greater 
detail but these 'high definition' views take longer to acquire and process and this 
technique is usually reserved for examination of the orbit, the pituitary region and the 
posterior fossa. 

Selecting different window levels displays tissues of different X-ray density more clearly. 
Some centres routinely provide two images for each scanned level of the lumbar spine, one 
to demonstrate bone structures, t h e  other to show soft tissue within and outwith the spinal 
canal. 

X-ray 
An in trmenms iodinared 

water-soluble contrast medium 
is administered when the 
plain scan reveals an 
abnormality or if specific 
clinical indications exist, e.g. 
suspected arteriovenous 
malformation, acoustic 
neurorna or intracerebra1 
abscess - with these lesions 
the plain scan may appear 
normal. Intravenous contrast 
shows areas with increased 
vascularity or with 
impairment of the blood- 
brain barrier. 

I Iatrathecal water-soluble 
contrast medium combined 
with CI" scanning outlines 

I the basal cisterns, the spinal 
cord and the lumbosacral 
nerve roots. 

of detectors 



INVESTIGATtQNS OF THE CENTRAL AND PERIPHERAL NERVOUS SYSTEMS 

COBVFPUTERISED TOMOGRAPHY (CT) SCANNlING 

NORMAL S m  
Frontal lobe 

Fafx cerebri Sulci 

Lateral ventricle 
Frontal horn of 

1 

4th ventricle 

Cerebellum lobe 



INVESTIGATIONS OF THE CENTRAL AND PERIPHERAL NERVOUS SYSTf MS 

COM PUTERISED TOMOGRAPHY (CT) SCANNING 

Coronal and sagittal Reconstruction showing orbital twmour 
reconstruction - I  and relationships in the coronal plane. 
CT imaging in the coronal plane is - -  - - - I 

difficult and in the sagittal plane, m T  
virtually impossible. Two 

% 

dimensional reconstruction of a 
p!!j 

F?f I 
selected plane may provide more .a , 1v "%% 

Q 

1 information, but requires CT 
slices of narrow width e.g. 2-3 mm. 

Coronal CT scanning 
Coronal scan showing a tumour 
of the ethrnoidal sinus 

' Full neck extension combined with maximal 
"'; angulatjon of the CT gantry permits direct 

coronal scanning and may give greater 
definition than reconstructed views. 

Dynamic CT scan 
showing posterior 

Dynamic CT scanning 
Scanning during infusion of i.v. contrast followed by two- 
dimensional reconstruction, of the image provides a non- 
invasive method of showing intracranial vessels. Although I 

this technique may demonstrate aneurysms as small as 2 mm, 
it is only practical to examine a small section of the 1 

vascvlature at any one time and angiography gives better definition. 

Three dimensional reconstruction Sophisticated computer programmes now 
produce stunning 3-D reconstructed images 
which can be rotated on a monitor screen. In 
practice these images seldom provide additional 
clinical information. 
This 3-0 reconstruction of a dynamic CT scan 
identified the configuration of vessels entering a 

[ vertebra-basilar aneurysm. 
Spinal CT scanning 
Plain CT of the spine provides useful information of 
disc disease, particularly at the Iumbosacral level. 
CT scanning after instilling a small amount of 
intrathecal contrast more clearly demonstrates lesions 
compressing the spinal cord or the cervico-medullary 
junction. 

Cervical disc compressing one side of the spinal cord. 37 



INVESTIGATIONS OF THE CENTRAL AND PERIPHERAL NERVOUS SYSTEMS 

COMPUTERISED TOMOGRAPHY (CT) SCANNING 

Interpretation of the cranial CT scan 
Before contrast enhancement note: 

WNTRICUIAR SYSTEM ABNORMAL TlSSCJE DENSrrY 

I 

Size 1 
\ Identify the site, and whether the lesion lies 

Position \ within ar without the brain substance. 
Compression of Note the "MASS EFFECT': 
one or more horns, - midline shift 
i.e. frontal, temporal - ventricular compression 
or occipital - obliteration of the basal cisterns, sulci 

High density 

SULCl AND THE Blood 
Calcification - tumour 
- arteriovenous 

/ 
I malfarmation/aneurysm 

I SKULL BASE AND VAULT 

H yperostosis 
Osteolvtic lesion 
~ernodelling 
Depressed fracture 

- hamartoma 
(Calcification of the pineaI gland, 
choroid plexus, basal ganglia and 
falx may occur in normal scans.) 

Low density 
Infarction (arteriallvenous) 
Tumour 
Abscess I MULTIPLE LESIONS ] may result from: Oedema 

Tumour - metastases 
- lymphoma 

Abscesses 
Granuloma 
Infarction 
Trauma 

Encephalitis 
Resolving haematama 

Mixed densify 
Tumour 
Abscess 
Arteriovenous malformation 
Contusion 
Haemorrhagic infarct 

After contrast enhancement: 
Vessels in the circle of Willis appear in the basal slices. Look at the  extent and pattern of 
contrast uptake in any abnormal region. Some lesions may only appear after contrast 
enhancement. 



INVESTIGATIONS OF THE CENTRAL AND PERIPHERAL NERVOUS SYSTEMS 

MAGNETIC RESONANCE IMAGING (MRI) 

For many years, magnetic resonance techniques aided chemical analysis in the food and 
petrochemical industries. The development of large-bore homagenmus magnets and 
computer assisted imaging (as in CT scanning) extended its use to the mapping of hydrogen 
nuclei (i.e. water) densities and their effect on surrounding molecules in viva Since these 
vary from tissue to tissue, MRI can provide a detailed image of both head and body 
structures. 

Physical basis 
When a substance i s  placed in a 
magnetic field, spinning protons 
within the nuclei act like small 
magnets and align rhemselves 

I within the field. 

I h i d e r  
the Pffea 
on: 

(a) individual 
promns 

A superimposed The transveme component 
electromagnetic pulse of the magnetisation 
(radiowave) at a specific vector generates the MRT 
frequency displaces the signal. 
hydrogen protons. 

T h e  TI component (or 
spin-lattice relaxation) 
depends w the time taken 
for the p r o m  to realign 

Radiofrequency themselves with the - magnetic field and reflects 
pulse the way the protons 

interact with the "lattice' 
of surrounding molecules 

d i + i $  
Radiofrequency 

' ( , ' , I  
I___). 

pulse 

in the ; , , 
I ' field , , : P . " .  

Pmtons a l i p d  but 
spinning out of phase 

and their return to 
thermal equilibrium. 

I N The T2 cornpound (spin- 
, , . . .  . , -  . J '  spin relaxation) is the 

time taken for the protons 
to return ta their original 
'out of phase' state and 
depends on the locally 
'energised' protons and 
their return m electro- 
magnetic equilibrium. 

Protons spin in phase 
(i.e. 'resonate') 

A variety of different radiofrequency pulse sequences (saturation recovery (SR}, 
inversion recovery (IR) and spin echo (SE) combined with computerised imaging produce 
an image of either proton density or of T1 or T2 weighting depending on the sequence 
employed. 39 



INVESTIGATIONS OF THE CENTRAL AND PERIPHERAL NERVOUS SYSTEMS 

MAGNETIC RESONANCE IMAGING ( M R I )  

Normal MRI images (TI JT2 weighting in relation to normal greylwhite matter) 

axial views - head 

T I  weighted 
T2 weighted 

Cervicodorsa f 
spine 

(sagittal view) 

T2 weighted 

Sagittal view - head 

TI  weighted 

Advantages (compared to CT scanning1 
Can select any plane, a.g, coronal, 
sagittal, oblique. 
No ionising radiation. 

T2 weighted 

More sensitive to tissue changes, e.g. demyelination plaques 
(but not specific for each pathology. 
i.a. does not distinguish demyelination 
from ischaemia). 
No bone artifacts, e.g. intracanalicular acoustic neuroma. 

'Disadvantages 
Limited slice thickness - 3 mm (cf. CT - 1 mm). 
Bone imaging limited to display of marrow. 
Claustrophobia. - - 

40 Cannot use with pacemaker or ferromagnetic implant. T I  weighted 





INVESTIGATIONS OF THE CENTRAL AND PERIPHERAL NERVOUS SYSTEMS 

ULTRASOUND 

Extracranial 
When the probe (i.e. a transducer) - frequency 5 1 0  MHz, is applied to the skin surface, a 
proportion of the ultrasonic waves emitted are reflected back from structures of varying 
acoustic impedence and are detected by the same probe. These reflected waves are 
reconverted into electrical energy and displayed as a two-dimensional image (P-mode). 
When the probe is directed at moving structures, such as red blood cells within a blood 

vessel lumen, frequency shift of the reflected waves occurs (the Doppler effect) 
proportional to the velocity of flowing blood. DoppIer ultrasound uses cmtdnuous wave 
(CW) or pulsed wave (PW'). The former measures frequency shift anywhere along the path 
of the probe. Pulsed ultrasound records frequency shift at a specific depth. 

Duplex sea-ng combines P-mode with doppler, simultaneously providing images from 
the vessels from which the velocity is recorded. 

Colour Coded Duplex (0 uses colour coding to superimpose flow velocities on a two 
dimensional ultrasound image, 

Normal vessels 
exhibit laminar 

~-1 
flow and the 
probe detects a Probe + 
constant velocity. D~~~~~~~ 

B-mode (real time) scanning images 
the arterial wall rather than the 
passage of red blood cslls - producing 
a 'map' of the lumen. 

Applications: assessment 
of extracranial carotid 
and vertebral arteries. 

Intracranial - transcranial Doppler 
ultrasound 

By selecting lower frequencies (2 MHz), 
ultrasound is able to penetrate the 
thinner parts of the skull bone. 
Combining this with a pulsed 
system gives reliable measurements 
and flow velocity in the anterior, 
middle and posterior cerebral 
arteries and in the basilar artery. 

Applications : 
Assessment of intraaanial 
haemodynamics in extracranial 
occlusivelstenoric vascuIar disease. 
Detection of vasospasm in 
subarachnoid hamorrhage. 



INVESTIGATIONS OF THE CENTRAL AND PERIPHERAL NERVOUS SYSTEMS 

Many neurological and neurosurgical conditions require accurate delineation of both intra- 
and extracranial vessels. Intra-arterial injectian of contrast remains the standard 
angiographic technique, either imaged directly on X-ray film or by digital subtraction 
(DSA). Intravenous DSA is of sufficient quality to be of value when investigating certain 
conditions e.g. carotid stenosis, sagittal sinus thrombosis. 

Under local anaesthetic, a 
catheter is inserted into the 
femoral artery and manoeuvred 
up to the carotid or vertebral 
origin with the help of a 'guide 

\ i  I 
wire" and an image intensifier 

1 
I 

trast injected with 

Subtraction of a pre-injection film 
from the aneio~ram eliminates bone 

, ..,,,,, . ,, vessel 
4 general anaesthetic 

avoids patient movement and aids 
subtraction but is not essential. 
Direct vessel puncture is rarely 
required. 

Most information is now derived from the arterial phase. 
Prior to the availability of CT scanning, the position of the cerebral 
vessels helped localise intracranial structures. 

Digital subtraction angiography (DSA) depends upon high-speed digital computing. 
Exposures taken before and after the administration of contrast agents are instantly 
subtracted 'pixel by pixel'. Data manipulation allows enhancement of small differences of 
shading as well as magnification of specific areas of study. 

X-ray generator v 
t 

Digital (digital computer 
image Display Image intensifier 

+ TW camera 

DSA results in improved contrast sensitivity, permitting the use of much lower 
concentrations of contrast material. 

Analogue to 
digital converter 
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ANGIOGRAPMY 

CAROTID ANGIOGRAPHY Lateral 

The anterior cerebral arteries run over 
the corpus callosum, supplying the 
medial aspects of the frontal lobes. 
Both anterior cerebral arteries may 
fill from each carotid injection. 
The middle cerebral artery runs in the 
depth of the Sylvian fissure. Branches 
supply the frontal and temporal 
lobes. 
The internal carotid artery bifurcates - 
into the anterior and middle cerebral 
arteries. 

Obliqua views may aid identification of some lesions, e.g. aneurysms. 

VERTEBRAL AMGIOGRAPHY 

Tome's view Lateral view 

, Posterior cerebral arteries supply the . 
occipital lobes and parts of the 
parietal and temporal lobes 

,-' Besilar artery: branches supply the . 
brain stem and cerebellum 

,- Vertebral arteries: branches supply , - 
the spinal cord, brain stem 
and cerebellum 

f -- Compression of the contralateral vertebral artery in  the 
neck during contrast injection produces retrograde 
flow end demonstrates both vessels with one injection 

medium 

In crarotiil and ve~tebral angiogiaphy look for: 
Vessel occlusion, stenosis or plaque formation 
Aneurysm 
Arterio-uenous maEforrruations 
Abnormal turnour circzakation Although superseded by the  CT scan in 
Vessel displacement or compression. tumour detection, angiography may give 

useful information about feeding vessels and 
the extent of vessel involvement with 
the tumour. 
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ANGIOGRAPHY 

Complications 
The development of non-ionic contrast mediums, e.g. iohexol, iopamidol, has considerably 
reduced the risk of complications during or following angiography. 
Cerebral ischaemia: caused by emboli from an arteriosclerotic plaque broken off by the 
catheter tip, hypotension or vessel spasm following contrast injection. The reduced amount 
of contrast used for intra-arterial DSA carries less risk. In the hands of experienced 
radiologists, permanent neurological deficit occurs in only one in every 5,000 
investigations. 
Contrast smsitiviry: mild sensitivity to the contrast occasionatly develops, but this rarely 
causes severe problems. 

Magnetic Resonance Angiography ( M U )  (see page 41) 

INTERVENTIONAL ANGIOGRAPHY 
With recent advances, endovascular techniques now play an important role in 
neurosurgical management. 
Embolisation: Parricles (e.g. Ivalon sponge) injected through the arterial catheter will 
occlude small vessels; e.g. those feeding meningioma or glomus jugulare turnours, thus 
minimising operative haemorrhage. 

'Glue' (isobutyl-2-cyan0cry1ate) can be injected into both high and low flow 
arteriovenous malformations. Operative excision is greatly facilitated; if the lesion is 
completely obliterated, this may even serve as a definitive treatment. 

Platimtm coils inserted into the aneurysm fundus through the angiographic catheter can 
induce thrombosis and complete or partial obliteration. Whether this permanently protects 
against rebleeding awaits long-term follow-up (see page 283). 

Balloons inflated, then detached from the catheter tip will occlude high flow systems 
involving large vessels, e.g. carotico-cavernous fistula, high flow arteriovenous 
malformations. 

All techtuques carry some risk of cerebral (or spinal) infarction from inadvertent distal 
embolisation when used in the internal carotid or spinal systems. 

Angfop~ssty: InfhtidiY of an intravascular hllooa within a vasospastic segment of a major vessel may revme 
cerebral ishaemia, but the technique i s  not without risk and experience is still limited in most centres. Trials are 
currently addressing its role in the management of c m t i d  stenosis and vasospasm after subarachnoid 
haemorrhage. 
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RADIONUCLEOTIDE IMAGING 

There are two components to imaging with radioactive tracers - the detecting system and 
the labelled chemical. Each of these has become increasingly sophisticated in recent years. 

Conventional g a m m a  camera scanning 
Following a blocking dose of potassium perchlorate (to prevent uptake in the choroid 
plexus and salivary glands), sodium pertechnetate, labelled with technetium-, is injected 
intravenously and its distribution within the brain detected with a gamma camera placed in 
the lateral, anterior or posterior positions. Where CT sca~taing is available, this technique is 
now obsolere. 

Single photon emission tomography (SPECT) 
This technique also uses compounds labelled with gamma-emitring tracers (ligands), but 
unlike conventional scanning, acquires data from multiple sites around the head. Similar 
computing to CT scming provides a two-dimensional image depicting the radioactivity 
emitted from each 'pixel'. This gives improved definition and 1ocaIisation. Various ligands 
have been developed but a 9 9 ~ c m  labelled derivative of propylamine oxime (MHPAO) is 
the most frequently used. This tracer 
represents cerebral bloodflow since it 
rapidly diffuses across the blood 
brain barrier, becomes trapped 
within the cells, and remains long 
enough to allow time for scanning. 
Of the total injected dose, 5% is 
taken up by the brain and 86% of 
this activity remains in the brain at 
least 24 hours. 

+ 

Llpnds  for Purpose 
SPECT scanning 

HMPAO - Cerebral blood flow 
L 2 3 ~  IBZM - Dopamine DZ receptors 
'"1 Iomaaenil - Bcnzodiazepinc receptors 
lz31CNB - Cholinergic receptors 
1 2 3 ~  ~ ~ 8 0 1  - Glutamate receptors 
"'I tyrosine - Amino-acid uptake (e.g. 

in turnours) 

A rotating gamma camera is often used for detection, although new multidetector systems 
will produce higher quality images. Data are normally reconstructed to give axial images 
but coronal and sagittal can also be produced. 

MULTIDETECTOR SYSTEM 

Multiple 
short focussing 
colimatcrs 
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RADlONUCLEOTlDE IMAGING 

Single photon emission computed 
tomography (SPECT) (contd) 

The normal scan - HMPAO (10 mrn resoIution) 
The tornogram is examined in conjunction with 
strucrural imaging (CT or MRI) to aid interpretation. 

CIinical application 

- Detection of early ischaemia in 
OCCLUSIVE and HAEMORRHAGIC 
CEFEEROVASCULAR DISEASE 

Absence af blood flow 
corresponds with area 
of infarction and tissue 
loss seen on structural 
imaging. 

- Assessment of blood flow changes in DEMENTIA 

Blood flow i s  generally reduced, especially in temporal 
and parietal lobes 

- Evaluation of patients Normal subject Patient with temporal lobe epilepsy 
with intractable Scan of temporal An icral scan (i.e. 
EPILEPSY of temporal lobe showing An hrericral scan MMPAO injeczed 
lobe origin symmetrical pattern shows reduced flow during the seizure) 

of blood flow more throughout the shows a marked 
prominent in grey temporal lobe hyperperfusion of 
matter the temporal lobe 

lies in the same 
axis as the temporal 
lobe 

Such findings aid Iocalisation of the epileptic focus and selection of patients for surgical 
treament. 47 
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RADIONUCLEOTIDE IMAGING 

Positron emission tomography (PET) 
This new technique utilises positron-emiming isotopes (radionuclides) bound to 

compounds of biolagical interest to study specific physiological processes guanritatively. 
Positron-emitting isotopes depend on a qclotron for production and their half-life is short, 
thus PET scanners only exist on adjacent sites. This limits availability for routine clinical 
use but PET scanners provide valuable research information. 
Each decaying positron results in the - few millimetres y photon 

release of two photons in diamerric 
opposition; these activate two coincidental 
detectors. Multiple pairs of detectors md 0 positron interacts 

with 180" 
cornpurer processing techniques enable release electron 
quantitative determination of local radio- 

y photon activity (and density of the labelled 
srnitting isotope 3 Compound labelled with positron 

compound) for each 'voxe1"a cube of 
tissue) within the imaged field. Each decaying positron 

Reconstruction using similar imaging detectors _ _ activates only two 
techniques to CT scanning produces the coincidental detectors 

positron emission scan. 
e.g. A and B 

Each detector is lfnked to Rejected 

several others in a fan shaped by AB but 

distribution coincident 
for CD 

B 

Isotope Binding compound Measurement under srudy 

I5 
Oxygen Csrbon monoxide - inhalation Cerebral b h d  wltmte (CBV) 

150xygen Water - i.v. bolus Cerebral blmdj7om {CBF] 
'"~luorine Fluoradeoxygiucose - i .v.  bolus Cerebralglucoss metabolism (CMRgl) 
15 

O~ygen - inhalation Cerebra[ oxygen utilisarkm (CMR03 
Oxygen sxnractim facror (OEFJ 

"Carbon Drug, e.g. phmytoin - i.v. bolus Dtug receptor n'te 
''carbon Methyl spiperone - i.v. bolus Dcpmine binding site 

Clinical and research uses 
PET scanning is of pa*cular value in eIucidating PET scan several days after a left middle 

the relationships between cerebral blood cerebral infarct showing a reduction in 
blood flow - -,__ flow, oxygen utilisation and extraction in focal 

areas of ischaemia or infarction @age 237) 
and has been used to study paknts  with 
dementia, epilepsy and brain rumours. 
Identification of neurotransmitter and 
drug receptor sites has aided the understanding 
and management of psychiatric Oxygen ailisation is also reduced with a 

48 (schizophrenia) and movement disorders, slight increase in oxygen extraction 
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ELECTROENCEPHALOGRAPHY (EEG) 

Electroencephalography examines by means of scalp elmodes the spontaneous electrical 
activity of the brain, Tiny electrical potentials, which measure millionths of volts, are 
recorded, amplified and displayed on eifier 8 or 165 channels of a pen recorder. Low and 
high frequency filters remove unwanted signals such as muscle artefact and mains 
interference. 

The system of electrode placement is referred to 
as the 10120 system because thc distance between 
bony pointa, i.t. inion K, nasion, is divided into 
lengths of either 10% or 20% of the total, and the 
electrodes placed at each distance. 

A awitch changes recording from A 
(parasagittal) to B (transverse). Other clccrmde 
amangements are also 'preset'. The numbering 
indicates the write out from top to bottom of m 
S-channel record. 

Normal rhythm 
Alpha rhythm (8-13 Hz - cycleslsecond). Symmetrical / and present posteriorly with the eyes closed - will 
disappear or 'block' with eye opening 

, Beta rhythm ( > 13 Hz). Symmetrical and present 
frontally. Not affected by eye opening 

- Theta rhythm (4-8 Hz) Seen in children and young 
adults with frontal and - Delta rhythm < 4 Hz) temporal predominance 

50uV [ , 

I 
These 'immature' features should disappear in 
adult life as the EEG shows 'maturation" 

1 sec 

As well as recording a resting EEG using various 'preset' electrode arrangements, 
stressing the patient by hyperventilation and photic stimulation (a flashing strobe light) 
may result in an electrical discharge supporting a diagnosis of epilepsy. 

More advanced methods of telemetry and foramen ovale recording m y  be necessary 
- to establish the diagnosis of 'epilepsy' if doubt remains 
- m determine the exact frequency and site of origin of the attacks 
- to aid classification of seizure type. 

Telemetry: utilises a continuous 2 P 4 8  hour recording of EEG, often combined with a 
videotape recording of the patient. 

Foramen ovab recording: a needle electrode is passed percutaneously through the foramen 
ovale to record activity from the adjacent temporal lobe. 

Magnetoenrephalogrnphy 
A new technique which measures changes in the magnetic fidd generated by the brain's electrical activity. It 
allows detection of the depth and location of current changes with better temporal and spatial resolution rhan 
the EEG. 
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INTRACRANIAL PRESSURE MONITORING 

Although CSP pressure may be measured during lumbar puncture, this method is of 
limited vaiue in intracranial pressure measurement: 

An isolated pressure reading does not indicate the trend or detect pressure waves. 
Lumbar punmre is contraindicated in the presence of an intracranial mass. 
Pressure gradients exist between different intracranial and spinal compaxtments, 

especially in the presence of brain shift. 

Many techniques are now available to measure intracranial pressure, including a fibre-#@ 
tmmsducer (Camino) inserted into the brain surface, or extra or intradural devices 
measuring pressure on the hemisphere surface, but a catheter inserted into the lateraI 
ventricle remains the standard by which other methods are compared. 

Ventricular catheter insertion 
A ventricular catheter is inserted into the frontal horn af the lateral ventricle through a 
frontal burr hole or small drill hole situated two fmger breadths from the midline, behind 
the hairline and anterior to the coronal suture. 

In the lateral plane, the 
catheter is directed towards 
the external auditory meatus / 

3-way tap rl 
b 1 

Transducer I! 

The saline filled catheter is 
connected to a pressure 
transducer and the ICP 
recorded an a chart recorder 

In the AP plane, the catheter 
is directed towards the inner 
canthus 

Camplleations 
Pntracerebral haemorrhge following catheter insertion rarely occurs. 
t7entriculiP'tis seldqm occurs provided monitoring does not continue for more than three 
days. 
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INTRACRANIAL PRESSURE MONITORING 

NORMAL PRESSURE TRACE 

Note waves caused by 
pulse pressure and respiration 

Normal ICP < lOmm H g  

10 sec Fluctuations in blood pressure may cause 
waves of 5-8Jmin (Traube-Hering waves). 

ABNORMAL PRESSURE TRACE 

Look for: Iamease in rhe mean pressure - > 20 mmHg - moderate elevation 
>44 mmHg - severe increase in pressure 

N.B. As ICP increases, she amplirude of the pulse pressure wave increases. 

Frequency %-2Smia 
Of variable amplitude 
Often related to respiration - 

5 min 
0 

Plateau waples 
Elevation of ICP over 50 rnmHg 

lasting 5-20 minutes 
Precede a severe continuous 

rise in ICP and precursors of I; - further clinical deterioration 

10 min 

CLINICAL USES OF ICP MONITORING 
- Investigation of normal pressure hydrocephalus - the presence of P waves for > 5% of a 
24-hour period suggests impaired CSF absorption and the need for a drainage operation. 
- Postoperative monitoring - a rise in ICP may precede clinical evidence of haematoma 
formation or cerebral swelling. 
- Small traumatic haematemas - ICP monitoring may guide management and indicate she 
need for operative removal. 
- ICP monitoring is required during treatment aimed at reducing a raised ICP and 
maintaining cerebral perfusion pressure. 
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EVOKED POTENTIALS - VISUAL, AU DlTORY 
AND SOMATOSENSORY 

RECORDING METHODS 
stimulation of any sensory receptor evokes 
a minute electrical signal (i.e. microvolts) in 
the appropriate region of the cerebral 
cortex. Averaging techniques permit 
recording and analysis of this signal 
normally lost within the background 
electrical activity. When sensitive apparatus 
is triggered to record cortical activity at a 
specific time after the stimulus, the 
background electrical 'noise' averages out, 
i.e. random positive activity subtracts from 
random negative activiry, leaving the signal 
evoked from the specific stimulus. 

Trigger - 
pulse - Averager - 

Click - 
generator 

J 

Alternating 
'checkerboard' / I or flash I I 

I 

\ j l - = /  Stimulator 

Visual evoked potential (VEP} W 
50ms A stroboscopic flash diffusely stimulates the retina; 

alternatively an alternating checkerboard pattern 
stimulates the macula and produces more consistent 

~ P V  results. The evoked visual signal is recorded over the 
occipital cortex. The first large positive wave (PI) 

Checkerboard 
provides a useful point for measwing conduction 
through ~e visual pathways. 
Uses: Multiple sclerosis detecrion - 30% with normal 
ophthalmological examination have abnormal VEP. 
Peroperative monitoring - pituitary surgery. 

Brain stem auditory evoked Electrical activity evoked in the first 10 milliseconds 
potential (BAEP} after a Wick' stimulus provides a wave pattern 

~ , . . , . ~ ~ w m s  related to conduction through the auditory pathways 
in the VIII nerve and nucleus (waves I and TI) and 

t.w 
in the pons and midbrain (waves 111-V). Longer 

0-3ctV latency potentials (up to 500 ms), recorded from the 

Click auditory cortex in response to a 'tone' stimulus, are 
of less clinical value. 

"I IV V Uses: Hearing assessment - especially in children. 
Vertex Detection of iatrinsic and extrinsic brain stem 

and cerebellopontdne angk le$1'ms, e.g. acoustic 
turnours. 
Peroperarive recording during acoustic turnour 
operations. 

52 r. Mastoid (reference) Assessmeltt of braita stem function in corna. 
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EVOKED POTENTIALS - SOMATOSENSORY 

Somatosensory evoked potentials (SEP) 

The sensory evoked potential is recorded 
I mV over the parietal cortex in response ro 

stimulation of a peripheral nerve (e.g. median 
nerve). Other electrodes sited at different 
points along the sensory pathway record the 
ascending activity. Subtraction of the 

u latencies between peaks provides conduction 
vertebra (active) 5 ms time between these sites. 

Central conduction time (CCT): sensory conduction time from the dorsal columns (or 
nuclei) to the parietal cortex. 

Uses: Detectim of lesions in the sensory pathways - brachial plexus injury 
- spinal cord and brainstem tumours or 

demyelination. 
Peroperative recording - straightening of scoliosis } - spinal conducrion - removal of spinal tumourslAVM 

- aneurysm operation with temporary vessel occlusion - CCT. 
Motor Evoked Potendd (MEF) 
Subtraction of the latencies between moror evoked potentials eliated by applying a brief magnetic stimulus to 
either the motor cortex, rhe spinal cord or the peripheral nerves gives per$heral and cenrral motor cmduction 
velocities. T h e  use of MEP in clinical practioe awaits hrther evaluation. 

MYELOGRAPHY 
Injection of water-soluble conrrast into the lumbar theca and imaging flow up to the 
cervicomedullary junction provides a rapid (although invasive) method of screening the 
whale spinal cord and cauda equina for compressive lesions (e.g. disc disease or 
spondylosis, turnours, abscesses or cysts). For suspected 
Iumbosacral disc disease, contrast is screened up to the Oblique view 

level of the conus i.e. RADICULOGRAPHY (but a 
normal study does not exclude the possibility of a laterally ; 
situated disc). CT scanning and MRI have gradually Note contrast 
replaced the need for myelography, but the introduction of filling the 
a low dose of water-soluble contrast considerably enhances nerve roots. 
axial CT scan images of the spinal cord and nerve roots. 

Problems 
Headache occurs in 30%, nausea and vomiting in 20% and seizures in 0.5%. 
Arachnoiditis - previously a major complication with oil based conrrast MYODIL, but rarefy 

occurs with water soluble contrast. 
Subdural injection (accidental) - prevents correct interpretation. 
Haematowla - occurs rarely at the injection site. 
Ipnpactio~ of spinal turnour - may follow CSF escape and aggravate the effects of card 

compression, leading to cIinical deterioration. 53 
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LUMBAR PUNCTURE 

Lumbar puncture permits: - acquisition of cerebrospinal fluid far analysis. 
- CSF drainage and pressure reduction, e.g. in 

communicating hydrocephaluslCSF fistula. 

TECHNIQUE 

1. Correct posdrioning of the patient is essential. Open the vertebral laminae by drawing the 
knees up to the chest and flexing the neck. Ensure the back is perpendicular to the bed to 
avoid rotation of the spinal column. 

2. Identify t h e  site. The L3/4 space lies level with the iliac crests and this is most often 
used, but since the spinal cord ends at L1 any space from L21L3 to L5/SI provides a safe 
approach. 

3. Clean the area and insert a few 
millilitres of local anaesthetic. 

4. Ensure the stylet of a 20G lumbar puncture needle is fully home (22G for children) and 
insert at a slight angle towards the head, so that it parallels the spinous processes. Some 

resistance is felt as the needle passes through 
the ligamentum flavurn, the dura and 
arachnoid layers. 

5. Withdraw the stylet and collect the CSF, If 
bone is encountered, withdraw the needle and 
reinsert at a different angle. If the position 
appears correct yet no CSF appears, rotate the 
needle to free obstructive nerve roots. 

A similar technique employing a ruom 
needle allows insertion of intra- or epidural 
caanula (for CSF drainage or drug instillation) 
or stimulating electrodes (for pain 
management). 

Avoid lumbar puncture 
- if raised intracranial pressure is suspect. Even a fine needle leaves a hole through which 
CSF will leak. In the presence of a space-occupying lesion, especially in the posterior 
fossa, CSF withdrawal creates a pressure gradient which may precipitate tentorial 
herniation. 

54 - if platelet count is less than 40,000 and prothrombin time is less than 50% of control. 
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CEREBROSPINAL FLUID 

CSF COLLECTION 
Subarachnoid haemorrhage (SAH), or puncture of a blood vessel by the needle, may 
account for blood stained CSF. T o  differentiate, collect CSF in three bottles. 

Uniformly stained = SAH 1 
In practice, doubt may remain 

:x+2: :.:.:,:.- s:?:. ..:.+, - also look for xanthochromia 
(naked eye and 

U U CSF clears in 3rd bonk = traumatic tsp ~~~c t rophota rne tw~  
.:,:.:.> .... .,. 

CSF PRESSURE MEASUREMENT 
Check that the patient's head (foramen of Munro) is 
leveI with the lumbar puncture. Connect a 
manometer via a 3-way tap to the needle and allow - 
CSF to run up the column. Read off the height. 
Normal value: 100-150 mm CSF. 

CSF ANALYSTS 
Standard tests 
1. Bacreriological - REC and differential WBC (normal = < 5 WBCs per mm3) 

- Gram stain and culture 
- appearance of supernatant. Xanthochrumia (yellow staining) results 

from subarachnoid haemorrhage with RBC breakdown, high CSF 
protein or jaundice. 

2. Biochemical - protein (normal = 0 . 1 H . 4 5  gll) 
- glucose (normal = 0.45-0.70 gll) 4 M Q %  of blood glucose 

simultaneously sampled. 
Special tests 
Suspected: 
Malignant tumour - cytology 
Tubercle - Ziehl-Neelson stain, Lowenstein-Jensen culture 
Non-bacterial infection - virology, fungal and parasitic studies 
Dmyelinating disease - oligoclonal bands 
Neurosyphilis - VDRL (Venereal Disease Research Laboratory) test 

- FTA-ABS (Fluorescent treponemal antibody absorption) test 
- Treponema pallidum immobilisation test (TPI) 

Cryptococcus - culture and antigen detection 
HIV - culture, antigen detection and 

antiviral antibodies (anti-WEV-IgG). 
Cot~lplic~tiom 
- tonsillar herniation (see page 77) 
- transient headache (lo%), radicular pain (lo%), or ocular palsy (1%) 
- epidural haemorrhage very rare. 

55 
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ELECTROMYOGRAPH/N ERVE CONDUCTION STUDIES 

Needle electronayography records the electrical activity occurring within a particular muscle. 

Neme conduction studies measure conduction in nerves in response to an electrical stimulus. 

3oth are essential in the investigation of diseases of nerve (neuropathy) and muscle 
I ~ Y o P ~ ~ ~ Y ) .  
Repetirive nerve stimulation tests are important in the evaluarion of disorders of 
neuromuscular transmission, e,g. myasthenia gravis. 

ELECTROMYOGRAPHY 
A concentric needle electrode is inserted into muscle. The central - ---'+ 

an area of 300pradius. 

/ 
wire is the active electrode and the outer casing the reference elemode. This records from 

The potential difference between the two electrodes is amplified and displayed on an 
oscilloscope. An audio monitor enables the investigator to 'hear' the pattern of electrical 
activity. 

Normal muscle at rest is electrically 'silent' with a resting 
potential of 90 mV; as the muscle gradually contracts, 
motor mit potentials appear . . . followed by the development of 

'+ ., an iaterference pattern , 

20opv 

u 
I 

I 
20ms 20ms 

The recruitment of more and more motor units 
Abvtownalities take the form of: prevents identification of individual potentials 

Spontaneous activity in muscle when at rest. 
Abnormalities of the motor unit potential. 
Abnormalities of the interference pattern. 
Special phenomena, e.g. myotonia. 

Spontaneous activity at rest 

Fibrillation potentials are due to single muscle fibre 
contraction and indicate active denervation. They 
usually occur in neurogenic disorders, e.g. 

u 
1 Oms neuropathy . 

Slow negative waves preceded by sharp positive 
100yv [ spikes Seen in chmnically dinemated muscle, 

+ u e.g, motor neuron disease, but also in acute 
lOms myopathg, e.g. palymyositis. These waves probably 

Positive sharp waves represent injury potentials. 
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ELECTROMYOGRAPHY/N ERVE CONDUCTION STUDIES 

AbnormaZities (contd) 

Motar unit potential 
In'myopathies and muscular dystrophies, In neuropathy, the surviving motor unit 
potentials are polyphasic and of small potentials are also polyphasic but of Iarge 
amplitude and short duration. amplitude and long duration. 

20ms 
The enlarged potentials result from 
collateral reinnervation. 

Interference pattern 
In myopathy, recruitment of motor units and the interference pattern remain normal. The 
interference pattern may even appear to increase due to fragmentarion of motor units. 

In nwsopathy, there is a reduction in interference due to a loss of motor units under 
voluntary control. 

Myotoda 
High frequency repetitive discharge may occur after voluntary movement. The amplitude 
and frequency of the potentials wax and wane giving rise to the typical 'dive bomber' 
sound on the audio monitor. 

An abnormal rnyotonic discharge provoked by moving the needle electrode. 
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ELECTROMYOGRAPHYJNERVE CONDUCTlON STUDIES 

NERVE CONDUCTION STUDIES 
Distal latency (latency from stimulus to recording electrodes), amplitude of the evoked 
response and conduction velocity all provide information on motor and sensory nerve 
function. 

Conduction velocity: measurement made by stimulating or recording from twu different 
sites along the course of a peripheral nerve. 

Distance between two sites 
= Conduction velocity 

Difference in conduction times 
between two sites 

Motor conduction velocity {CW 
e.g. median nerve 

Sensory conduction velocity (CVI 
e.g. ulnar nerve 

Stimulus 

X 
\ 

Recording 
electrodes 

, ' -w 

2.*- ] 
Stimulating 

d CV =-  electrodes 
(motor) t 

CV - d  - - 
{sensory) t 

Normal values (motor) Normal values (sensory) 

Ulnar and median nerves - 50-60 mls Ulnar and median nerves - 60-70 mls 
Common peroneal nerve - 45-55 rnls Common peroneal nerve - 5G70 m/s 

Motor conduction velocities slow with age. 
Body temperature is important; a fall of 1°C slows conduction in motor nerves by 
approximately 2 metres per second. 
Pathological delay occurs with nerve entrapments, demyelinating neuropathies (Guillain 
Barrt syndrome) and multifocal motor neuropathy. 
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ELECTROMYOGRAPHY/NERVE CONDUCTION STUDIES 

REPETITIVE STIMULATION 
In the normal subject, repetitive stimulation of a motor nerve at a frequency of C30lsec 
produces a muscle potential of constant form and amplitude. Increasing the s'timulus 
frequency to > 30lsecond results in fatigue manifest by a decline or 'decrement' in the 
amplitude. In patients with disorders of neurornuscular transmission, repetitive stimulation 
aids diagnosis: 

MyarrRePmia gravis 
A decrementing response occurs with 
a stimulus rate of 55lsecond. 

Myasthenic (Eaton Ladar t )  syndrom 
With a stimulation rate of 2&5Olsecond 
(i.e. rapid) a small amplitude response 
increases to normal amplitude - 
incremating response. 

SINGLE FIBRE ELECTROMYOGRAPHY 
A standard mncenuic needle within musde will record electrical activity 0 . 5 1  mm f m  its tip - sampling from 
up to 20 motor units. R 'single fibre' elcctromyography needle with a smaller recording surface detects elearical 
activity within 300 pn of its tip - sampling 1-3 muscle fibres from a single motor unit. 

- Parent axon from /' 
single anteriar horn cell 

-' Branch axws 
Record: - 

** Muscle fibres 
*-G' 

Recording needle 
Action potentials recorded from two muscle 
fibres are not synchronous. The gap 

/ between each i s  variable and can be 

/ measured i f the first recorded potential is 
'lmked' on the osciiloscope. 

This variability is referrid to as JXTFER - normally 2% 
25 ps (2-5 ps due to transmiaaion in the branch axon - 
15-20 ys m variation in neurornuscular transmission). 

Single fibre electromyography is m;casionalIy helpful in the investigation of disordm of neummuacular 
transmission. In ocular myasthenia, the affected muscles are not accessible and frontalis is sampled instead. 



INVESTIGATIONS OF THE CENTRAL AND PERIPHERAL NERVOUS SYSTEMS 

N EURO-OTOLOGICAL TESTS 

AUDITORY SYSTEM 
Neuro-otobgicd tests help differentiate conductive, cochlear and retrocochlear causes of 
impaired hearing. They supplement Weber's and Rinne's test (page 16). 

PURE TONE 

Pure tone - 
air conduction 

AUDIOMETRY Thresholds 
hfferent 

- - -_ 
ing 

for air and bone conduction are measured 
frequencies from 250 Hz to 8k Hz. 

Normal hearing 

# 
/ 

dB 1, Bone 

0 

0 

0 
I 

0 

100 /='#k 125 250 500 1000 2000 4000 8000 

ing Hz 

Electromech 
vibrator - 
bone conduction 

Sound conducted through air requires an intact ossicular system as well as a functioning 
cochlea and VIII nerve. Sound applied directly to tbe bone bypasses the ossicles. 

Conductive deafness 
-10 1 

Bone 
C---h,_re.cC---L 

I Air 

-10 C Sensorineural loss 



INVESTIGATIONS OF THE CENTRAL AND PERIPHERAL NERVOUS SYSTEMS 

NEURO-OTOLOGICAL TESTS 

SPEECA AUDIOMETRY 
This test measures the percentage of words correctly interpreted as a function of the intensity of presenmtion and 
indicates the usefulness of bearing. The graph shows how different types of hearing loss can be differentiated. 

Pnctaped Masking 
worda noise 

Percentage 
of words 
mrrect 

STAPEDIAL REFLEX DECAY 
An intense acoustic stimulua muses reflex contraction of the smpcdius 

Afferent pathway muscle. This in turn causes reduced wmpliance (incteased impedence) 
VIE1 nerve ; of the tympanic membrane. 

Irnpedmce of 
tympanic membrane 
monitored with 
a probe tone 

Rapid decay of the reflex 
response guggeats a lesion 
of the auditory nerve 

Effereur pathway 
via both YII nerves 
(nerve to stapedius) 

AUDITORY IBRAZNSTEM EVOKED POTENTIAL 

Averaging techniques (page 52) permit the recording 
md analysis of small electrical potentials woked in 
response ta auditory s~muli.  Activity in the first 10 
me providm information about the VIII nerve and 
nucleus (waves I and 11) and the pons and midbmin 
(waves I11 - V). Lesions of the VIII nerve diminish 
the amplitude and/or the latency of wave I or II and 
increase the wave I to V inter- latency. In 
comparison, rnchlear leaions seldom affect either 

E wave patterm or latency. 



INVESTIGATIONS OF THE CENTRAL AND PERIPHERAL NERVOUS SYSTEMS 

NEURO-OTOLOGICAL TESTS 

VESTIBULAR SYSTEM 

Caloric testing (vestibule-ocular reflex) 
Compensatory mechanisms may mask clinical evidence of vestibular damage - spontaneous 
and positional nystagmus. Caloric testing provides useful supplementary information and 
may reveal undetected vestibular dysfunction. Stimulus is maximal with the head 

Method: Water at 30°C irrigated into the ( ;- 
supporred 30" from the horizontal (with the 

external auditory meatus. Nystagmus usually lateral semiarcular canal in a vertical 

develops after a 20 second delay and Iasts plane). 

for more than a minute. The test is repeated 
after 5 minutes with water at 44°C. Vestibular 

cold water effectively reduces the Right nucleus 
vestibular output from one side, creating an ~ e f T t i ~ i r C ~ I ~ r  
imbalance and producing eye drift towards canals 
the imgated ear. Rapid corrective 

movements opposite ear. result ~ o t  water in 'nyatagmus' (44") reverses to the the q-cs!i Ampulla ,- 

convection current, increases the vestibular 
output and changes the direction of 

Convection 
current in- .+-- 

nystagmus. C-- 

duced in lateral - - 
N,B. Ice water ensures a maximal semicircular --f 

stimulus when caloric testing for canal '$--+ with cold water, Fasf 
brain dearh or head injury 4 current flows 
prognostication. f away from 

Time from onset of irrigation m the Cold water (30°C) the ampulla 
cessarion of nysmgmus is plotted Tor 
each ear, a t  each temperature Electronystagmogmphy: The 
Normal 

30" min 
potential difference across the eye (the 

response mrneoretinal potential) permits 
I3 recording of eye movements wich 

440 ; _ L f _ q  min 
R 

Damage to the labyrinth, vestibular 
nerve or nucleus results in one of two 
abnormal patterns, or a combination of 
both. 

L 
1. I y :  L 

Canal 
30" 

R A  eft 
paresis canal 

paresis 

R 
L 

2. 30" 7 
Directional R I ~irectdnal 
preponderance preponderance 

L to the right 

4C R r 

laterally placed electrodes and enables 
detection of spontaneous or reflex 
induced nystagmus in darkness or with 
eyes closed. 
This eliminates optical fmation which 
may reduce or even abokish nysrapus. 
CalnaI parerk implies reduced duration 
of nystagmus on one side. It may result 
fmm either a peripheral or central 
{brain stem or cerebellum) lesion on 
that side. 
Direcrdonal prepmderance implia a more 
prolonged duration of nystagmus in one 
direction than the other. I t  may result 
from a cenltral lesion on the side of the 
preponderance or from a peripheral 
lesion an the other side. 
These tests combined with audiometry 
should differentiate a peripheral from a 
central lesion. 
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CLINICAL PRESENTATION, ANATOMICAL CONCEPTS AND DIAGNOSTIC APPROACH 

HEADACHE - GENERAL PRINCIPLES 

Headache is a common symptom arising from psychological, otological, ophthalmological, 
neurological or systemic disease. In clinical practice psychological 'tension' headache is 
encountered most frequently. 

Definition: Pain or discomfort between the orbits and occiput, arising from pain-sensitive 
structures. 

Intracranial pain-sensitive structures are: 
venous sinuses, cortical veins, basal arteries, dura of anterior, middle and posterior fossae. 

Posterior fossa: , Anterior fossa 
innervated by IX, X cranial 

\ . 1 innervated by 1st 
nerves and the upper, and 2nd branches 
cervical nerves _, Middle fossa of the V cranial . 

nerve 

Pain referred to: 
Pain referred ta 

I 

ipsilateral 
temporal 

bilateral or 
ipsilateral 

Extracranial pain-sensitive structures are: 
Scalp vessels and muscles, orbital contents, mucous membranes of nasal and paranasal 
spaces, external and middle ear, teeth and gums. 

International classification of headache type (1988) 
% Frequency in General Practice 

Type Percentage 
Tension type headache 45 
Migraine 30 
With diseases of the eyelsinuses < 8  
With systemic infection 7 
With head trauma 3 Examination 
With drugs 2 Full general examination, including: 
With cerebrovascular disease < 1 Ocular - acuity, tenderness, strabismus 
With other intracranial disease < 1 Teeth and scalp 
With metabolic disease < 1 Percussion over frontal and maxillary 
Cluster headache < 1 sinuses. 
Neuralgias < 1 Full neurological examination. 



CLINICAL PRESENTATION. ANATOMICAL CONCEPTS AND DIAGNOSTIC APPROACH 

HEADACHE - DIAGNOSTIC APPROACH 

History: most information is derived from determining: 
- the first attack or previous attacks - site of headache 
- whether onset is acute or gradual (days or weeks) - accompanying symptoms 
- whether attacks have recurred for many years (chronic) - precipitating factors 

The following table classifies causes in these categories: 

Cause 

ACUTE 
Sin usitis 

Migraine 

Cluster headache 
Glaucoma 

Retrobulbar neuritis 
Post-traumatic 
Drugs/toxins 
Haemorrhage 

Infection (meningitis, 
encephalitis) 

Hydrocephalus 

SUBACUTE 
Infection (subacute, 

chronic meningitis, 
e.g. TB 
cerebral abscess) 

lntracranial tumour 1 Chronic subdural 
haematoma 

Hydrocephalus 
Benign intracranial 

hypertension 
Temporal arteritis 

CHRONIC 
Tension-type headache 
Ocular 'eye strain' 
Drugs/toxins 
Cervical spondylosis 

Associated features 
which (if present) 
aid diagnosis 

Preceding 'cold' 
nasal discharge 
Visual/neurological 
aura, nausea, vomiting 
Lacrimation, rhinorrhoea 
'Misting' of vision 
'haloes' around objects 
Loss of vision (unilateral) 
Following head injury 
On vasodilator drugs 
Instantaneous onset 
vomiting, neck stiffness 
impaired conscious level 
As above but more 
gradual onset with pyrexia 
Impaired conscious level, 
leg weakness 
impaired upward gaze 

Impaired conscious level, 
pyrexia, neck stiffness, 
focal neurological signs 

Vomiting, papilloedema, 
impaired conscious 
level f focal neurological 
signs 
Vomiting, papilloedema 

Thickened, tender, 
scalp arteries 

Anxiety, depression 
Impaired visual acuity 
On vasodilator drugs 
Neck, shoulder, arm pain 

RECURRENT 
ATTACKS 

x 

w 

w 
w 

: (if CSF fistula) 

w 

w 

w 
w 

w 

Further investigations 
(if required) 

X-ray nasal sinuses 

Ophthalmological 
referral 

Visual evoked response 
Skull X-ray, CT scan 

1 CT scan, 
lumbar puncture 
(see page 54) 

CT scan 

CT scan 
lumbar puncture 

CT scan 

CT scan, 
CSF pressure 

monitoring 
ESR, 
temporal artery biopsy 

Refractive errors 

X-ray cervical spine 



CLINICAL PRESENTATION, ANATOMICAL CONCEPTS AND DIAGNOSTIC APPROACH 

HEADACHE - DIAGNOSTIC APPROACH 

Headache in children 
All causes of adult headache (except in retrobulbar neuritis, glaucoma, temporal arteritis 
and cervical spondylosis) may cause headache in children. In this age group, the 
commonest type of headache is that accompanying any febrile illness or infection of the nasal 
passages or sinuses. 

The clinician must not take a complaint of headache lightly; the younger the child, the 
more likely the presence of an underlying organic disease. Pyrexia may not only represent a 
mild 'constitutional' upset, but may result from meningitis, encephalitis or cerebral abscess. 
The presence of neck stiffness and/or impaired conscious level indicates the need for 
urgent investigation. 

Although intracranial tumours are uncommon in childhood, when they occur they tend to 
lie in the midline (e.g. medulloblastoma, pineal region tumours.) As a result, obstructive 
hydrocephalus often develops acutely with headache as a prominent initial symptom. 

In a child with 'unexplained' headache, CT scan should be performed: 
- if the presentation is acute 
- if the severity progressively increases 
- if school performance declines, or other symptoms, e.g. personality change, 

develop 
- if the head circumference increases 
- if the child is under 5 years. 

HEADACHE - SPECIFIC CAUSES 

TENSION TYPE HEADACHE 

This is the commonest form of headache experienced by 
70% of males and 90% of females at some time in their 
lives. 

--. .'- Characteristics: Diffuse, dull, aching, 'band-like' 
headache, worse on touching the scalp and aggravated by 
noise; associated with 'tension' but not with other physical 
symptoms. 
Duration: Many hours - days. 
Frequency: Infrequent or daily; worse towards the end of the day. 
May persist over many years. 

Mechanism: 'Muscular' due to persistent contraction, e.g. clenching teeth, head 
posture, furrowing of brow. 

Treatment: Reassurance 
Attempt to reduce psychological stress 
Benzodiazepines, e.g. diazepam (short course) 

66 Antidepressants. 



CLINICAL PRESENTATION, ANATOMICAL CONCEPTS AND DIAGNOSTIC APPROACH 

HEADACHE - SPECIFIC CAUSES 

MIGRAINE 
Migraine is a common, often familial disorder characterised by unilateral throbbing 
headache. 

Onset: Childhood or early adult life. 
Incidence: Affects 5-10% of the population. 
Female: male ratio: 2:l 
Family history: Obtained in 70% of all sufferers. 

Two recognisable forms exist: 

MIGRAINE WITH AURA MIGRAINE WITHOUT AURA 

An aura or warning of visual, sensory (COMMON MIGRAINE) 

or motor type followed by headache - The aura is absent. The headache has 
throbbing, unilateral, worsened by similar features, but it is often poorly 
bright light, relieved by sleep, localised and its description may merge 
associated with nausea and, with that of 'tension' headache. 
occasionally, vomiting. 

The aura of migraine may take many forms. The visual forms comprise: flashing lights, 
zig-zags (fortifications), scintillating scotoma (central vision) and may precede visual field 
defects. Such auras are of visual (occipital) cortex origin. 

The headache is paroxysmal, lasting from 2 to 48 hours and rarely occurring more 
frequently than twice weekly. In migraine equivalents the aura occurs without ensuing 
headache. 

Mechanism 
Whether migraine is primarily a VASCULAR or NEURONAL disorder remains controversial. 
Chemical neurotransmitters, 5 hydroxytryptamine (5HT syn. serotonin) and noradrenaline 
seem responsible for controlling the diameter of extra- and intracranial blood vessels. 

SPECIFIC TYPES OF MIGRAINE WITH AURA 
Basilar: Characterised by bilateral visual symptoms, unsteadiness, dysarthria, vertigo, 
limb paraesthesia, even tetraparesis. Loss of consciousness may ensue and precede the 
onset of headache. This form of migraine affects young women. 
Hemiplegic: Characterised by an aura of unilateral paralysis (hemiplegia) which unusually 
persist for some days after the headache has settled. Often misdiagnosed as a 'stroke'. 
When familial, mendelian dominant inheritance is noted. Recovery is the rule. 
Ophthalmoplegic: Characterised by extraocular nerve palsies, usually the IIIrd, rarely 
the VIth. These may result from dilatation of the internal carotid artery with stretching of 
the I11 or VI cranial nerve within the cavernous sinus. 

Rarely migraine can present as episodic coma - MIGRAINE COMA. 
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HEADACHE - SPECIFIC CAUSES 

Precipitating factors in  migraine 
- Dietary: alcohol, chocolate and cheese (contain tyramine). 
- Hormonal: often premenstrual or related to oral contraceptive (fluctuations in 

oestrogen). 
- Stress, physical fatigue, exercise, sleep deprivation and minor head trauma. 

Diagnosis 
Clinical history with - occasional positive family history 

- travel sickness or migraine variants (abdominal pains) in childhood 
- onset in childhood, adolescence, early adult life or menopause 

Distinguish from: - partial (focal) epilepsy (in hemiplegic or hemisensory migraine) 
- aneurysm compressing I11 cranial nerve (in ophthalmoplegic 

migraine) 
- transient ischaemic attack (in hemiplegic or hemisensory migraine) 
- arteriovenous malformation - gives well localised but chronic 

headache 
- hypoglycaemia 

Management 
(i) Identification and avoidance of precipitating factors 
(ii) Prophylaxis: use only for frequent and severe attacks 

Pizotifen (5HT2 receptor blocker) 
Propranolol (beta adrenergic receptor blocker) 
Methysergide (5HTz receptor blocker) - use with caution in view of side effects, e.g. 

retroperitoneal fibrosis. 
In resistant cases, use calcium antagonists, antidepressants and anticonvulsants. 

(iii) Treatment of an acute attack: 
Simple analgesics (e.g. aspirin) with metoclopramide to enhance reduced absorbtion 

during an attack. 
Sumatriptan (a selective 5HT1 agonist) - effectively reverses dilatation in extracranial 

vessels. Given orally or subcutaneously. 
Ergotamine - widespread action on 5HT receptors reversing dilatation. Give orally or 

by inhalation, injection or by suppository. 
Methylprednisolone i.m. or i.v. will halt the attack when prolonged (status 

migrainosus). 

CLUSTER HEADACHES (Histamine cephalgia o r  migrainous neuralgia) 
Cluster headaches occur less frequently than migraine, and more often in men than 
women, with onset in middle age. 
Characteristics: Severe unilateral pain around one eye, associated with conjunctival 
injection, lacrimation, rhinorrhea and occasionally a transient Horner's syndrome. 
Duration: 10 minutes to 2 hours. 
Frequency: Once to many times per day, often wakening from sleep at night. 'Clusters' of 
attacks separated by weeks or even many months. Alcohol may precipitate the attacks. 
Mechanism: Serum histamine levels rise during the attacks, hence 'histamine cephalgia'. 
Treatment: Antihistamines give disappointing results. Ergotamine and sumatriptan may 
give relief. Use prednisolone 30 mgs daily in refractory cases. For prevention, use 

68 methysergide, calcium channel blockers or lithium carbonate. 



I CLINICAL PRESENTATION, ANATOMICAL CONCEPTS AND DIAGNOSTIC APPROACH 

HEADACHE - SPECIFIC CAUSES 

POST-TRAUMATIC HEADACHE 
A 'common migraine' or 'tension-like' headache may arise after head injury and accompany 
other symptoms including light-headedness, irritability, difficulty in concentration and in 
coping with work. Although once thought to have a purely 'psychological' origin, especially 
with impending, litigation, it is now recognised that injuries severe enough to cause loss of 
consciousness or a period of post-traumatic amnesia result in some neuronal damage and 
abnormalities of evoked responses. A headache similar to migraine can occur after neck 
injury and responds to propranolol. 

Treatment: As for tension headache. 

GIANT CELL (TEMPORAL) ARTERITIS 
Giant cell arteritis, an autoimmune disease of unknown 
cause, presents with headache in the elderly. This is 
severe and throbbing in nature and overlies the involved 
vessel - usually the superficial temporal artery, although 

I the condition may affect any extra-or intracranial 
vessel. 
Palpation reveals a thickened, tender, but nonpulsatile artery. - -" - 

I 
Neurological symptoms: strokes, hearing loss, myelopathy and neuropathy may result. 
Jaw claudication: pain when chewing or talking due to ischaemia of the masseter muscles is 
pathognomonic and occurs in a high proportion of patients. 
Visual symptoms are common with blindness (transient or permanent) or diplopia. 

I Associated systemic symptoms - weight loss, lassitude and generalised muscle aches - 
polymyalgia rheumatica in one-fifth of cases. 
Duration: the headache is intractable, lasting until treatment commences. 

Mechanism: 
Large and medium-sized arteries undergo intense 'giant 
cell' infiltration, with fragmentation of the lamina and 
narrowing of the lumen, resulting in distal ischaemia as 
well as stimulating pain sensitive fibres. Occlusion of 
important end arteries, e.g. the ophthalmic artery, may 
result in blindness; occlusion of the basilar artery 
may cause brain stem or bilateral occipital infarction. Thickened wall with giant cell 

infiltrate 

Diagnosis: ESR usually high. Blood film shows anaemia or thrombocytosis. C-reactive 
protein and hepatic alkaline phosphatase elevated. Biopsy of 1 cm length of temporal artery 
is often diagnostic. 

Treatment: Urgent treatment, prednisolone 60 mg daily, prevents visual loss or brain- 
stem stroke, as well as relieving the headache. If complications have already occurred e.g. 
blindness, give parenteral high dose steroids. Monitoring the ESR allows gradual reduction 
in steroid dosage over several weeks to a maintenance level, e.g. 5 mg daily. Most patients 
eventually come off steroids; 25% require long-term treatment and if so, complications 
commonly occur. 69 
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HEADACHE - SPECIFIC CAUSES 

HEADACHE FROM RAISED INTRACRANIAL PRESSURE 

Characteristics: 
- generalised. 
- aggravated by bending or coughing. 
- worse in the morning on awakening; may awaken 
patient from sleep. 
- the severity of the headache gradually progresses. 
Associated features: 
- vomiting in later stages. 
- transient loss of vision (obscuration) with sudden 
change in posture. 
- eventual impairment of conscious level. 
Management: further investigations are essential - C T  or MRI 

HEADACHE DUE TO INTRACRANIAL HAEMORRHAGE 

Characteristics: 
- instantaneous onset. 
- severe pain, spreading over the vertex to the occiput, 
or described as a 'sudden blow to the back of the head'. 
- patient may drop to knees or lose consciousness. 
Associated features: 
- usually accompanied by vomiting. 
- focal neurological signs suggest a haematoma. 
Management: further investigation - C T  scan/lumbar 
puncture (see Meningism, page 71). 

NON-NEUROLOGICAL CAUSES OF HEADACHE 

Local causes: 
Sinuses:Well localised. Worse in morning. Affected by posture, e.g. bending. 

X-ray - sinus opacified. Treatment - decongestants or drainage. 
Ocular: Refraction errors may result in 'muscle contraction' headaches - resolves when 

corrected with glasses. 
Glaucoma does not produce headache without other symptoms, e.g. misting of 
vision, 'haloes'. Cupping seen on fundoscopy. 

Dental disease: Discomfort localised to teeth. Check for malocclusion. 
Check temporomandibular joints. 

Systemic causes: 
Headache may accompany any febrile illness or may be the presenting feature of 
accelerated hypertension or metabolic diesase, e.g. hypoglycaemia, hypercalcaemia. 

Many drugs produce headache 
- through vasodilatation e.g. bronchodilators, antihistamines 
- on withdrawal e.g. amphetamines, benzodiazepines, caffeine. 
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MENINGISM 

Evidence o f  meningeal irritation caused by  infection or subarachnoid haemorrhage results 
in characteristic clinical features: 

SYMPTOMS 1.  Headache 
2. Vomiting 
3. Photophobia 

SIGNS 

Neck stiffness 

INVESTIGATION 

. . .., I 

I '  * 8' 

I I 

Kernig's sign: I ,  , I 

stretching nerve 
roots by extending 
the knee causes 
pain. 

"1 

Clinical features 
_I of meningism 

\ 
No clinical evidence 
of a mass lesion 

Clinical evidence of a mass 
lesion (papilloedema, 

(alert, no focal signs, focal neurological signs, 
no papilloedema) impaired conscious level) 

i 
Lumbar +- No mass lesion 

A' 

puncture or evidence of 
haemorrhage 

TWBC count >5 cells/mm3 
-- or 
if traumatic tap 
fWBC:RBC ratio 
(normal <1:500) 

Xanthochromia or 
uniformly bloodstained 
CSF 

i 
CT scan 

(INFECTION I SUBARACHNOID HAEMORRHAGE 
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RAISED INTRACRANIAL PRESSURE 

The skull is basically a rigid structure. Since its contents - brain, blood and cerebrospinal 
fluid (CSF) - are incompressible, an increase in one constituent or an expanding mass 
within the skull results in an increase in intracranial pressure (ICP) - the 'Monro-Kellie 
doctrine'. 

Skull - rigid CAUSES OF RAISED ICP 
(except in infants 
- f ICP causes suture 
diastasis) 

Expanding mass 

lncrease in brain 

Extracellular fluid - - - - - - - - -  - ..----- water content 

,/ lncrease in cerebral 
od volume (CBV) 

- vasodilatation 
- venous outflow 
obstruction. 

100-150 ml 100-150 ml 

lncrease in CSF 
- impaired absorption 
- (excessive secretion 

Diagrammatic rare) 
representation of 
intracranial contents Lumbar 

CSF -- 

Compensatory mechanisms for an expanding intracranial mass lesion: 

1. 1 CSF volume - CSF outflow to the lumbar theca - Immediate { 
2. 1 Cerebral blood volume 

- Delayed - 3. 1 Extracellular fluid 
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RAISED INTRACRANIAL PRESSURE 

CEREBROSPINAL FLUID (CSF) 
Secreted at a rate of 500 ml per day from the choroid plexus, CSF flows through the 
ventricular system and enters the subarachnoid space via the 4th ventricular foramina of 
Magendie and Luschka. 

Under normal conditions, CSF 
flows freely through the 
subarachnoid space and is absorbed 
into the venous system through the 
arachnoid villi. If flow is obstructed ventricle 
at any point in the pathway, 
hydrocephalus with an associated rise Foramen 

in intracranial pressure develops, as a 
result of continued CSF production. 
With an expanding intracranial mass 
lesion, normal pressure is initially 
maintained by CSF expulsion to the ventricle 

expandable lumbar theca. Further 
expansion and subsequent brain shift 
may obstruct the free flow of CSF 
not only to the lumbar theca but also and Magendie 
to the arachnoid villi, causing an 

I acute rise in intracranial pressure. 

I BRAIN WATERIOEDEMA 
Cerebral oedema - an excess of brain water - may develop around an intrinsic lesion 

I within the brain tissue, e.g. tumour or abscess or in relation to traumatic or ischaemic 
I brain damage, and contribute to the space-occupying effect. 

Different forms of cerebral oedema exist: 

Vasogenic: excess fluid (protein rich) passes 
through damaged vessel walls to the extracellular 
space - especially in the white matter. The 
extracellular fluid gradually infiltrates throughout 
normal brain tissue towards the ventricular CSF 
and this drainage route may aid clearance. E.g. 
adjacent to tumour. 

Cytotoxic: fluid accumulates within cells - neurons 
and glia i.e. intracellular. E.g. toxic or metabolic 

Interstitial: when obstructive hydrocephalus 
develops, CSF is forced through to the 

Ventricular CSF extracellular space especially in the periventricular 
white matter. 

With ischaemic damage, as cell metabolism fails, intracellular ~ a +  and ca2+ increase and 
the cells swell i.e. cytotoxic oedema. Capillary damage follows and vasogenic oedema 
supervenes. 73 
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RAISED INTRACRANIAL PRESSURE 

CEREBRAL BLOOD FLOW (CBF)/CEREBRAL BLOOD VOLUME (CBV) 
Blood flow is dependent on blood pressure and the vascular resistance: 

Flow = 
Pressure 

Resistance 

Inside the skull, intracranial pressure must be taken into account: 

Cerebral perfusion pressure (CPP) 
(i.e. systemic BP - intracranial pressure) 

Cerebral blood flow (CBF) = 
Cerebral vascular resistance (CVR) 

Under normal conditions the cerebral blood flow is coupled to the energy requirements 
of brain tissue. Various regulatory mechanisms acting on the arterioles maintain a cerebral 
blood flow sufficient to meet the metabolic demands. 

FACTORS AFFECTING THE CEREBRAL VASCULATURE 

Chemoregulation 
- Change in extracellular pH or an accumulation of metabolic by-products directly affects 

the vessel calibre. 
- Any change in arteriolar PC02  has a direct effect on cerebral vessels, but only a 

reduction of PO2 to < 50 mmHg has a significant effect. 

Autoregulation 
- A change in the cerebral perfusion pressure results in a compensatory change 
in vessel calibre. 

I Tmetabolic by-products I 

CEREBRAL VASOCONSTRlCTlON 

(chemoregulation) / (chemoregulation) 

\ / \ 
fextracellular pH 

CEREBRAL VASODILATATION 

?Cerebral 
perfusion 

Any change in blood vessel diameter results in considerable variation in cerebral blood volume 
and this, in turn, directly affects intracranial pressure. 

Energy requirements differ in different parts of the brain. T o  meet such needs in the 
white matter, flow is 20 m1/100 g/min, whereas in the grey matter flow is as high as 100 

74 m1/100g/min. 
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RAISED INTRACRANIAL PRESSURE 

Autoregulation fails when the 
t Low BP or High BP - 

cerebral perfusion pressure falls below high ICP 
60 mmHg or rises above 160 mmHg. At 
these extremes, cerebral blood flow is Cerebral perfusion pressure (BP-ICP) 

CEREBRAL BLOOD FLOW (contd) 
Autoregulation is a compensatory mechanism which permits fluctuation in the cerebral 
perfusion pressure within certain limits without significantly altering cerebral blood flow. 

A drop in cerebral perfusion pressure 
produces vasodilation (probably due to 
a direct 'myogenic' effect on the AUTOREGULATION: CBF maintained 
vascular smooth muscle) thereby despite change in CPP 

more directly related to the perfusion 
pressure. 

In damaged brain (e.g. after head injury or subarachnoid haemorrhage), autoregulation is 
impaired; a drop in cerebral perfusion pressure is more likely to reduce cerebral blood flow 
and cause ischaemia. Conversely, a high cerebral perfusion may increase the cerebral blood 
flow, break down the blood-brain barrier and produce cerebral oedema as in hypertensive 
encephalopathy . 

maintaining flow; a rise in the cerebral 3 
I 0 

perfusion pressure causes = 
I vasoconstriction. u 

0 
0 - Neurogenic influences appear to I) - have little direct effect on the cerebral 2 

I vessels but they may alter the range of I) 2 
I pressure changes over which Q) 

I 
0 

autoregulation acts. 

INTRACRANIAL PRESSURE (ICP) 
Intracranial pressure, measured relative to the foramen of Monro, under normal conditions 
ranges from 0-135 mm CSF (0-10 mmHg) although very high pressures, e.g., 1000 mrn 
CSF may occur transiently during coughing or straining. 

/ % 

ICP mmHg 

0 '  
Volume + 

When a mass expands 
60 within the skull com- 

pensatory mechanisms 
initially maintain a - 40 --_ 
normal intracranial ----- 
pressure 20 

- .\ 

' Eventually further small 
, ,I increments in volume produce - larger and larger increments - in intracranial pressure 

- ,?-,---.* 
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RAISED INTRACRANIAL PRESSURE 

ICP (contd) 
When intracranial pressure is monitored with a ventricular catheter, regular waves due to 

pulse and respiratory effects are recorded (page 51). As an intracranial mass expands and as 
the compensatory reserves diminish, transient pressure elevations (pressure waves) are 
superimposed. These become more frequent and more prominent as the mean pressure 
rises. 

Eventually the rise in intracranial pressure and resultant fall in cerebral perfusion 
pressure reach a critical level and a significant reduction in cerebral blood flow occurs. 
Electrical activity in the cortex fails at flow rates about 20 m1/100 g/min. If autoregulation 
is already impaired these effects develop even earlier. When intracranial pressure reaches 
the mean arterial blood pressure, cerebral blood flow ceases. 

INTERRELATIONSHIPS 
Many factors affect intracranial pressure and these should not be considered in isolation. 
Inter-relationships are complex and feedback pathways may merely serve to compound the 
brain damage. 

venous pressure 

vasodilatation 

Damaged 
(Impaired Brain blood-brain 

reduction autoregulation) - damage 
- 

in CPP) barrier - 
llm2 
( ~ 5 0  m m  Hg) 

t 
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RAISED INTRACRANIAL PRESSURE 

CLINICAL EFFECTS OF RAISED INTRACRANIAL PRESSURE 
A raised ICP will produce symptoms and signs but does not cause neuronal damage 
provided cerebral blood flow is maintained. Damage does, however, result from brain shift 
- tentorial or tonsillar herniation. 
Clinical features due to f ICP: 
1. Headache - worse in the mornings, aggravated by stooping and bending. 
2. Vomiting - occurs with an acute rise in ICP. 
3. Papilloedema - occurs in a proportion of patients with fICP. It is related to CSF 

obstruction and does not necessarily occur with brain shift alone. 
Increased CSF pressure in the optic nerve sheath impedes venous 
drainage and axoplasmic flow in optic neurons. Swelling of the optic 
disc and retinal and disc haemorrhages result. Vision is only at risk 
when papilloedema is both severe and prolonged. 

BRAIN SHIFT - TYPES 

TENTORIAL HERNIATION (lateral): 
a unilateral expanding mass causes SUBFALCINE 'MIDLINE' SHIFT: occurs early 

tentorial (uncal) herniation as I with unilateral space-occupying lesions. 
the medial edge of the Seldom produces any clinical effect, 

lobe herniates through the although ipsilateral anterior cere- 

:s.:;!::!u"6, 
bra1 artery occlusion has been 

recorded. 
I 
I 

t 
to rise, 'central' 

! herniation follows. 

, TONSILLAR HERNIATION: a 
subtentorial expanding mass 
causes herniation of the 
cerebellar tonsils through , 

/ 
/ 

/ 

the foramen magnum. A 

I degree of upward herniation 
I 
I through the tentorial hiatus 

TENTORIAL HERNIATION 
(central): a midline 
lesion or diffuse 
swelling of the cerebral 
hemispheres results in a 

may also occur. Clinical 
effects are difficult to 
distinguish from effects of 
direct brainstemlmidbrain 
compression. 

vertical displacement of the 
midbrain and diencephalon through the tentorial hiatus. Damage to these structures occurs 
either from mechanical distortion or from ischaemia secondary to stretching of the perforating 
vessels. 

Unchecked lateral tentorial herniation leads to central tentorial and tonsillar herniation, 
associated with progressive brain stem dysfunction from midbrain to medulla. 77 
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R-AISED INTRACRANIAL PRESSURE 

CLINICAL EFFECTS OF BRAIN SHIFT 

TENTORIAL HERNIATION - Lateral The rate of symptom progression is 

The posterior cerebral artery is related to the rate of lesion expansion. 

sometimes occluded but the 
resultant homonymous hemianopia 
is rarely detected in the acute stage 

in the midbrain causes 
deterioration of conscious level 

Pressure from 
the edge of the 
tentorium cerebelli 
on the opposite 
cerebral peduncle 
(Kernohan's notch) may produc 
limb weakness on the same sid nucleus in the midbrain 

as the lesion i.e. 'false localising causes pupil dilatation and 
Internal 

sign' ''I nerve carotid failure to react to light. 
Ptosis and impaired eye 

artery 
(Optic nerves and chiasma movements are less easy to 

are not illustrated) detect due to the associated 
depression of conscious level. 

TENTORIAL HERNIATION - Central 

Diencephalon and midbrain damage from buckling 
and distortion and stretching of perforating vessels 

I /' causes: deterioration of 
Pressure on dorsal aspect I / conscious level. 
(pretectum and superior colliculi) Pupils initially small, 
impairs eye movements '. become moderately 
- upward gaze is initially lost ', dilated and fixed 

to light 

Central tentorial 
traction on pituitary herniation may progress 

stalk and hypothalamus may to tonsillar herniation ---- 

1 
cause diabetes insipidus 

78 
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RAISED INTRACRANIAL PRESSURE 

CLINICAL EFFECTS OF BRAIN SHIFT (cont'd) 

TONSILLAR HERNIATION 

A degree of upward cerebellar 
herniation is usually present 

rainstem pressure results in: 
- depression of conscious level. 
- respiratory irregularities- 

Tonsillar --- - --- respiratory arrest 
impaction in the 
foramen magnum produces 
neck stiffness and head tilt 

An injudicious lumbar puncture in the presence of a subtentorial mass may 

i create a pressure gradient sufficient to induce tonsillar herniation. 

I 
I N.B. Harvey Cushing described cardiovascular changes - an increase in blood pressure and 

a fall in pulse rate, associated with an expanding intracranial mass, and probably resulting 
from direct medullary compression. The clinical value of these observations is often 
overemphasised. They are often absent; when present they are invariably preceded by a 
deterioration in conscious level. 

INVESTIGATIONS 
Patients with suspected raised intracranial pressure require an urgent CT scan. 
Intracranial pressure monitoring where appropriate (see page 51). 

TREATMENT OF RAISED INTRACRANIAL PRESSURE 
When a rising intracranial pressure is caused by an expanding mass, or is compounded by 
respiratory problems, treatment is clear-cut; the mass must be removed and blood gases 
restored to normal levels - by ventilation if necessary. 

In some patients, despite the above measures, cerebral swelling may produce a marked 
increase in intracranial pressure. This may follow removal of a tumour or haematoma or 
may complicate a diffuse head injury. Artificial methods of lowering intracranial pressure 
may prevent brain damage and death from brain shift, but some methods lead to reduced 
cerebral blood flow, which in itself may cause brain damage (see page 80). 

Intracranial pressure is monitored with a ventricular catheter or surface pressure 
recording device (see page 50). 

Treatment may be instituted when the mean ICP is > 30 mmHg. 
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RAISED INTRACRANIAL PRESSURE 

TREATMENT (cont'd) 

Methods of reducing intracranial pressure 

Mannitol infusion: An i.v. bolus of 106 ml of 20% mannitol infused over 15 minutes 
reduces intracranial pressure by establishing an osmotic gradient between the plasma and 
brain tissue. This method 'buys' time prior to craniotomy in a patient deteriorating from a 
mass lesion. Mannitol is also used 6 hourly for a 24-43 hour period in an attempt to reduce 
raised ICP. Repeated infusions, however, lead to equilibration and a high intracellular 
osmotic pressure, thus counteracting further treatment. In addition, repeated doses may 
precipitate lethal rises in arterial blood pressure and acute tubular necrosis. Its use is 
therefore best reserved for emergency situations. 
Controlled hyperventilation: Bringing the PCOz down to 3.5kPa by hyperventilating 
the sedated or paralysed patient causes vasoconstriction. Although this reduces intracranial 
pressure, the resultant reduction in cerebral blood flow may in itself cause brain damage. 
Maintaining the blood presssure and the cerebral perfusion pressure (CPP) (>  70 mmHg) 
appears to be as, if not more, important than lowering intracranial pressure. Only by 
monitoring the amount of oxygen extracted from the brain can one determine whether or 
not the brain tissue can withstarid further vasoconstriction caused by hyperventilation (see 
page 227). 
CSF withdrawal: Removal of a few millilitres of CSF from the ventricle will immediately 
reduce the intracranial pressure. Within minutes, however, the pressure will rise and 
further CSF withdrawal will be required. In practice, this method is of limited value, since 
CSF outflow to the lumbar theca results in a diminished intracranial CSF volume and the 
lateral ventricles are often collapsed. Continuous CSF drainage may make most advantage 
of this method. 
Sedatives: If intracranial pressure fails to respond to standard measures then sedation may 
help under carefully controlled conditions. 
Propofol, a short acting anaesthetic agent, reduces intracranial pressure but causes systemic 
vasodilatation. If this occurs pressor agents may be required to prevent a fall in blood 
pressure and a reduction in cerebral perfusion. 
Barbiturates (thiopentone) reduce neuronal activity and depress cerebral metabolism; a fall 
in energy requirements theoretically protects ischaemic areas. Associated vasoconstriction 
can reduce cerebral blood volume and intracranial pressure but systemic hypotension and 
myocardial depression also occur. Clinical trials of barbiturate therapy have not demonstrated 
any improvement in outcome. 
Etomidate also provides cerebral protection by reducing cerebral metabolism and 
intracranial pressure without producing cardiodepression. I t  inhibits endogenous steroid 
synthesis, and therefore requires steroid cover. 
Steroids: There is no doubt that steroids play an important r61e in treating patients with 
intracranial tumours and surrounding oedema. Cell membranes are stabilised, but it is not 
certain that their beneficial effect in tumour management is a result of reducing ICP. 
Steroids appear to be of no value in the treatment of traumatic or ischaemic damage. 
Experimental evidence suggests that they may help if administered before the damage 
occurs, but clearly this is seldom of practical value. 
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COMA AND IMPAIRED CONSCIOUS LEVEL 

Consciousness is regarded as a state of awareness of self and surroundings. Impaired 
consciousness is due to disturbed arousal or content of mental function. 

Many pathological processes may impair conscious level and numerous terms have been 
employed to describe the various clinical states which result, including obtundation, 
stupor, semicoma and deep-coma. These terms result in ambiguity and inconsistency when 
used by different observers. Recording conscious level with the Glasgow coma scale (page 5 )  
avoids these difficulties and clearly describes the level of arousal. With this scale: 

COMA = NO SPEECH, NO EYE OPENING, NO MOTOR RESPONSE 

In this section we describe conditions which may present with, or lead to, coma. Patients 
experiencing 'transient disturbance of conscious level' require a different approach. 

Pathophysiology of coma 
A 'conscious' state depends on intact cerebral 
hemispheres, interacting with the ascending reticular 
activating system in the brain stem, midbrain, 
hypothalamus and thalamus. Lesions diffusely affecting 
the cerebral hemispheres, or directly affecting the 
reticular activating system cause impairment of 
conscious level: 

Diffuse hemisphere damage 

[Note: focal 
to part 

damage 
of the cortex 

amic involvement, 
c.9. aail u ~ y ~ d m a  

/ 
/. 

/ 

Supratentorial mass causing 
transtentorial herniation 

, fl and midbrain compression 

e.g. - trauma Bilateral thalamic involvement, 
- ischaemia e.g. astrocytoma 
- hypoglycaemia 

/ 
/. 

- hepatic or renal / 

failure 
Supratentorial mass causing 

transtentorial herniation 

* 
C- C , fl and midbrain compression 

[Note: focal damage 
to part of the cortex 
does not affect - Brain stem compression 
conscious level1 - directly from infratentorial 

mass lesion , 
/ - _ 

/ -. , --- 
/ --_ - or indirectly from 

Brain stem involvement ' - tonsillar herniation 

- ischaemia 
- haemorrhage 
- tumour 
- drugs (sedatives, hypnotics) 

v- - - - Brain stem compression 
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CAUSES 

INTRACRANIAL 
Trauma 

Diffuse white matter injury 
Haelmtoma - extradural 

- subdural 
- 'burst' lobe 

Neoplastic 
Tumour with oedema 

Other 
Epilepsy 
Hydrocephalus 

Vascular 
Subarachnoid haemorrhage 
'Spontaneous' intracerebral haematoma 
Cerebral infarct with oedema and 'shift' 
Brain stem infarction or haemorrhage 

Infective 
Meningitis 

Abscess 
Encephalitis 

EXTRACRANIAL 
Metabolic Endocrine 

Hypo/hypernatraemia I I Diabetes 
Hypo/hyperkalaemia Hypopituitarism 
Hypo/hypercalcaemia Adrenal crisis (Addison's disease) 
Hypo/hyperglycaemia Hypo/hyperparathyroidism 
Diabetic ketoacidosis Hypothyroidism 
Lactic acidosis 
Hypo/hyperthermia 
Uraemia Respiratory insufficiency 
Hepatic failure Hypoventilation 
Porphyria Diffusion deficiency 

Perfusion deficiency 
Hypercapnia Anaemia 
Hypoxia fi Reduced 

Arterial cerebral - Decreased cardiac output 
blood flow Vasovagal attack 

Vertebral artery disease Blood loss 
Bilateral carotid disease Valvular disease 

Myocardial infarction 
Drugs Cardiac arrhythmias 

Sedatives Hypotensive drugs 
Opiates 
Antidepressants Psychiatric disorders 
Anticonvulsants 

Hysteria 
Anaesthetic agents 

Catatonia (mutism with decreased motor 

Toxins activity) 
Alcohol Fugue states 
Carbon monoxide 

82 Heavy metals 
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COMA AND IMPAIRED CONSCIOUS LEVEL 

Examination of the unconscious patient (see pages 29, 30) 

DIAGNOSTIC APPROACH 
Questioning friends, relatives or the ambulance team, followed by general and neurological 
examination all provide important diagnostic information. 

History POSSIBLE CAUSE OF COMA/IMPAIRED 
CONSCIOUS LEVEL 

Head injury leading to admission Diffuse shearing injury andlor 
intracranial haematoma 

Previous head injury (e.g. 6 weeks) - Chronic subdural haematoma 
Sudden collapse c Intracerebral haemorrhage 

Subarachnoid haemorrhage 
Limb twitching, incontinence c Epilepsy/postictal state 
Gradual development of symptoms - Mass lesion, metabolic or infective cause 
Previous illness - diabetes Hypo- or (less likely) hyperglycaemia 

- epilepsy c Postictal state 
- psychiatric illness - Drug overdose 
- alcoholism Drug toxicity 

or drug abuse 
- viral infection w Encephalitis 
- malignancy w Intracranial metastasis 

General examination 
Note the presence of: 

Laceration, bruising, CSF leak + Head injury 
Internal auditory meatus - bleeding / 

PUS Cerebral abscesslmeningitis 
Enlarged head In infant - Raised intracranial pressure 
Tense anterior fontanelle 
Neck stiffness, retraction Tonsillar herniation 
Positive Kernig's sign 
Tongue biting 
\I Meningitis 

c Epilepsy/postictal state 
Emaciation, hepatomegaly, c Intracranial metastasis 

lymphadenopathy 
Infection source (ears, sinus, c Cerebral abscess, meningitis 

lungs, valvular disease) 
Pyrexia * Subarachnoid, intracerebral, 

pontine haemorrhage 
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COMA AND IMPAIRED CONSCIOUS LEVEL 

DIAGNOSTIC APPROACH (contd) 

General examination (contd) 
POSSIBLE CAUSE OF COMA/ 
IMPAIRED CONSCIOUS LEVEL 

Hypotension/blood loss - 
Cardiac arrhythmias - Reduced cardiac output + Cerebral ischaemia 
Valvular disease - Emboli 
Respiratory insufficiency -+ Anoxia 
Smell of alcohol 
2 

Alcohol abuse 
Needle marks on limbs Drug abuse 
'Snout' rash Solvent abuse 

Neurological examination 
Signs of raised intracranial pressure (ICP) 

- papilloedema 
- tense anterior fontanelle i Intracranial mass lesion 

(in infants) db Hydrocephalus 
Neurological signs 

- unilateral, dilated, fixed pupil Diffuse cerebral swelling, e.g. anoxia 
- bilateral dilated, fixed pupils Drugs - anticholinergics 

sympathomimetics 
) overdose 

- pinpoint pupils Drug - opiates 
parasympathomimetics 

Pontine haemorrhage 
- eye movements absent pupils fixed - Severe - trauma 
(spontaneous or reflex) / \ - ischaemia 

pupils - haemorrhage 
usually Drugs (transient effect) 
reacting Hypoxiclhepatic encephalopathy 

- asymmetric limb response Focal brain damage, e.g. 
(i.e. hemi/monoparesis) - tumour 

- trauma 
- haematoma 
- encephalitis 

N.B. - hepatic encephalopathy 
- hypoclycaemia - occasionally produce 
- uraemia asymmetrical responses I 

- Symmetrical limb responses 
- Reacting pupils --A suggest a metabolic encephalopathy 
- Full eye movements or drug toxicity 

- Subhyaloid/vitreous haemorrhage (on fundoscopy) - Subarachnoid haemorrhage 
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Investigations 
The sequence of investigations depends on clinical suspicion: 

Trauma 1 
Signs of raised I C P  Urgent 

/' 
(if negative) -4 LUMBAR PUNCTURE 

or focal neurological signs CT SCAN - CSF EXAMINATION 
Meningism (but see suspected 

meningitis, page 472) 

t 
(if negative) 

Suspected drug abuse 
or metabolic disease 
N o  signs of raised I C P  I '  METABOLIC SCREEN 
N o  meningism Urea and electrolytes 
N o  focal neurological signs Blood glucose - serum calcium 

Blood gases/PH - serum phosphate 
Drug screen If not - serum magnesium 
Liver function tests diagnostic -, - thiamine, B12 
Blood cultures - folic acid 

(if pyrexia) - serum amylase 
- serum cortisol 
- thyroid function 
- porphyrins 

In addition: 
SKULL X-RAY - may reveal an unsuspected fracture, pineal shift, calcification or an 
osteolytic lesion. 
CHEST X-RAY - may reveal a bronchial carcinoma. 
ELECTROENCEPHALOGRAPHY - may provide evidence of - subclinical epilepsy 

- herpes simplex 
encephalitis 

- metabolic 
encephalopathy. 

MRI - has a limited role in the investigation of coma. More sensitive than C T  scan in 
demonstrating small ischaemic changes and early encephalitis. 

Prognosis 
Although conscious level examination does not aid diagnosis, it plays an essential r61e in 
patient management and along with the duration of coma, pupil response and eye movements 
provides valuable prognostic information. Non-traumatic coma tends to carry a better 
prognosis (see page 210). 

85 



CLINICAL PRESENTATION. ANATOMICAL CONCEPTS AND DIAGNOSTIC APPROACH 

TRANSIENT LOSS OF CONSCIOUSNESS 

DIAGNOSTIC APPROACH 

Many conditions causing coma may also transiently affect a patient's conscious level. This 
results from: 

Reduction in cerebral arterial 

History 
The patient's own description of the attack or that of an eyewitness may establish the 
diagnosis. Prodromal features of pallor, nausea and sweating accompany vasovagal attacks. 
Clonic/tonic movements occur shortly after the onset of an epileptic 'grand mal' attack (but 
either movement can occur with a prolonged vasovagal attack or cardiac arrhythmia). 

Palpitations, sweating, behavioural disturbances and seizures may precede loss of 
consciousness from hypoglycaemia. Vertigo and scintillating teichopsia often precede basilar 
migraine. 

oxygen supply - cardiac arrhythmias 1 reduced - cardiac outflow 
cardiac obstruction 
output - vasovagal attack 

- vertebrobasilar ischaemia 

Neuronal suppression - basilar migraine 
- hypoglycaemia 

Neuronal excitation - epilepsy x 

Electroencephalography (EEG) may reveal a focal disturbance - epilepsy. 

; Clinical 
details - 
see page 95 

Electrocardiography (ECG) may reveal a cardiac arrythmia. 

Drug abuse - alcohol, solvents or barbiturates - may cause transient, intermittent confusion. 

Echocardiography may reveal cardiomyopathy. 

Blood glucose may indicate hypoglycaemia. 

If an eyewitness account and the above tests provide no evidence of the cause, proceed to: 

1.  Telemetric EEG and ECG monitoring over a 24-hour period. 
2. 72-hour fast - if symptoms appear, check blood glucose and insulin levels. 

Often attacks of unconsciousness remain unexplained and possibly have a psychological 
or attention-seeking basis. The circumstances of the attack (e.g. during an argument), the 
non-stereotyped nature of the episode and the lack of personal trauma with repeated falls 
all suggest a 'functional' non-organic explanation. 
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CONFUSIONAL STATES AND DELIRIUM 

Of all acute medical admissions, 5-10% present with a confused verbal  response, i.e. 
disorientation in time and/or place. Most patients are easily distracted, have slowed 
thought processes and a limited concentration span. Some may lose interest in the 
examination to the point of drifting off to sleep. 

Perceptual disorders (illusions and hallucinations) may accompany the confused state - 
delirium. This is often associated with withdrawal and lack of awareness or with 
restlessness and hyperactivity. 

Primary neurological disorders contribute to only 10% of those patients presenting with 
an acute confusional state. In the elderly, postoperative disorientation is particularly 
common and multiple factors probably apply; in these patients the prognosis is good. 

DIAGNOSTIC APPROACH 

I Acute disorientation ] -= 
- CT scan 
- lumbar puncture 

(if CT scan is negative 
or if no focal signs \ \ 
or signs of TICPI 

- electroencephalography 

\ 
- drug screen 
- serum toluene 
- serum alcohol 

[N.B. A minor infection 
or change in environment 
superimposed on Alzheimer's 
disease may result 
in acute disorientation] 

Nutritional 

- thiamine 
- 812 
- folic acid 

- urine 
- chest X-ray 
- blood cultures 

- urea and electrolytes 
- blood glucose 
- blood gases/PH 
- liver function tests 
- serum calcium 

and phosphate 
- magnesium 

- amylase 

- porphyrins 
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EPILEPSY 

Definitions 
A seizure or epileptic attack is the consequence of a paroxysmal uncontrolled discharge of 
neurons within the central nervous system. The  clinical manifestations range from a major 
motor convulsion to a brief period of lack of awareness. 

The  prodrome refers to mood or behavioural changes which may precede the attack by 
some hours. 

The  aura refers to the symptom immediately before a seizure and will localise the attack 
to its point of origin within the nervous system. 

The  ictus refers to the attack or seizure itself. 
The  postictal period refers to the time immediately after the ictus during which the 

patient may be confused, disorientated and demonstrate automatic behaviour. 
The  stereotyped and uncontrollable nature of the attack is characteristic of epilepsy. 

Pathogenesis 
Epilepsy has been described since ancient times. The  19th century neurologist Hughlings- 
Jackson suggested 'a sudden excessive disorderly discharge of cerebral neurons' as the 
causation of the attack. Berger (1929) recorded the first electroencephalogram (EEG) and 
not long after, it was appreciated that certain seizures were characterised by particular 
EEG abnormalities. 

Recent studies in animal models of focal epilepsy suggest a central role for the excitatory 
neurotransmitter glutamate. This produces a depolarisation shift by activating receptors 
which in turn facilitate cellular influx of ~ a + ,  Kt and c a 2 + .  Gamma amino butyric acid 
(GABA) has an important inhibitory influence in containing abnormal cortical discharges 
and preventing the development of generalised seizures. 

All humans have a biological tendency to seizures and genetic factors play a role in 
susceptibility. 

Incidence and course 
Epilepsy usually presents in childhood or adolescence but may occur for the first time at 
any age. 

5% of the population suffer a single seizure at some time. 

70% - well controlled with drugs with 
0.5% of the population / few seizures and prolonged 
have recurrent seizures remissions 

30% - epilepsy at least partially 
resistant to drug treatment. 

Though there is considerable variability depending on seizure type, 6 years after diagnosis 
40% of patients have had a substantial remission; after 20 years - 75%. 

EPILEPSY IS  A SYMPTOM OF NUMEROUS DISORDERS, BUT IN THE 
MAJORITY OF SUFFERERS THE CAUSE REMAINS UNCLEAR DESPITE 

I 88 CAREFUL HISTOR Y TAKING, EXAMINATION AND INVESTIGATION. 
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EPILEPSY - CLASSIFICATION 

The modern classification of the epilepsies is based upon the nature of the attack rather 
than the presence or absence of an underlying cause. The use of the electroencephalogram 
(EEG) has greatly increased our understanding of the source of 'point of origin' of any 
particular type of epileptic attack. 

Attacks which begin focally from a single location within one hemisphere are thus 
distinguished from those of a generalised nature which probably commence in deeper 
midline structures and project to both hemispheres simultaneously. 

INTERNATIONAL CLASSIFICATION OF EPILEPTIC 
SEIZURES (I.C.E.S. 1981) 

1 PARTIAL (focal, local) SEIZURES 
Focal EEG abnormality 

I 

A. Simple partial seizures * .*----< 
- motor -- 
- sensory , 

I 

%-* 

B. Complex partial seizures 
(when partial seizure is 
accompanied by any 
degree of impaired 
conscious level) Focal +generalised 

EEG abnormality 

C. Partial seizures evolving 
- 

to tonic/clonic convulsion 

4 - 
2 GENERALISED SEIZURES (convulsive or non-convulsive) 

Generalised 

A. Absences 
B. Myoclonic seizures 
C. Clonic seizures 
D. Tonic seizures 
E. Tonic/clonic seizures 
F. Atonic seizures 

3 UNCLASSIFIED SEIZURES, e.g. Some neonatal seizures 
Rhythmic eye movement disorders 
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THE PARTIAL SEIZURES 

Partial seizures account for 8O0/0 of adult epilepsies. 

SIMPLE MOTOR SEIZURES 
These arise in the frontal motor cortex 

with movements occurring in contralateral 
face, trunk or limbs. 

The Jacksonian motor seizure consists of 

, a 'march' of involuntary movement from one 
\ muscle group to the next. 
, Movement is clonic (shaking) and usually 

begins in hand or face - these having the 

1 
' largest representative cortical area. 

Motor cortex 
EYELID ,' Motor seizures with the above 'march' are (precentral gyrus of 

frontal lobe in FACE 
" quite rare, usually they are less localised, 

cerebral cortex) involving many muscle groups 
simultaneously and are tonic (rigid) or clonic. 

After a motor seizure the affected limb(s) 
may remain weak for some hours before 
return of function occurs - Todd's 
paralysis. 

Adversive seizures 

The patient is aware of movement of the head. 
Attacks often progress to loss of consciousness 
and tonic/clonic epilepsy. 

The patient's eyes and head turn away from 
the site of the focal origin usually in the 
supplementary motor cortex of the frontal lobe 
with involvement of the frontal 'gaze centre'. 

"+a., Some doubt the localising value of such an 
C attack. 

SIMPLE SENSORY SEIZURES 
These arise in the sensory cortex, the patient describing paraesthesia or tingling in an 
extremity or on the face sometimes associated with a sensation of distortion of body image. 
A 'march' similar to the Jacksonian motor seizure may occur. Motor symptoms occur 
concurrently - the limb appears weak without involuntary movement. 

The representation of limbs, trunk, etc. in the post-Rolandic sensory cortex is similar to 
that of the motor cortex. 

VISUAL, AUDITORY and AUTONOMIC simple partial seizures occur, but are rare. 

Motor and sensory seizures indicate structural brain disease, the focal onset 

90 
localising the lesion. Full investigation is mandatory. 
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THE PARTIAL SEIZURES 

COMPLEX PARTIAL SEIZURES 

These attacks usually originate within the temporal lobe and are characterised by a 
complex aura (initial symptom) and some impairment of consciousness. 

Complex partial seizures are generally 
synonymous with psychomotor 
epilepsy and temporal lobe 

INFERIOR HORN OF epilepsy (though motor, sensory and 
LATERAL VENTRICLE 

other partial seizures can be associated 
with impaired consciousness when 
propagated through the temporal lobe - 
extratemporal complex partial seizures). 

The seizure origin lies in the medial 
part of the temporal lobe, hippocampus 

' ,  or lateral surface of the lobe. 

Coronal section through the pons showing medial 
aspect of the temporal lobe and hippocampus 

The nature of the attack 
The content of attacks may vary in an individual patient. Commonly encountered 
symptoms include: 

I 
Visceral disturbance: Gustatory (taste) and olfactory (smell) hallucinations, lip smacking, 

epigastric fullness, choking sensation, nausea, pallor, pupillary changes (dilatation), 
tachycardia. 

Memory disturbance: Deja vu ('something has happened before'), jamais vu ('feeling of 
unfamiliarity'), depersonalisation, derealisation, flashbacks, formed visual or auditory 
hallucinations. 

Motor disturbance: Fumbling movement, rubbing, chewing, semi-purposeful limb 
movements. 

Affective disturbance: Displeasure, pleasure, depression, elation, fear. 

I A constellation of these symptoms associated with subtle clouding of consciousness 
I characterises a complex partial seizure. 

AUTOMATISM occurs during the state of clouding of consciousness either during or 
after the attack (postictal) and takes the form on involuntary, often complicated, motor 
activity. In ambulatory automatism, subjects may 'wander off. 

Confusion and headache after an attack are common. The whole episode may last for 
seconds but occasionally may be prolonged and a rapid succession or cluster of attacks may 
occur. Attacks show an increased incidence in adolescence and early adult life. A history of 
birth trauma or febrile convulsions in infancy may be obtained. Lesions in the 
hippocampus occur as a result of anoxia or from the convulsion itself and act as a source of 
further epilepsy. When surgery is carried out, hippocampal sclerosis is often found. 
Occasionally other pathologies are identified, such as hamartomas, vascular malformations 
and low-grade malignant astrocytomas. 91 
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PARTIAL SEIZURES EVOLVING TO 
TONIC/CLONIC CONVULSION 

Seizure discharges have the capacity to spread from their point of origin and excite other 
structures. When spread occurs to the subcortical structures (thalamus and upper reticular 
formation) their excitation releases a discharge which spreads back to the cerebral cortex 
of both hemispheres, resulting in a tonic/clonic seizure. This chain of events is reflected 
in the electroencephalogram (EEG). 

The symptoms before 
the tonic/clonic convulsion 

- 
give a clue to the site of the 
initial discharge (simple 
partial or complex partial). 

An eyewitness account is 

- 
important because retrograde 

v 
amnesia may prevent recall 
of the onset. 

TONIC/CLONIC ATTACKS 
Loss of consciousness; 
falls to the ground. 1 .  Tonic phase (10 seconds) 

I/ Eyes open. Elbows flexed. 

Arms pronated. Legs extended. 
Teeth clenched. Pupils dilated. 
Breath held - cyanosis. 
Bowellbladder control may be 
lost at the end of this phase. 

2. Clonic phase (1-2 minutes) - -c 
Tremor gives way to violent 

generalised shaking. 
Eyes roll backwards and forwards. 
Tongue may be bitten. Tachycardia 
develops. Breathing recommences 
at end of phase. 

The patient then sleeps with stertorous respiration and cannot be roused. On regaining 
consciousness, confusion and headache are present. He may feel exhausted for hours or 
even days afterwards. Muscles may ache as a result of violent movement and muscle 
damage occurs with elevation of the muscle enzyme creatinine phosphokinase (CPK). 
Trauma occurs frequently, either as a result of the fall, or as a result of the movements, 
e.g. posterior dislocation of the shoulder. Very rarely sudden death may occur from 
inhalation or an associated cardiac arrhythmia. 

92 The differentiation of these attacks from hysteria will be discussed later. 
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GENERALISED SEIZURES 

Generalised seizure attacks arise from subcortical structures and involve both hemispheres. 
Consciousness may be impaired and motor manifestations are bilateral. 

ABSENCES(SYN: Petit mal )  
Onset usually in childhood (between 4 and 12 years of age). Family history 

in 40% of patients. 
The absence may occur many times a day with a duration of 5-15 seconds. 
The patient stares vacantly, eyes may blink and myoclonic jerks occur. 
Attacks may be induced by hyperventilation. 
Frequent episodes lead to falling off in scholastic performance. 
Attacks rarely present beyond adolescence. 
In 30% of children, adolescence may bring tonic/clonic seizures (Grand mal). 
Distinction of absences from complex partial seizures is easy; the latter are longer - 30 

seconds or more - and followed by headache, lethargy, confusion and automatism. 

The ELECTROENCEPHALOGRAM (EEG) is diagnostic. 
per second spike and 

wave activitv occurs in 
all leads, persisting as 
long as the seizure. . . .  
Hyperventilation evokes 
this appearance during 
recording. 
Similarly, photic 
stimulation - flashing a 
light in both eyes - may 
produce spike and wave 
discharge. 

SECONDS 

PETIT MAL STATUS 
Long periods of clouding of consciousness with continuing 'spike and wave' activity on the 

I 
EEG. 

MYOCLONIC SEIZURES 

i Sudden, brief, generalised muscle contractions. They often occur in the morning and are 
occasionally associated with tonic/clonic seizures. The commonest disorder is benign 
juvenile myoclonic epilepsy (JME) with onset after puberty. Myoclonus also occurs in 
degenerative and metabolic disease (see page 186). 

TONIC SEIZURES 
Sudden sustained muscular contraction associated with immediate loss of consciousness. 

Tonic episodes occur as frequently as tonic/clonic episodes in children and should alert 
the physician to a possible anoxic aetiology. 

In adults, tonic attacks are rare. 
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GENERALISED SEIZURES 

TONIC/CLONIC SEIZURES (SYN: Grand mal) 
It is the absence of a focal onset which may distinguish this primary generalised seizure 
from that evolving from a partial seizure. 

The epileptic cry must not be confused with a seizure of focal onset. This results from 
tonic contraction of respiratory muscles with partial closure of vocal cords. The tonic phase 
is associated with rapid neuronal discharge. The clonic phase begins as neuronal discharge 
slows. 
The EEG during an attack is, not 
surprisingly, marred by movement 
artefact. 10-14 Hz spike 
activity may be seen. 
When the seizure ends, the record 
may be 'silent' and then gradually 
picks up. Slow rhythm may persist 

M 
for some hours - postictal changes. 

The record between attacks may 
be normal or slow with occasional sEcONDS 
clinically silent bursts of seizure, 
activity. \ \ 

\ \ 
Again, hyperventilation or photic 

'u 
stimulation may bring out abnormalities. --+P-"-" * 

SECONDS 

ATONIC SEIZURES 
These are characterised by a loss of muscle tone and a sudden fall. Consciousness may only be lost briefly. The 
EEG shows polyspike activity or low voltage fast activity. 

UNCLASSIFIED SEIZURES 

West Syndrome 
Infants present with diffusely abnormal EEGs, tonic clonic convulsions, myoclonic jerks and mental retardation 
following perinatal trauma or asphyxia. The seizures are sometimes called infantile spasms and the abnormal EEG 
pattern between events - hypsarrhythmia. Mortality or severe disability is high. 

Lennox-Gastaut Syndrome 
This similar syndrome presents later between 1-7 years of age. The response to anticonvulsant treatment and the 
degree of retardation is variable. The condition is associated with a large number of disorders including hypoxia, 
intracranial haemorrhage, toxoplasmosis, cytomegalovirus infection and tuberous sclerosis. 

The REFLEX EPILEPSIES are a rare group of seizure disorders in which tonic/clonic or complex partial 
seizures are evoked by sensory stimuli. A primary generalised seizure induced by photic stimulation may be 
regarded as a reflex epilepsy, but the term is usually reserved for: 
1. Musicogenic epilepsy in which certain musical themes or tones 'trigger' seizures. 
2. Reading epilepsy in which reading a passage will evoke involuntary jaw movements followed by a seizure. 

94 3. Arithmetical epilepsy in which performing calculations will 'trigger' seizures. 
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EPILEPSY - DIFFERENTIAL DIAGNOSIS 

The  following should be considered in the differential diagnosis of epilepsy - 
SYNCOPE (VASOVAGAL) ATTACKS 
These attacks occur usually when the patient is standing and result from a global reduction 
of cerebral blood flow. 

Prodromal pallor, nausea and sweating occur; if the patient sits down, the attack may 
pass off or proceed to a brief loss of consciousness. 

Tonic and clonic movements may develop if impaired cerebral blood flow is prolonged 
('anoxic' seizures). 
Mechanism: Peripheral vasodilatation with drop in blood pressure followed by vagal 
overactivity with fall in heart rate. 

Syncopal attacks occur in hot, crowded rooms (e.g. classroom) or in response to pain or 
emotional disturbance. 

'Reflex' syncope from cardiac slowing may occur with carotid sinus compression. 
Similarly, cough syncope may result from vigorous coughing. 
CARDIAC ARRHYTHMIAS 
Seen in situations such as complete heart block (Adarns-Stokes attacks). 

Prolonged arrest of cardiac rate or critical reduction will progressively lead to loss of 
consciousness - tonic jerks - cyanosis/stertorous respiration - fixed pupils and extensor 
plantar responses. 

On recovery of normal cardiac rhythm, the degree of persisting neurological damage 
depends upon the duration of the episode and the presence of pre-existing cerebrovascular 
disease. In suspected patients, electrocardiography is mandatory. Continuous (24 hours) 
ECG monitoring may be necessary. 

I MIGRAINE 

The slow evolution of focal hemisensory or hemimotor symptoms in complicated migraine 
contrasts with the more rapid 'spread' of such manifestations in simple partial seizures. 
Basilar migraine may produce a transient loss of consciousness. 
HYPOGLYCAEMIA 
Amongst other neuroglycopenic manifestations, seizures or intermittent behavioural 
disturbances may occur. A rapid fall of blood sugar is associated with symptoms of 
catecholamine release, e.g. palpitations, sweating, etc. In 'atypical' seizures exclude a 
metabolic cause by blood sugar estimation when symptomatic. 

I EPISODIC CONFUSION 
Intermittent confusional episodes caused by drugs (e.g. barbiturates) or toxins (e.g. 

I 
I 
I solvents). 
I PANIC ATTACKS Hyperventilation can induce focal sensory symptoms. ~ NARCOLEPSY 

Inappropriate sudden sleep episodes may easily be confused with epilepsy (see page 103). 
PSEUDOSEIZURES (non epileptiform seizures) 
A difficult distinction lies between genuine epilepsy and attention seeking, hysterical or 
malingering episodes in which violent shaking and feigned loss of consciousness occurs. 
Often true epileptics will also manifest such attacks. Patients are usually suggestible, 
manipulative and with personality disorder. Many affected women have histories of sexual 
exploitation. EEG studies, serum prolactin and muscle enzyme studies may help 
discriminate. 
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EPILEPSY - CAUSATION 

Epilepsy is often a symptom of disease rather than a disease itself. The  approach to 
investigation depends on knowledge of potential causes: 

2% Drugs & alcohol 

4% Congenital disorders 
5% Head traun~a 

5% Vascular disease 

5% CNS infection 

Where no obvious cause is found there is often an increase in 'risk factors' - family history, 
febrile convulsion or difficult delivery. 

Partial seizures with or without secondary generalisation 
Age of onset gives a clue to causation. Each list is in order of frequency. 

Newborn Infancy Childhood 
Asphyxia Febrile convulsions Trauma 
lntracranial haemorrhage CNS Infection CNS Infection 
Hypocalcaemia Trauma Arteriovenous malformations 
Hypoglycaemia Congenital defects Congenital defects 
Hyperbilirubinaemia Inborn errors of metabolism Tumours 
Water intoxication 
Inborn errors of metabolism 
Trauma 

Adolescence and early adulthood Late Adult 
Trauma Drugs and alcohol 
CNS Infection Trauma 
Tumours Neoplasms 
Arteriovenous malformation Vascular disease 
Drugs and alcohol Degenerative disease 

CNS infection 

Other general or systemic disorders may be associated with seizures e.g. metabolic disease 
and collagen vascular disorder. Seizures may rarely occur in multiple sclerosis. Some drugs 
may cause seizures. Antidepressants, antipsychotics, sympathomimetics, antineoplastics and 
certain general anaesthetic agents have all been incriminated. 

Generalised epilepsies 
There appears to be no clearly definable cause. Genetic factors play a role; concordance in 
monozygote twins is 75% for petit mal. An autosomal dominant gene would appear 
responsible for spike and wave abnormalities seen in the EEGs of parents and siblings of 
patients with generalised epilepsy. The  defect is assumed to be metabolic though its nature 
is unknown. 
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EPILEPSY - INVESTIGATION 

With an incidence of 0.5% in the population, selectivity in investigation is often necessary. 
C T  scanning is not always routinely available. 

The concern of the clinician is that epilepsy may be symptomatic of a treatable cerebral 
lesion. Investigations serve to define a cause and to aid diagnosis in difficult cases. 

Routine Investigations 
Haematology 
Biochemistry (electrolytes, 

urea and calcium) 
Chest X-ray 
Electroencephalogram (EEG) 

C T  or MRI should always be performed when 
seizures are: 
- late in onset 
- partial in type 
- refractory in nature (to drug treatment) 
- associated with abnormal 

clinical signs 
or when epilepsy presents as status epilepticus 

In doubtful cases the diagnosis should be deferred rather than labelling the patient 
'epileptic'. 

I 

I 
Specialised neurophysiological investigations 
Indicated if attacks of unconsciousness are frequent or persistent and the diagnosis remains 
unclear. 

Sleep deprived electroencephalography (EEG). 
'Activated' EEG recording with procyclidine or other drugs. 
Telemetric EEG recording over 24-48 hours often combined 

I with video recording of the patients (split screen display). 

i These investigations may reveal 'diagnostic' epileptic discharges or confirm non- 
epileptiform seizures. 

Advanced investigations 
These are reserved for cases of intractable epilepsy where surgery is considered. 

Telemetric, sphenoidal, foramen ovale and intraoperative EEG recording. 
Magnetic resonance imaging may display low grade gliomas, hamartomas, neuronal 
migration disorders or mesial temporal sclerosis, lesions often missed on C T  scanning. 

I 

Positron emission tomography (PET) or single photon emission computed tomography 
(SPECT) localise functional changes in cerebral blood flow and metabolism. 
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EPILEPSY - TREATMENT 

The  majority of patients respond to drug therapy (anticonvulsants). In intractable cases 
surgery may be necessary. Drug treatment should be simple, preferably using one 
anticonvulsant (monotherapy). Polytherapy is to be avoided especially as drug interactions 
occur between major anticonvulsants. 

Treatment is aimed at rendering the patient 'fit free', though not always achieved. If the 
patient goes three years without an attack, withdrawal of therapy should be considered. 
Withdrawal should be carried out only if the patient is satisfied that a further fit would not 
ruin employment etc. (e.g. car driver). The  risk of teratogenicity is well known (6%) 
especially with phenytoin, but withdrawing drug therapy in pregnancy is perhaps more 
risky than continuation. All anticonvulsants probably have some risk of producing fetal 
abnormalities, though these are usually mild. Sodium valproate has been incriminated in 
neural tube defects - spina bifida. 

The  introduction of assay of blood anticonvulsant levels has led to: 
1. Identification of non-compliers - a common problem at epilepsy clinics. 
2. Tailoring of drug dose to patient's requirements. 
3. The  realisation of failure with therapeutic levels of one anticonvulsant and thus the 

logical change to another. 
The  commonest anticonvulsants in present clinical use are: 
Carbamazepine Sodium valproate Clonazepam Ethosuximide 
Phenobarbitone Primidone Pheny toin 

Sodium valproate is the first-line drug in the treatment of the generalised epilepsies in 
adults. In  childhood use ethosuximide. Carbamazepine is the first-line drug in the 
treatment of partial seizures and partial seizures evolving to tonic/clonic seizures. 

Mode o f  action 

Metabolised 

Dose 
(ADULT) 

Side effects 

New anticonvulsants are available, sometimes used in conjunction with conventional drugs 
- Vigabatrin (inhibits GABA transaminase), Gabapentin (GABA analogue), Lamotrigine 
(inhibits glutamate release) and Flunarizine (ca2+ channel blocker). 

I 98 

Sodium valproate 

Inhibitor of GABA 
transaminase and 
glutamate 
decarboxylase 

Liver 
Protein bound 
Short variable half- 

life 

2-3 x daily 
600 m g  to 3 g 

total daily dose 

Gastrointestinal 
upset 

Thrombocytopenia 
Drug-induced 

hepatitis 
Hair loss 
Tremorlchorea 

Phenytoin 

Blocks voltage depen- 
dent Na+ channels in  
neuronal cell 
membrane 

Liver 
Can saturate 
enzyme systems 
Long half-life 

Can be given 
as single dose 
e.g. 150-400 mg 

at night 

Gum hypertrophy 
Acne. Coarsening of 
facial characteristics 
At toxic levels 
- nystagmus 
- ataxia, diplopia 
- neuropathy 

Phenobarbitone 

Opens postsynaptic 
CI - ion channels 
decreasing Na' & ca2+ 
influx 

Liver or excreted in 
urine unchanged 
Long half-life 
(60 hours) 

Can be given 
as single dose, 
e.g. 90 m g  at 

night 

Sedation. Depression 
Behavioural 

disturbance 
in  children 

Skin rashes 
Withdrawal 

seizures 

Carbamazepine 

Blocks voltage 
dependent Na+ 
channels in neuronal 
cell membrane 

Liver 
Enzyme inducer 
Short half-life 
(10 hours) 

2-3 x daily 
600 m g  to  1.2 g 
total daily dose 

Gastrointestinal 
upset 

Ataxia 
Skin rash 
Agranulocytosis 
Antidiuretic 

effect 
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EPILEPSY - SURGICAL TREATMENT 

In some patients, particularly those with complex partial epilepsy, despite adequate drug 
administration (checked by serum levels), recurrent seizures prevent a normal lifestyle; of 
these a proportion benefit from operation, provided seizures arise from a single focus. 
Theoretically, removal of the focus abolishes the partial seizure and can prevent 
progression to a generalised seizure. 

Extensive EEG investigation, and imaging with CT, MRI and SPECT or PET scanning 
helps identify the site of the primary focus. MRI may reveal an underlying structural 
abnormality (e.g. tumour, AVM, hamartoma or neuronal migration disorder) increasing the 
likelihood of improvement after operative removal. The discovery of a structural 
abnormality in itself may indicate the need for operation. In many patients with a temporal 
focus, MRI can also demonstrate asymmetry between medial temporal structures and 
signal change in a sclerotic, shrunken hippocampus, later confirmed by histology to show 
'mesial temporal sclerosis'. It is not known whether this is the cause of the epilepsy or the 
result of anoxia during repeated attacks. 

I Operation is contraindicated in patients with severe mental retardation or with an 
underlying psychiatric problem. 

Extra temporal cortical 
Operative techniques resection: 

I Incorporates the eleptogenic 
1 Temporal focus. Usually associated with 
I 
I 

Lobectomy: Anterior focal pathology. Over half 
temporal resection show some benefit after 
incorporating the operation, but results less 
eliptogenic focus. This satisfactory than for temporal 
is the most commonly resection. 
employed technique. 
Over half become Corpus callosal section: 

seizure free and a Prevents spread and 

further 30% gain reverberation of seizure 

significant activity between hemispheres. 

improvement in Most useful for patients with 

seizure control. generalised atonic, tonic or 

I 
myoclonic seizures, but only 
about two-thirds obtain some 
benefit. Few become seizure 

i free. 

Hemispherectomy: Used in 
children with major 
irreversible damage to the 
whole hemisphere. Good 
results with over 80% 

Selective Amygdalo-hippocampectomy: becoming seizure free. Despite 
Possible when tests confirm a focus.in medial removing or disconnecting all 

1 temporal structures. Less tissue removed than but the basal ganglia, crude 
with temporal lobectomy, but no evidence that limb movements in the 
this improves seizure control or reduces the opposite limbs and walking 

1 mild cognitive changes occasionally seen. are often preserved. 99 
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STATUS EPILEPTICUS 

A succession of tonic/clonic convulsions, one after the other with a gap between each, is 
referred to as serial epilepsy. 

When consciousness does not return between attacks the condition is then termed status 
epilepticus. This state may be life-threatening with the development of pyrexia, 
deepening coma and circulatory collapse. 

Status epilepticus may occur with frontal lobe lesions, following head injury, on 
reducing drug therapy (especially phenobarbitone), with alcohol or other sedation 
withdrawal, drug intoxications (tricyclic antidepressants), infections, metabolic disturbances 
(hyponatraemia) or pregnancy. 

TREATMENT 
There is no completely satisfactory approach. 
Death occurs in 5-10%. 

APPLY T O  ADULTS AND 

General 
Establish an airway. 

O2 inhalation 10 litreslminute. 
I.V. infusion: 500 ml 5% dextrose/0.9N saline. 
Vital signs recorded regularly - especially temperature. 

Prevent hyperthermia (sponging, etc.). 

Specific 
Diazepam 5 mg i.v. followed, after 2 minutes gap, by further 5 mg i.v. 

Effective for 10-20 minutes then seizures may return. 
Beware respiratory depression with repeated injections. 

When the effect of bolus injection wears off, a continuous diazepam infusion can be 
used (50-100mg of diazepam in 500 ml dextrose/saline). 

If not controlled then proceed to longer acting drug. 

Phenytoin does not depress respiration. 
Loading dose: 15 mg/kg given slowly i.v. at rate of 50 mg/min in normal saline. 
Monitor ECG and blood pressure - there is a risk of arrythmias and hypotension. 
Contraindicated where known cardiac conduction defect or history of recent myocardial 

infarction. 
Maintenance, 500 mg i.v. or orally, daily. 

If condition persists 30 minutes after loading dose, phenobarbitone may be added, 200- 
300 mg i.v. given at rate of 50 mg/min. 

Respiration should be monitored. 

At this point seizures should be controlled. 
120 mg phenobarbitone i.m. 4-hourly and 500 mg phenytoin i.v. daily should be given 

until oral therapy can be initiated. 
Throughout treatment the patient should receive the previously established 

anticonvulsant treatment, especially when using drugs (e.g. diazepam) which have only a 
temporary effect. 



CLINICAL PRESENTATION. ANATOMICAL CONCEPTS AND DIAGNOSTIC APPROACH 

STATUS EPILEPTICUS 

Electrolytes as well as calcium and blood glucose should be checked initially and 
throughout. Blood gases should be estimated if clinically indicated. 

Other drugs: 
Chlormethiazole, midazolam and paraldehyde may be used in resistant status. Thiopentone 
at non-anaesthetising dosage, i.e. 2 ml/min i.v. for 30-60 minutes or general anaesthesia 
with neuromuscular blockade is reserved for life-threatening refractory status. 

Non-convulsive status (complex partial and petit mal) as well as simple partial status do 
not threaten life and respond well to i.v. diazepam or i.v. phenytoin. 

PROGNOSIS ON WITHDRAWAL OF DRUG TREATMENT 
Several factors increase the likelihood of relapse of epilepsy after drug withdrawal: 

- epilepsy associated with known cerebral damage 
- infantile onset. 

Drug withdrawal should be performed slowly. Within 2 years of withdrawing treatment, 
50% of persons will suffer a further attack. EEG appearance does not predict outcome 
after withdrawing therapy. Withdrawal should only be considered after 3-5 years of 
continuing freedom from seizures. 

EPILEPSY AND PREGNANCY 
The frequency of seizures may decrease in pregnancy. The  patient may present with the 
first seizure during pregnancy (when investigation is limited) or during the puerperium. 
Tumours and arteriovenous malformations can enlarge in pregnancy and produce such 
seizures; however, these causes are rare and most attacks are idiopathic. Cortical venous 
thrombosis and systemic lupus erythematosus should be considered as alternative 
explanations. Care must be taken when prescribing treatment in pregnancy although a 
change or withdrawal of medication is rarely necessary. The  role of drugs in teratogenesis 
is complex; genetic mechanisms in epilepsy account for an increased incidence of birth 
defects. Over 90% of pregnant women with epilepsy will deliver a normal child. 

1 THE FEBRILE CONVULSION 
Febrile convulsions occur in the immature brain as a response to high fever, probably as a 
result of water and electrolyte disturbance. 

No particular infection can be incriminated. 
Usually occurs between 6 months and 3 years of age. 
Rare after 5 years of age. 
Recurrent in 50% of patients. 

Long-term follow up suggests a liability to develop seizures in later life (unassociated 
with fever) especially in males, when seizures are prolonged and have focal features. 

Treatment is aimed at preventing a prolonged seizure by sponging the patient and using 
rectal diazepam. 

The  role of prophylaxis after one seizure is debatable. 101 
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DISORDERS OF SLEEP 

PHYSIOLOGY 
Sleep results from activity in certain sleep 
producing areas of the brain rather than 
from reduced sensory input to the cerebral 
cortex. Stimulation of these areas produces 
sleep; damage results in states of persistent 
wakefulness. 

Medullary raphe nuclei 

Two states of sleep are recognjsed: 

1. Rapid eye movement (REM) sleep 2. Non-rapid eye movement 
(non-REM) sleep 

Characrerised by: - Rapid conjugate eye - Absence of eye movement 
movement - Stability nf temperature, 

- Fluctuation of  EP, hcart rate and respiration 
temperature, BP, heart - Absence of muscle twirching 
rate and respiration - Absence of dreams 

- Muscle twitching 
- Presence of dreams 

Originates in: - Psntine reticular formation - Midline ponrine and medullary 
nuclei (raphe nuclei) 

Mediated by: - Noradrenaline - Serotonin 

The electroencephalogram shows characteristic patterns which correspond to the type 
and depth of sleep. 

REM sleep - a I n s  voltage record with mixed frequencies, 
dominated by fast activity. 

Non-REM sleep 
Drowsiness - a rclat~vely low voltage record with slow 

rhythms, interrupted bv alpha rhyhm. 
Intermediate - sharp waves evidenr in vertex leads (V waves). 

i 
Deep simp - a high voltage record dominated by 

slow wave activity. 

The sleep pattern 
In adults non-REM and REM sleep alternate 
throughout the night. 

Non-REM REM Non-REM 
1"" 1 r- 1 50% 80% 

f 60-90 rnin 10-15 min 
Retiring Rising 

The proportion of REM to non-REM varies with age. 
/ [  

m 
In view of the important r6le of serotonin and noradrenaline in sleep, it is 

" 
102 understandable rhat drugs may affect the duration andlor content of sleep. 
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DISORDERS OF SLEEP 

NARCOLEPSYANDCATAPLEXY 

Narcolepsy 

h irresistible desire to sleep in 
inappropriate circumstances and places. 
Attacks occur suddenly and are of 
brief duration unless patient remains 

Sudden loss of postural tone. The patient 
crumples to the ground. Consciousnes.; is 
preserved. Emotion - laughter or crying - 
can precipitate an attack. 

The narcolepsy/cataplexy tetrad 
Only 10% of patients manifest the complete tetrad 

Sleep paralysis Hypnagoec hallucinations 

move. This may last for 2-3 minutes. thc patient falls asleep ar occasionally 

Males are affected more than females. Prevalence 1:2000. 
Onset is in adolescence/early adult life. The disorder is life long, but becomes less 

troublesome with age. It may have a familial incidence, or may occur after head injury, 
with multiple scIerosis, or with hypothalamic tumours. The cause remains unknown, 
though the increased incidence of certain histocompatibility antigens (DM) In sufferers 
does suggest an immunological basis. 
Dia~nosis 
The diagnosis is dependent upon the clinical history. The electroencephalogram may help, 
showing a REM pattern within 10 mins of sleep onset (normal - 90 minutes) 
Treatment 
Drugs which inhibit REM sleep may benefit: - amphetamines and their derivatives, e.g. - 

dexamphetamine sulphare, 
merhylphenidate hydrochloride. 

- other drugs are preferable but have a 
selective effect: rnazindol & pemoline for 
narcolepsy; clomipramine for cataplexy. 

OTHER SLEEP DISORDERS (PARASOMNIAS) 
NIGHT TERRORS (pavor nocturnus) 
These occur in children, shortly after ralling asleep and during deep to intermediate ntln-REM s l cq~ .  The child 
awakcs in a state of friphr with a marked tachycardia, yer In thc morning cannot recollect t hc  atrack. Such attacks 
are not associated with psvchological disturbance, are self I~rni t in~ and if necesFary wilr rcspond to diazepam. 
NIGHTMARES 
These occur during BEM skep. Drug or alcohol withdrawal promote< REM slcep and is often a~snciated with 
vivid dreams. 
SOMNAMBULISM (sleep walking) 
Sleep walking varies from lust sirring up in bed to walking around rhe house with the eyer open, performing 
complcx major tasks. Episodes occur during intermediate or deep non-REM sleep. In childhmd, somnarnhulism is 
assoctated with n i ~ h t  terrnrs and bed wctting, but not wirh psychological disrurhancc. In adulrs, there is an 
incscased incidence c)f psychoncurosis. Prevenrion of iniuv is important. 103 
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DISORDERS OF SLEEP 

SLEEP STARTS (HYPNIC JERKS) 
On entering sleep, sudden jerks of the arms or legs commonly occur and are especially frequent when a conscious 
effort is made to remain awake, e.g. during a lecture. This is a physiological form of myoclonus. 

Other movement disorders in sleep: Restless legs, Dystonia, Bruxism (teeth grinding) and head banging. 

HYPERSOMNIA 
Lesions which affect the structures in the floor 
of the third ventricle may produce excessive 
sleepiness, e.g. tumours or encephalitis, and 
are often associated with diabetes insipidus. 

Systemic disease such as myxoedema may 
result in hypersomnia, as may conditions 
which produce hypercapnia - chronic 
bronchitis, or primary muscle disease, e.g. 
dystrophia myotonica. 

Thalamus - . 
Putamen 'A 

Corpus callosum 

ventricle 

Fornix 
Internal capsule 

'. lnfundibulum 

'Optic chiasma 

SLEEP APNOEA SYNDROMES 
Respiratory rate fluctuates during REM sleep with occasional short episodes of apnoea. These are normal 
physiological events and are brief and infrequent. 

Prolonged sleep apnoea results from central reduction of respiratory drive, a mechanical obstruction of the 
airway or a mixture of both. 

Central causes: Mechanical causes: 
Brain stem medullary infarction or following Obesity. Tonsillar enlargement. 
cervical/foramen magnum surgery. Myxoedema. Acromegaly. 

When breathing ceases, the resultant hypercapnia and hypoxia eventually stimulate respiration. 
Patients may present with daytime sleepiness, nocturnal insomnia and early morning headache. Snoring and 

restless movements are characteristic. In severe cases of sleep apnoea, hypertension may develop with right heart 
failure secondary to pulmonary arterial hypertension. Polycythaemia and left heart failure may ensue. 

Evaluation requires sleep oximetry and video recording with low level illumination. Fall in oxygen saturation 
may be as much as 50%. 

Treatment depends on aetiology. Mechanical airway obstruction should be relieved; drugs such as theophylline 
are occasionally helpful. Continuous positive airway pressure (CPAP) applied to the nose may help. Surgical 
reconstruction of palate and oropharynx is offered in extreme cases. 

The Pickwickian syndrome: sleep apnoea associated with obesity, named after the Dickens' fat boy who 
repeatedly fell asleep. 

INSOMNIA 
The most common sleep disorder, difficult to evaluate and of multiple causation including psychiatric, alcohol, 
drug related or due to systemic illness. Treatment depends on cause e.g. antidepressant. 
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HIGHER CORTICAL DYSFUNCTION 

Specific parts of the cerebral hemispheres are responsible for a certain aspect of function. 
In normal circumstances these functions are integrated and the patient operates as a whole. 
Damage to part of the cortex will result in a characteristic disturbance of function. 
Interruption by disease of 'connections' between one part of the cortex and another will 
'disconnect' function. 

GENERAL ANATOMY 
Brodmann, on the basis of histological differences, divided the cortex into 47 areas. 
Knowledge of these areas is not practical, though they are referred to often in some texts. 

Six layers can be recognised in the cerebral cortex superficial to the junction with the 
underlying white matter. 

The relative preponderance of each layer varies in different regions of the cortex and 
appears to be related to function. 

6 layers 

Grey 
matter 

Each cerebral hemisphere 
is divided into 
lobes 

Molecular 

External granular 

Pyramidal 

Internal granular 

Ganglionic 

Fusiform 

The frontal motor cortex, dominated by pyramidal rather than granular layers, is termed 
the AGRANULAR CORTEX 

The parietal sensory cortex, dominated by granular layers, is termed the GRANULAR 

CORTEX. 
The largest cells of the agranular cortex are the giant cells of Betz. These give rise to 

some of the motor fibres of the corticospinal tract. 

RIGHT AND LEFT HEMISPHERE FUNCTION 
Unilateral brain damage reveals a difference in function between hemispheres. The left 
hemisphere is 'dominant' in right-handed people. In left-handed subjects the left 
hemisphere is dominant in the majority (up to 75%). 

Hand preference may be hereditary, but in some cases disease of the left hemisphere in 
early life determines left-handedness. 
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HIGHER CORTICAL DYSFUNCTION 

Non-dominant Dominant Hemisphere dominance may be 

m demonstrated by the injection of sodium 
amytal into the internal carotid artery. On 

~i~''=b the dominant side this will produce an 
arrest of speech for up to 30 seconds - the 

VISUAL and LANGUAGE WADA TEST. Such a test may be 
SPATIAL PERCEPTION LANGUAGE- important before temporal lobectomy for 

VISUAL (non language- epilepsy when handedness/hemisphere 

dependent) MEMORY MEMORY dominance is in doubt. 

FRONTAL LOBES 

Lateral surface Precentral Central sulcus Orbital surface 
gYrUs ,I' separates frontal 

Superior 
frontal gyrus poster 
and sulcus -- 7 

Lateral sulcus 
Inferior /' separates frontal 
frontal gyrus - frdm temporal lobe 

*ietal lobe 
.iorly Orbital 

Medial surface / Central sulcus 

I 

Stem of 
lateral sulcus 

I Paracentral lobule 
sulcus---, -- 
Cingulate /- , 

Corpus callosum 

FRONTAL LOBE FUNCTION 
1.  Precentral gyrus - motor cortex 

contralateral movement - face, arm, 
leg, trunk. 

2. Broca's area - dominant hemisphere - 
expressive centre for speech. 

3. Supplementary motor area - 
contralateral head and eye turning. 

4. Prefrontal areas - 'personality', initiative. 
5. Paracentral lobule - cortical inhibition 

of bladder and bowel voiding. 
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FRONTAL LOBES 

IMPAIRMENT OF FRONTAL LOBE FUNCTION 
1.  Precentral gyrus 
Monoplegia or hemiplegia depending on 
extent of damage. 

2. Broca's area (inferior part of dominant 
frontal lobe) 
Results in Broca's dysphasia 
(see page 120) (motor or expressive). 

3. Supplementary motor area 
Paralysis of head and eye movement to 
opposite side. Head turns 'towards' 
diseased hemisphere and eyes look 
in the same direction. 

of the opposite half of 
the body is similar to 
that of the motor cortex. 

(After PENFIELD) 

4. Prefrontal areas (the vast part of the frontal lobes anterior to the motor cortex as well 
as undersurface - orbital - of frontal lobes) 
Damage is often bilateral, e.g. infarction, following haemorrhage from anterior 
communicating artery aneurysm, neoplasm, trauma or anterior dementia, resulting in a 
change of personality with antisocial behaviour/loss of inhibitions. 
Three pre-frontal syndromes are recognised 

Orbitofrontal syndrome Frontal convexity syndrome Medial frontal syndrome 
Disinhibition Apathy Akinetic 
Poor judgement Indifference Incontinent 
Emotional lability Poor abstract thought Sparse verbal output 

Pre-frontal lesions are also associated with: 
1. Primitive reflexes - grasp, pout, etc. (see page 123). 
2. Disturbance of gait - 'gait apraxia'. 
3. Resistance to passive movements of the limbs - paratonia. 

Unilateral lesions may show minor degrees of such change. 

5. Paracentral lobule 
Damage to the posterior part of the superior frontal gyrus results in incontinence of urine 
and faeces - 'loss of cortical inhibition'. This is particularly likely with ventricular 
dilatation and is an important symptom of normal pressure hydrocephalus. 

107 
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PARIETAL LOBES 

Postcentral Central sulcus separates from frontal lobe anteriorly. 

gyrus '--- Inferiorly and posteriorly there is - ... no clear boundary from temporal 
and occipital lobe 

Supramarginal -- -- Parieto-occipital 
QYrus sulcus 

/ 

Angular Preoccipital 
QYrus notch 

PARIETAL LOBE FUNCTION 
1.  Postcentral gyrus (granular cortex) 
The  sensory cortex (representation similar to 
the motor cortex) receives afferent pathways for 
appreciation of posture, touch and passive movement. 
2. Supramarginal and angular gyri (dominant hemisphere) make up part of Wernicke's 
language area. 
This is the receptive area where auditory and visual aspects of comprehension are 
integrated. 
The  non-dominant parietal lobe is important in the concept of body image and the 

awareness of the external environment. The  ability to construct shapes, etc. results from 
such visual/proprioceptive skills. 
The  dominant parietal lobe is implicated in the skills of handling numbers/calculation. 
The  visual pathways - the fibres of the optic radiation (lower visual field) - pass deep 
through the parietal lobe. 

IMPAIRMENT OF PARIETAL LOBE FUNCTION 
1.  Disease of either dominant or non-dominant sensory cortex (postcentral gyrus) will 
result in contralateral disturbance of cortical sensation: 

Postural sensation disturbed. 
Sensation of passive movement disturbed. 
Accurate localisation of light touch may be disturbed. 
Discrimination between one and two points (normally 4 mm on finger tips) is lost. 
Appreciation of size, shape, texture and weight may be affected, with difficulty in 

distinguishing coins placed in hand, etc. (astereognosis). 
Perceptual rivalry (sensory inattention) is characteristic of parietal lobe disease. Presented 

with two stimuli, one applied to each side (e.g. light touch to the palm of the hand) 
simultaneously, the patient is only aware of that one contralateral to the normal parietal 
lobe. As the gap between application of stimuli is increased (approaching 2-4 seconds) the 
patient becomes aware of both. 

108 2. Supramarginal and angular gyri - Wernicke's dysphasia (see page 120). 
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PARIETAL LOBES 

3. Non-dominant 4. Dominant 

No longer aware 7Wi-* Confusion of right > 

of opposite and left limbs. 
(left-sided) Difficulty in 
limbs - even & distinguishing fingers 
when densely on hand - , These comprise 
hemiparetic; FINGER AGNOSIA. GERSTMANN'S 
denies weakness Disturbance of SYNDROME 
- ANOSOGNOSIA. calculation - ACALCULIA 

Difficulty in dressing, e.g. Disturbance of 
getting arm into pyjamas - writing - AGRAPHIA. , 

DRESSING APRAXIA. 

Disturbance of geographical memory 
- GEOGRAPHICAL AGNOSIA (e.g. 
patient cannot find his bed in ward). 

@ @ 
5. Damage to the optic radiation deep 

Cannot copy geometrical pattern in the parietal lobe will produce a lower 
- CONSTRUCTIONAL APRAXIA A homonymous quadrantanopia 

TEMPORAL LOBES Coronal section 

Lateral surface 

Inferior temporal 

ventricle 
Middle temporal gyrus Inferior surface 

Anteriorly, the temporal lobe is separated 
from the frontal lobe by the lateral sulcus. 
Posteriorly and superiorly, separation from 
occipital and parietal lobes is less clearly 
defined. 

The lateral sulcus is deep and contains 
'buried' temporal lobe. The buried island of 
cortex is referred to as the INSULA. 

The temporal lobe also has a considerable 
inferior and medial surface in contact with Parah 
the middle fossa. 109 
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TEMPORAL LOBES 

TEMPORAL LOBE FUNCTION 

1. The auditory cortex lies on the upper surface of the superior temporal gyrus, buried 
in the lateral sulcus (Heschl's gyrus). 

The dominant hemisphere is important in the hearing of language. 
The non-dominant hemisphere is important in the hearing of sounds, rhythm and 

music. Close to the auditory cortex labyrinthine function is represented. 

2. The middle and inferior temporal gyri are concerned with learning and memory 
(see later). 

3. The limbic lobe: the inferior and medial portions of the temporal lobe, including the 
hippocampus and parahippocampal gyrus. 

The sensation of olfaction is mediated through this structure as well as emotional/ 
affective behaviour. 

Olfactory fibres terminate in the uncus. 
The limbic lobe or system also incorporates inferior frontal and medial parietal 

structures and will be discussed later. 

4. The visual pathways pass deep in the temporal lobe around the posterior horn of the 
lateral ventricle. 

IMPAIRMENT OF TEMPORAL LOBE FUNCTION 

1.  Auditory cortex 
Cortical deafness: Bilateral lesions are rare but may result in complete deafness of which 
the patient may be unaware. 
Lesions which involve surrounding association areas may result in difficulty in hearing 
spoken words (dominant) or difficulty in appreciating rhythm/music (non-dominant) - 
AMUSZA. Auditory hallucinations may occur in temporal lobe disease. 

2. Middle and inferior temporal gyri 
Disturbance of memory/learning will be discussed later. 
Disordered memory may occur in complex partial seizures either after the event - postictal 
amnesia - or in the event - deja vu, jamais vu. 

3. Limbic lobe damage may result in: 
Olfactory hallucination with complex partial seizures. 
Aggressive or antisocial behaviour. 
Inability to establish new memories (see later). 

4. Damage to optic radiation will produce an upper homonymous quadrantanopia. 
Dominant hemisphere lesions are associated with Wernicke's dysphasia. 
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OCCIPITAL LOBE 

The occipital lobe merges anteriorly 
with the parietal and temporal lobes. 

On the medial surface the calcarine 
sulcus extends forwards and the ---- Parieto-occipital 
parieto-occipital sulcus separates sulcus 
occipital and parietal lobes. 

OCCIPITAL LOBE FUNCTION 
The occipital lobe is concerned with the callosum 
perception of vision (the visual cortex). Medial surface 

The visual cortex lies along the banks of 
the calcarine sulcus - this area is referred 

to as the STRIATE cortex: - -------- 
above and below this lies the PARASTRIATE cortex. - 

\- \ Medial surface 

The striate cortex is the primary visual cortex and when stimulated by visual input 
relays information to the parastriate - association visual cortex. This, in turn, connects 
with the parietal, temporal and frontal lobes both on the same side and on the opposite 
side (through the posterior part of the corpus callosum) so that the meaning of a visual 
image may be interpreted, remembered, etc. 

The visual field is represented upon the cortex in a specific manner (page 136). 

IMPAIRMENT OF OCCIPITAL LOBE FUNCTION 
A cortical lesion will result in a homonymous hemianopia with or without involvement of 
the macula, depending on the posterior extent of the lesion. 

When only the occipital pole is affected, a central hemianopic field defect involving the 
macula occurs with a normal peripheral field of vision. 

Cortical blindness 
Extensive bilateral cortical lesions of the striate cortex will result in cortical BLINDNESS. In 
this, the pupillary light reflex is normal despite the absence of conscious perception of the 
presence of illumination (light reflex fibres terminate in the midbrain). 

Anton's syndrome 
Involvement of both the striate and the parastriate cortices affects the interpretation of 
vision. The patient is unaware of his visual loss and denies its presence. This denial in the 
presence of obvious blindness characterises Anton's syndrome. 

Cortical blindness occurs mainly in vascular disease (posterior cerebral artery), but also 
following hypoxia and hypertensive encephalopathy or after surviving tentorial herniation. 

Balint's syndrome 
Inability to direct voluntary gaze, associated with visual agnosia (loss of visual recognition) 
due to bilateral parieto-occipital lesions. 
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OCCIPITAL LOBE 

Visual hallucinations are common in migraine when the occipital lobe is involved; also 
in epilepsy when the seizure source lies here. 

Hallucinations of occipital origin are elementary - unformed - appearing as patterns (zig- 
zags, flashes) and fill the hemianopic field, whereas hallucinations of temporal lobe origin 
are formed, complex and fill the whole of the visual field. 

Visual illusions also may occur as a consequence of occipital lobe disease. Objects appear 
smaller (MICROPSIA) or larger (MACROPSIA) than reality. Distortion of a shape may 
occur or disappearance of colour from vision. 

These illusions are more common with non-dominant occipital lobe disease. 

Prosopagnosia: the patient, though able to see a familiar face, e.g. a member of the 
family, cannot name it. This is usually associated with other disturbances of 
'interpretation' and naming with intact vision such as colour agnosia (recognition of colours 
and matching of pairs of colours). Bilateral lesions at occipito-temporal junction are 
responsible. 

A loss of ability to carry out skilled movement despite adequate understanding of the task 
and normal motor power. 

Constructional and dressing apraxia: See page 109, non-dominant parietal disease. 
Gait apraxia: Difficulty in initiating walking - frontal lobelanterior corpus callosum 
disease. 
Oculomotor apraxia: Impaired voluntary eye movement - parieto-occipital disease. 
Ideamotor apraxia: Separation of idea of movement from execution - cannot carry out 
motor command but can perform the required movement under different circumstances - 
dominant hemisphere (see later). 
Ideational apraxia: Inability to carry out a sequence of movements each of which can be 
performed separately - frontal lobe disease. 
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Cortical function is described, on the previous pages, 'lobe by lobe'. These functions 
integrate by means of connections between hemispheres and lobes. Lesions of these 
connecting pathways disorganise normal function, resulting in recognisable syndromes - 
the disconnection syndromes. APRAXIA is a feature of some of these disorders. 

The connecting pathways may be divided into: 
Zntrahemispheric: lying in the subcortical white matter and linking parts of the same 

hemisphere. 
Interhemispheric: traversing the corpus callosum and linking related parts of the two 

hemispheres. 

THE INTRAHEMISPHERIC DISCONNECTION SYNDROMES 

1. Conduction Aphasia 
Lesion of the arcuate fasciculus 
linking Wernicke's and Broca's -- 
speech areas. -*-- -. -. 
Characterised by: - - --_ 
comprehension of writtenlspoken 
material. Poor repetition. 

Fluent dysphasic speech. Good 

2. Pure word deafness 
Lesion of the connection between the 
primary auditory cortex (Herschl's gyrus) 
and auditory association cortex. 
Characterised by: 
Impaired comprehension of spoken word. 
Self-initiated language is normal. The 
patient seems deaf, but audiometry is normal. 

3. Buccal lingual and 'sympathetic' apraxia 
Involves the links between left and right association motor 
cortices in the subcortical region. 
Characterised by: Broca's area 
Right brachiofacial weakness and apraxia of tongue, l ip and 
left l imb movements. 

THE INTERHEMISPHERIC DISCONNECTION SYNDROMES 

1. Left side apraxia 
Lesion of the 
anterior corpus 
callosum with 
interruption of the 
connections between the 
left and right association 
motor cortices. 
Characterised by: 
Apraxia of left sided limb movements. 

2. Pure word blindness or alexia without agraphia 
Lesion of the posterior corpus cal- 
losum and dominant occipital lobe 
with interruption of connections 
between the visual cortex and the 
angular gyrusiWernicke's area. 
Characterised by: -- - - -___  
Inability to read, to 
to copy writing, but with normal 
spontaneous writing and the ability 
to  identify colours. 

3. Agenesis of the 
corpus callosum 

OD This is a developmental disorder with no connection between the two hemispheres. 
Characterised by: 
A failure to  name an object presented visually or by touch to the 
non-dominant hemisphere. (The right and left visual fields cannot 
match presented objects.) 
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HIGHER CORTICAL FUNCTION - MEMORY 

Normal memory involves the recognition, registering and cataloguing of a stimulus - 
acquisition, as well as the skill of appropriate recall - retrieval. 

Verbal memory: refers to material presented in the verbal form. 
Visual memory: denotes material presented without words or verbal meditation. 
Short term memory: immediate recall of a short message. 
Long term memory: retrieval of recent or remote events. 
Semantic memory: refers to long established factual knowledge. 

Disordered memory may be confused with disturbances of attention, motivation and 
concentration and requires detailed neuropsychological examination to properly assess. 

T H E  ANATOMICAL BASIS O F  MEMORY 
The structures of the limbic system 
involved in the memory process are 
inferred from the pathological 
examination of diseases that disorder k 
function. The  hippocampus, a deep 
structure in the temporal lobe, ridges 
the floor of the lateral ventricle. 
Fimbriae of the hippocampus 

Mamillo--- connect this structure to the fornix. 
There appears to be a loop from 

tract 
hippocampus + fornix + mamillary body 
-+ thalamus + cingulate gyrus + back to 

Hippocampus 
hippocampus. Mamillary body 

1 / Mamillary 1 Thalamus I Orbito-frontal / Medial temporal 1 Fornix 1 
1 1 bodies I 1 cortex cortex/ I 1 
Korsakoff's 
Head trauma 
Stroke 
Encephalitis 

TESTS OF MEMORY (see examination, page 8) 

+ 

Temporal 
lobectomy 
3rd ventricular 
operations 

These aim to distinguish loss of immediate, recent or remote memory. 

+ 

Disorders may be further classified into those which affect memories established before the 
injury or damage - RETROGRADE AMNESIA - and those which affect memory of events 
following the injury or damage - ANTEROGRADE or POST-TRAUMATIC AMNESIA. 
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DISORDERS OF MEMORY 

THE AMNESIC SYNDROME is characterised by - 
Retrograde amnesia - impairment of memory for events that antedate illness or injury 
Anterograde amnesia- inability to learn new verbal or non verbal information from 

onset of the illness or injury 
Intact retrieval of old information 
Intact intellectual function 
Intact personality 
Tendency to confabulate 

CAUSES 
Korsakoff's syndrome: results from - alcoholism 

- encephalitis 
- head injury 

Lesions occur within the thalamus and the mamillary bodies. Commonly associated with 
confabulation - a false rationalisation of events and circumstances. 

Post-traumatic amnesia: after trauma, retrograde amnesia may span several years, but 
with recovery, this gradually diminishes. The  duration of post-traumatic amnesia on the 
other hand remains fixed and relates directly to the severity of the injury. 

Amnesic stroke: bilateral medial temporal lobe infarction from a posterior circulation 
stroke is usually associated with hemiplegia and visual disturbance or loss e.g. Anton's or 
Ballint's syndrome (page 11 1). 

Amnesia with tumours: tumours that compress thalamic structures or the fornix may 
produce amnesia - e.g. colloid cyst of the 3rd ventricle. 

Temporal lobectomy: amnesia will only occur if function in the unoperated temporal 
lobe is abnormal. Pre-operative assessment during a unilateral carotid injection of sodium 
amytal minimises this risk. 

Transient global amnesia: memory loss of less than 36 hours during which time patients 
will often carry out complex cognitive tasks e.g. drive to the office and do a day's work. 
There is usually nothing objectively wrong. Episodes are sometimes precipitated by 
exercise. The  disorder is benign but requires investigation to exclude temporal lobe 
disease. 

Psychogenic amnesia: affects overlearned and personally relevant aspects of memory 
e.g. 'What is my name?', while less well learned memory remains unaffected. 
Clinically evident acute mental stress may precipitate this. This inadequate defence 
mechanism suggests a serious underlying psychiatric or personality disorder. 

DISORDERS OF MEMORY RETRIEVAL 
Senescence - as part of normal aging, rapid retrieval of stored memory becomes defective. 
Depression - impaired memory is a common complaint in depressive illness. The  disorder is 
one of motivation and concentration. 
Subcortical dementia - This will be described later (page 122). The  major abnormality is 
that of a slowed (but correct) response rate to questions of memory function. 

NB DEMENTIA, TUMOURS and CEREBROVASCULAR DISEASE are all often associated with 
memory loss but this is usually combined with evidence of more widespread disordered cognitive 
function. 115 
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DISORDERS OF SPEECH AND LANGUAGE 

Introduction 
Disturbed speech and language are important symptoms of neurological disease. The two 
are not synonymous. Language is a function of the dominant cerebral hemisphere and may 
be divided into (a) emotional - the instinctive expression of feelings representing the earliest 
forms of language acquired in infancy and (b) symbolic or propositional - conveying 
thoughts, opinions and concepts. This language is acquired over a 20-year period and is 
dependent upon culture, education and normal cerebral development. 

An understanding of disorders of speech and language is essential, not just to the clinical 
diagnosis but also to improve communication between patient and doctor. All too often 
patients with language disorders are labelled 'confused' as a consequence of superficial 
evaluation. 
DY SARTHRIA 
Dysarthria is a disturbance of articulation in which the content of speech - language - is 
unaffected. 
Mechanism of articulation 

@ Connection through corpus callosum to 
motor cortex of right hemisphere 

@) Descending corticobulbar pathway from 
right hemisphere to nuclei X and XI1 

Nuclei X and XI1 receive corticobulbar pathway 
from both ipsilateral and contralateral 
hemispheres (bilateral innervation). This 'safety 
factor' means that a lesion of one corticobulbar 
pathway does not produce symptoms. 

ssal nucleus and nerve (XII) to tongue 

supplying soft palate, 
pharynx and larynx 

The extrapyramidal and 
cerebellar systems 

A - Corticobulbar pathway modulate articulatory muscle action 
B - Cerebellum 
C - Extrapyramidal system 
D - Nuclei of lower motor neurons of X, XI1 cranial nerves 

1 Muscles of expression, innervated by the facial nerve, play an additional role in 
116 articulation and weakness also results in dysarthria. 
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DISORDERS OF SPEECH - DYSARTHRIA 

Causative 
diseases 
e.g. Middle 
cerebral 
artery 
occlusion. 

r 
DIAGNOSTIC APPROACH Associated - SPASTIC 

Neoplasm. 

I Listen to 
spontaneous 

i 
patient to read 
speech and ask the 

aloud. 
Observe: lingual 
consonants - 'ta ta 
La' (made with the 
tongue), labial 
consonants - 'mm 
mm mm' (made 
with the lips), 
guttural 

- 'ga 
ga' (laryngeal 

and pharyngeal/ 
palatal). Difficulty 
with articulation 

I 
=DYSARTHRIA ' 

N.B. Beware 
misinterpretation of 
dialect or poorly 
fitting teeth. 

e.g. Bilateral 
small vessel 
occlusion. 

/ 
contralateral DYSARTHRIA 

Speech hoarse and hemisparesis or (Cortical origin) 

strained; labial 
consonants \ dysphasia especially affected. Other signs of 

pseudobulbar 
palsy (impaired 

speech slow and 

@39 
chewing, - SPASTIC 
swallowing) DYSARTHRIA 

monotonous with (Corticobulbar 
abnormal separation origin) 
of syllables - 
'scanning speech'; at - ATAXIC 
times may sound DY SARTHRIA 
explosive - 
Associated signs *.sC 1 

cerebellar a 6% T f  
disease (Lesion in cerebellar 

vermis and paravermis) 

soft and 
monotonous with - HYPOKINETIC 
poor volume and (slow) 

little inflection - HYPER-KINETIC 
and short rushes of (fast) DYSARTHRIA 
speech (Lesion of the 

extrapyramidal 
system) Associated signs 

of extrapyramidal 
disease 

Motor 
neuron 
disease. 

e.g. Multiple 
sclerosis, 
Hereditary 
ataxias. 

Parkinson's 
disease. 

Huntington's 
chorea. 

Labial consonants - FLACCID 
first affected, later DY SARTHRIA e.g. Motor 

gutturals. Nasal neuron 
speech and disease. 
progression to total 
loss of articulation 
(anarthria). (Involvement 
Associated signs of X and XI1 polyneuritis. 

of 1.m.n. nuclei or emergent 
weakness of X nerves to muscles 

and XI1 of articulation,) 

5 Many diseases affect multiple sites and a 'mixed' dysarthria occurs. 
For example, multiple sclerosis with corticobulbar and cerebellar involvement will result 

in a mixed spastic/ataxic dysarthria. 117 
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DISORDERS OF SPEECH - DYSPHONIA 

Sound is produced by the passage of air over the vocal cords. 
Respiratory disease or vocal cord paralysis results in a disturbance of this facility - 

dysphonia.  A complete inability to produce sound is referred to as aphonia.  Dysarthria 
often co-exists. 

DIAGNOSTIC APPROACH 
If, despite attempts, there is deficient 
sound production then examine the vocal Causative 

cords by indirect laryngoscopy. Diseases 
e.g. Medullary 

damage: 
- infarction 
- syringobulbia 

abduction Mirror held 
of vocal cords - in posterior 
'Ahh' pharynx 

Spastic Dysphonia 
Sounds as though speaking 
while being strangled! 
May be a functional disorder, 
form of 'focal' dystonia, occurs 
with essential tremor or 
hypothyroidism. 

Paralysis of both vocal cords 
Patient speaks in whispers 
and inspiratory stridor is present. 

.g. Recurrent laryngeal 
nerve palsy: 
- following thyroid 

surgery 
- bronchial neoplasm 
- aortic aneurysm 

Paralysis of left vocal cord 
which does not move with 'Ahh' 
while right abducts. When patient 
says 'E' normal cord will move 
towards paralysed cord. 
The voice is weak and 'breathy' 
and the cough 'bovine'. 

OTHER DISORDERS OF S P E E C H  
M u t i s m :  An absence of any attempt at oral communication. It  may be associated with 

bilateral frontal lobe or third ventricular pathology (see Akinetic mutism). 
Echo la l ia :  Constant repetition of words or sentences heard in dementing illnesses. 
Pal i la l ia:  Repetition of last word or words of patient's speech. Heard in extrapyramidal disease. 
Logor rhoea :  Prolonged speech monologues; associated with Wernicke's dysphasia. 
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DISORDERS OF LANGUAGE - DYSPHASIA 

Dysphasia is an aquired loss of production or comprehension of spoken and/or written 
language secondary to brain damage. 

Hand preference is associated with 'hemisphere dominance' for language. In  right- 
handed people the left hemisphere is dominant; in left-handed people the left hemisphere 
is dominant in most, though 25% have a dominant right hemisphere. 

The  cortical centres for language reside in the dominant hemisphere. 

1. Broca's area 
Executive or motor 
area for the 
production of 
language - lies in the 
inferior part of the 
frontal lobe on the 
lateral surface of the 
cerebral hemisphere 
abutting the mouth 
of the Sylvian 
fissure. 

2 and 3 Receptive areas 
Here the spoken word is 
understood and the 
appropriate reply or action 
initiated. These areas lie at 
the posterior end of the 
Sylvian fissure on the 
lateral surface of the 
hemisphere. 

The  temporal lobe 
receptive area (2) lies close 
to the auditory cortex of 
the transverse gyrus of the 
temporal lobe. The  
parietal lobe receptive area 
(3) lies within the angular 
gyrus. 

Receptive and expressive areas must be linked 
in order to integrate function. The  link is 
provided by (4), the arcuate fasciculus, a 
fibre tract which runs forwards in the 
subcortical white matter. 

Dysphasia may develop as a result of vascular, neoplastic, traumatic, infective or 
degenerative disease of the cerebrum when language areas are involved. 
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DISORDERS OF LANGUAGE - DYSPHASIA 

DIAGNOSTIC APPROACH 

objects 
- Repetition 
- Reading 
- Writing 

Listen to 
content and 
fluency of 
speech. Test 
comprehension, 
i.e. simple then 
complex - 
commands 

Assess 
- Spontaneous 

speech 
- Naming 

Causative 
diseases 

- Non-fluent, hesitant - BROCA'S DYSPHASIA 

speech; may be (Motor or expressive 

confined to a few dysphasia) 

repeated utterances or, 
in less severe cases, is 
of a 'telegraphic' nature 
with articles and 
conjunctions omitted. 
Good comprehension. 
Handwriting poor. 
Look for coexisting 
right arm and face 
weakness. 

Vascular disease 
Neoplasm 
Trauma 
Infective disease 
Degenerative 

disease 

. Comprehension impaired. -----D WERNICKE'S DYSPHASIA 

Speech nonsensical but fluent. (Sensory or receptive 

neologisms - nonexistent words. dysphasia) Vascular disease 
paraphrasia - half right 

Patient unaware 
of language problem. Infective disease 

Handwriting poor. 

Differentiate from confused 
patient - construction of words 
and sentences are normal. 

- Non-fluent speech and impaired - GLOBAL DYSPHASIA Vascular 
comprehension. Often associated Damage involving a large disease 
with hemiplegia/hemianaesthesia area of the dominant Neoplasm 
and visual field deficit. hemisphere. Trauma 

Infective 
disease 

Degenerative 
disease 

L Speech nonsensical but - CONDUCTION 
fluent (neologisms and DY SPHASIA 
paraphrasia) yet 

Vascular disease 

Neo~lasm 
comprehension is normal. Trauma 
Repetition IS poor. 

Frontal Infective disease 

Degenerative 
disease 

Y Temporal 
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DEMENTIAS 

Definition 
Progressive deterioration of intellect, behaviour and personality as a consequence of diffuse 
disease of the cerebral hemispheres, maximally affecting the cerebral cortex and 
hippocampus. 

Distinguish from delirium which is an acute disturbance of cerebral function with 
impaired conscious level, hallucinations and autonomic overactivity as a consequence of 
toxic, metabolic or infective conditions. 

Dementia may occur at any age but is more common in the elderly, accounting for 40% 

t of long-term psychiatric in-patients over the age of 65 years. A recent study shows an 
annual incidence rate of 187/100 000 persons. Dementia is a symptom of disease rather 
than a single disease entity. When occurring under the age of 65 years it is labelled 

1 'presenile' dementia. This term is artificial and does not suggest a specific aetiology. 

1 Clinical course: 
The rate of progression depends upon the underlying cause. 

ACUTE SUBACUTE CHRONIC 

INTELLECTUAL 
FUNCTION 

WEEKS MONTHS YEARS 

The  duration of history helps establish the cause of dementia; Alzheimer's disease is 
slowly progressive over years, whereas encephalitis may be rapid over weeks. Dementia due 
to cerebrovascular disease appears to occur 'stroke by stroke'. 

All dementias show a tendency to be accelerated by change of environment, intercurrent 
infection or surgical procedures. 

Development of symptoms 

Introspective. Difficulty in coping with Loss of insight, 
Unsure of self. -+ work and ordinary routine -+ behavioural changes, 

(retained insight). loss of inhibition. 
1 

Mutism, Long-term care. 
incontinence t Cannot be left 
and DEATH unattended. 

This initial phase of dementia may be inseparable from the pseudodementia of depressive 
illness. 121 
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DEMENTIAS - CLASSIFICATION 

Based on cause 

Alzheimer's 
Cerebrovascular 

Multi-infarct dementia 
Subcortical vascular 

disease (Binswanger's disease) 
Neurodegenerative 

Pick's disease 
Huntington's chorea 
Parkinson's disease 

Infectious 
Creutzfeld- Jakob disease 
HIV infection 
Viral encephalitis 
Progressive multifocal 

leucoencephalopathy 
Normal pressure hydrocephalus 

Nutritional 
Wernicke Korsakoff 

(thiamine deficiency) 
BI2 deficiency 
Folate deficiency 

Metabolic 
Hepatic disease 
Thyroid disease 
Parathyroid disease 
Cushing's syndrome 

Chronic inflammatory 
Collagen vascular disease 

and vasculitis 
Multiple sclerosis 

Trauma 
Head injury 
'Punch drunk' syndrome 

Tumour 
e.g. Subfrontal meningioma 

Alzheimer's disease accounts for 60% of all dementias; cerebrovascular disease 20%. 
It  is important to investigate all patients with dementia as many causes are treatable; in 

practice 10-15% can be reversed. 

Based on site 
Subdividing dementia depending upon the site of predominant clinical involvement is of 
questionable diagnostic value. However, many clinicians use this classification: 

Anterior 
(Frontal premotor cortex) 

1 
Behavioural changes/loss 
of inhibition, antisocial 
behaviour, facile and 
irresponsible 

1 
e.g. Normal pressure 
hydrocephalus 
Huntington's chorea 
Metabolic disease 

Posterior 
(Parietal and temporal 
lobes) 

1 
Disturbance of cognitive 
function 
(memory and language) 
without marked changes 
in behaviour 

1 
ALZHEIMER'S 
DISEASE 

Subcortical Cortical 
Apathetic Higher cortical 
Forgetful and slow, abnormalities 
poor ability to use - dysphasia 

knowledge - agnosia 
Associated with - apraxia 
other neurological 1 
signs and movement e.g. ALZHEIMER'S 
disorders DISEASE 

1 
e.g. PARKINSON'S 
DISEASE 
AIDS DEMENTIA COMPLEX 
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1 

I 

I DEMENTIAS - HISTORY AND CLINICAL EXAMINATION 

When obtaining a history from a demented person and relative, establish: 

i - Rate of intellectual decline - Nutrition status 
I 
I - Impairment of social function - Drug history 
1 - General health and relevant disorders, - Family history of dementia. 

I 
e.g. stroke, head injury 

A simple bedside battery of tests includes: 
- Age - Dates of World War II 
- Place of birth - Months backwards 
- Date of birth - Interpretation of proverbs 
- School - Following three stage commands 
- Date - Read and obey instructions 
- Time of day - Name objects 
- Season of year - Copy design 
- Prime Minister - Serial 7s 

In early or pseudodementia a formal 
assessment from a clinical psychologist is advisable. 

Tests to assess intellectual function are designed to check: 
- Memory 
- Abstract thought 

I - Judgement 
- Specific higher 

cortical functions 

On neurological 
examination note: 

- Focal signs - Pseudobulbar signs 
- Involuntary movements - Primitive reflexes: 

I I 

I Glabellar reflex 
Pout reflex I Patient cannot i n h ~ b ~ t  blink~ng 

Tap lips I in response to st~mulat~on 

w ~ t h  tendon : (tapp~ng between the eyes) 

hammer I 

- a pout /--- ,,>--q;5. 
response is /,/ - s; 
observed I 

! , i 

I 

Grasp reflex j Palmomental reflex 

I 

palm of hand induces 'grasp' 

Primitive reflexes are present in infancy and in aged people, 

induces sudden contraction of 
mentalis muscle in face 

as well as in dementia. 
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DEWENTIAS - SPECIFIC DISEASES 

AL2MEIMERYS DISEASE 
This is t h e  commonest cause of dementia with an estimated half rniIlion sufferers in the 
UK. The disorder rareIy occurs under the age of 45 years. The incidence increases with 
age. Up to 30% of cases are familial. 

Pathology 
(i) Neuritic plaque: a complex extracellular (ii) Neurofibrillary tangle: an intracelluIar 

_, lesion of 15-lG€ipm. Icrion. Paired helical strands 
of protein close to nuclci of 
neurons. MainIy affecring 
pyramidal cells of cortcw 

and parietal Iobcs 

Thcsc lesions arc sssocistcd with neuronal 
loss and pranulovacuolar degeneration 

The brain is small with atrophy most evident in thc -,_ 
tuperior and m~ddlc  tcrnporal gyri. -_  

, 
Sukortical origin5 o f  cholinergic 
projection!: are also involved. 

Diagnosis may be established during life by the early memory failure and slaw 
progression and by excluding other causes. 
Recent claims that p amyloid deposition also occurs in skin and intestine raises hopes of 
biopsy as a diagnostic marker. 

CT scanning: aids diagnosis by excluding multiple infarcrion or a mass lesion. 

(Thraugh Shrunken walnut appearance 
ventricular 

system) .Mild to moderate ventricular 
< P r k  

(High 'cut' 
enlargement over 

cortex) 
Enlarged cortical sulci (3 , ?A .- 

e basal cisterns and 
large Sylvian fissure 

Causation 
The cause of Alzheimer's disease is not known. An association with Down's syndrome 
suggests a diseasc Iocus on chromosome 21 (on which arnyloid precursor protein is coded), 
and this has been confirmed in familial cases. The role of environmental toxins, especially 
aluminium, is uncertain. Early research suggested selective lesions sf neurotransmitter 
pathways occurred and a disorder of cholinergic innervation was postulated. It is now 
known that many neurotransmittcr pathways are defective. 
Treatment 
No effective treatment exists. Transmitter augmentation therapy seems unlikely to be 

124 effective in view of the many neurotransmitters involved. 
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DEMENTlAS - SPECIFIC DISEASES 

MULTI-INFARCT (artcriosclesatic dementia) 
This is an overdiagnosed condition which accounts for lcss than 10% of cases of dementia. 
Dementia occurs 'stroke by stroke', with progressive focal loss of function. Clinical features 
sf stroke profile - hypertension, diabetes, etc. - are present. 
Diagnosis is obtained from the history and confirmed by CT scan. 

Low density areas of infarction 

/ :  i These areas are not space-occupying and 
do not enhance after intravenous contrast 

\ 
. , 

,' Treatment: Maintain adequate blood pressure control. 
- 

Anti-platelet aggregants (aspirin). 

PICK'S DISEASE 
This progressive condition accounts for 5% of all dernentias. 
Usually sporadic, it more commonly affects women between 
40 and 60 years. Frontal lobe dysfunction predominates with 
apathy, lack of iniriative and personality changes. CT scan 
shows frontal atrophy. Blood flow studies (SPECT (HMPAO: 
reveal anterior hypopcrfusion. The  disorder is characterised 
pathologically by arguvrophilic inclr~sion bodies within the 
cytoplasm of cells of the frontotemporal cortex. There is no 
treatment, death occurring within 2-3 years of the onset, 

PRIMARY PROGRESSIVE DYSPHASIA 
Domrnant hemisphere pcnsylvian atrophy is associated w ~ t h  progrcssivc di~rurbance nf l a n ~ a g e  which, after many 
years, develops inrn a gencraIiscd dementia. PathologicaIlp non specific cell loss or spongiform changes disringuich 
this rare condition rrum Ak~hcimcs's discasc. CT scanning mnfims focal atrophy. 

AIDS DEMENTIA COMPLEX (see pages 495-4961 
Approximately two-thirds of persons with AIDS develop dementia, mostly due to AIDS 
dementia complex. In some patients HTV is found in the CNS at postmortem. In othcrs an 
immune rncchanism or an unidentified pathogen is blamed. 

Dementia is initially of a 'subcortical' type. 
CT shows atrophy; MRI shows increased T2 signal from white matter. Imaging 

excludes other infections and neoplas~ic causes of intellectual decline. 
Trcatm~nt with Zidovudine (AZT) halts and partially reverses neuropsychological 

deficit. 

METABOLIC DEMENTIA 
Gcneral medical examination is important En suggesting underlying systemic disease. R12 
deficiency may produce dementia rather than subacute combined degeneration of the spinal 
cord. 

In alcoholics, consider not only Wernicke Korsaknff syndromc bur also chronic strbdttral 
haewtatoma. 

125 
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DEMENTIAS - SPECIFIC DISEASES 

NORMAL PRESSURE HYDROCEPHALUS 
Normal prewure hydrocephalus (NPH) is the term applied to the triad of: 

Dementia occurring in conjunction with 
Gair disiurb~nce hydrocephalzis m d  normal 
Urinary incontinence 

Two types occur: 
- NPH with a precedittg cause - subarachnoid haemorrhage 

- meningitis 
- trauma 
- radiation-induced 

(This must be disringuished from hydrocephalus with raised intracranial pressure 
associated with these causes.) 

- NPH with no known preceding cause - idiopathic (50%). 

Aetiology is unclear. I t  is presumed that at some preceding period, impedence to normal 
CSF flow causes raised intraventricular pressure and ventricular dilatation. Compensatory 
mechanisms permit a reduction in CSF pressure yet the ventricular dilatation persists and 
causes symptoms: 

-_*. -. Pressurc on frontal lobes -Dementia 
(possibIy reIated to decreased 
cerebral blood flow). 

---- Pressure on the cortical centre -Incontinence 
for bladder and bowel control 
in the paracentral Inbe. 

-'.. Psessurc on the 'leg fibres' from - Gait disturbance 
the concx passing around the and pyramidal 
ventricle towards the internal capsule. signs in the legs 

Diagnosis is based on clinical 
picture plus CT scanJMR1 evidence 
of ventricular enlargement. 

Note the presence or absence 
of periventricular lucency IPVU 

The lateral ventricles are I and width of cortical sulci 
I 

often dilated more than the - 
3rd and 4th \ 

Normal pressure hydrocephaIus must be differentiazed from patients whose ventricular 
enlargement is merely the result of shrinkage of the surrounding brain, e.g. Alzheimeras 
disease. These patients do not respond to CSE shunting, whereas a proportien of patients 

126 with NPH (but not all) show a definitive irnprovcmcnt with shunting. 
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I 

I 

I DEMENTIAS - SPECIFIC DISEASES 
I 

Investigations 
Numerous tests have been assessed to predict those most likely to benefit from operation. 
The  most reliable are - 

Beta waves 
(i) The  presence of beta waves on continuous 
intracranial pressure monitoring for 
more than 5% of a 24 hour period. 

mm 

0 
(ii) Clinical improvement with continuous 
lumbar CSF drainage of 200 ml per 
day for three to five days. 

u 
I rnin 

Other tests include the presence of periventricular lucency or disproportionate sulcal width 
on C T  scan, isotope cisternography and CSF infusion studies but none appear to produce 
a reliable guide. 

Operation: Ventriculo-peritonea1 shunting (see page 363). 
Results: Improvement occurs in 50-70% of those patients with a known preceding cause 
e.g. subarachnoid haemorrhage. Only 30% of the idiopathic group respond to shunting. 

TRAUMA 
Reduction of intellectual function is common after severe head injury. Chronic subdural 
haematoma can also present as progressive dementia, especially in the elderly. 
Punch-drunk encephalopathy (dementia pugilistica) is the cumulative result of repeated 
cerebral trauma. I t  occurs in both amateur and professional boxers and is manifest by 
dysarthria, ataxia and extrapyramidal signs associated with 'subcortical' dementia. There is 
no treatment for this progressive syndrome. 

TUMOUR presenting as dementia 
Concern is always expressed at the possibility of dementia being due to intracranial 
tumour. This is rare, but may happen when tumours occur in certain sites. 

Mental or behavioural changes occur in 50-70% of all brain tumours as distinct from 
dementia which is associated with frontal lobe tumours (and subfrontal tumours), I11 
ventricle tumours and corpus callosum tumours. 

Suspect in recent onset dementia with 
focal signs, e.g. subfrontal lesions 
may be associated with loss of smell 
(I cranial nerve involvement) and 
optic atrophy (I1 cranial nerve 
involvement). 

Cognitive impairment also occurs as a non 
metastatic complication of systemic malignancy. 

N.B. Dementia can occur as a symptom of a 
more widespread degenerative disorder 
e.g. Parkinson's disease Huntington's disease 

Diffuse Lewy body disease Motor neurone disease 
Progressive supranuclear palsy These will be considered later 127 
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DEMENTIA - DIAGNOSTIC APPROACH 

I t  is neither practical nor essential to perform all the screening tests in every patient with 
dementia. The  presenting features should guide investigations. 

DEMENTIA Suspected cause Appropriate investigations 

- Alzheimer's disease 
- Pick's disease Confirmation: pathology signs or systemic 

with neurological 
signs 

(gait disturbance 
and incontinence) 

with neurological 
signs and systemic 
symptoms and signs 

endocrine symptoms 
and signs 

- Degenerative disease, - 
e.g. Huntington's chorea 

(post mortem) 

CTIMR scan 
Confirmation: pathology 

(biopsy) 
J 

CTIMR scan Genetics 
Confirmation: pathology 

Frontal lobe tumour I Confirmation: CSF pressure I 
- Normal pressure hydrocephalus --t 

- Inflammatory disease, P 

e.g. Demyelinating 

(biopsy or post mortem) 

CTIMR scan 

disease (page 499) 
Vasculitis & collagen 
vascular disease 

- Infective disease, m 

e.g. AIDS 
Syphilis 
Meningitis 

- Multi-infarct state w 

- Nutritional disease t 

- Metabolic and 
endocrine disease + 

- Post-traumatic t 

dementia 

monitoring (tumour-biopsy) 

Serum autoantibodies 
Evoked responses 

I CSF (immunology) I 
[CTIMR scan 
( Serum antibodies (viral) 
VDRL, TPHA 
HIV status 
CSF examination 
CTIMR scan 

CT/MR scan 

I 

Red cell transketolase 
(thiamine) 

Serum BI2 
Serum folate 

Function tests: 

parathyroid 

adrenal 

CTIMR scan 1 
Neuropsychometric testing is performed: 

- to diagnose early dementia 
- to separate true dementia from pseudodementia 
- to monitor progress or trials of treatment. 

W h e n  the reason for dementia is unclear, comprehensive investigation is essential to ensure 
128 that treatable nutritional, infective, metabolic and structural causes are not overlooked. 
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IMPAIRMENT OF VISION 

ANATOMY AND PHYSIOLOGY 
Anatomically the visual system is contained in the supratentorial compartment. It  is 
composed of peripheral receptors in the retina, central pathways and cortical centres. The 
control of ocular movement and pupillary responses are closely integrated. 

The retina: three distinct layers of the retina are identified: 

Pigmented ,- 

c h O r O i d '  @ ~ / ~ ~ \ ~ ~ -  _,Rods and cones - Rods - responsible for nightltwilight 
vision and for detection of peripheral 
movement. 
Cones - responsible for day vision1 
colour vision. 

- Bipolar cells - Rods and cones synapse with bipolar IAF::/ cells. 
Ganglion cells - The bipolar cells synapse with 

ganglion cells from which 

@ @@g' unmyelinated fibres run to the optic 
disc, where they become myelinated 

D 
and leave the eye as the optic nerve. 

Light source 

The macular region of the retina is its most important area for visual acuity. Here, cones 
lie in the greatest concentration whereas rods are more numerous in the surrounding 
retina. 

The optic nerve leaves the orbit through the optic foramen and passes posteriorly to unite 
with the opposite optic nerve at the optic chiasma. Here, partial decussation occurs (axons 
from ganglion cells on the nasal side of the retina cross over to the opposite side). 

The optic tract consisting of ipsilateral 
temporal and contralateral nasal fibres passes 
to the lateral geniculate body. A few fibres 
leave the tract before the lateral geniculate 
body and pass to the superior colliculus (fibres 
concerned with pupillary light reflex). 

Axons of cell bodies in the lateral 
geniculate body make up the optic radiation. 
This enters the hemisphere in the most 
posterior part of the internal capsule, courses 
deep in parietal and temporal lobes and 
terminates in the calcarine cortex of the 
occipital lobe. 

Visual cortex 129 
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IMPAIRMENT OF VISION 

CLINICAL APPROACH AND DIFFERENTIAL DIAGNOSIS 
Patients presenting with visual impairment require a systematic examination, not only of 
vision, but also of the pupillary response, eye movements, and, unless the cause clearly lies 
within the globe, a full neurological examination. 

The  findings aid localisation of the lesion, e.g. 

Impairment of vision + impaired pupil response 
indicates a lesion anterior to the lateral geniculate -' 
body 

A homonymous hemianopia + sensory and 
cognitive deficit indicates a parieto-temporal ----- -- 
lesion 

An isolated homonymous hemianopia - - - 
usually indicates an occipital lesion 

Refractive errors are excluded by testing visual acuity through a pinhole or by correcting a 
lens deformity (page 9). 

Four types of refractive error exist: 

PRESBYOPIA - failare of accommodation with age 
HYPERMETROPIA (long sightedness) - short eyeball 
MYOPIA (short sightedness) - long eyeball 
ASTIGMATISM - variation in corneal curvature 

If this examination is normal, then the lesion lies in the retina, visual pathways or visual 
cortex. 

Examine the globe and anterior chamber 

Involvement of the vitreous, uvea and retina; - ENDOPHTHALMITIS 
pus and debris present in the anterior chamber. 

Red, painful eye 
Excessive lacrimation 
Photophobia 

Examine the lens with an ophthalmoscope 

130 Opacification indicates CATARACT. 

Corneal surface inflamed - KERATITIS 

and ulcerated 
- 

Inflammation of iris UVEITIS 
Acute visual loss and ciliary body, small pupil 

Misty cornea, ACUTE 
ciliary congestion, GLAUCOMA 

dilated pupil, 
increased ocular tension 
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IMPAIRMENT OF VISION 

CLINICAL APPROACH AND DIFFERENTIAL DIAGNOSIS (contd)  
Examine the posterior segment of thc eye with an ophthaImoscope. 

Pupil dilatation may be required. 
Papiliornacular In the normal fundus, the disc is pale with a central cup 

and reddish-brown surrounding retina. Arteries and vein5 
cmetgt Crom the optic d i ~ c .  The  lnacarla is darker than the 
rest of the fundus and lies on the tcmporal side of the d i ~ c .  
One-third of all retinal fibres arise from the small rnacular 
reglon and pass to  the optic nerve head (disc) as the 
papillo~nacttiar b ~ m d l f .  The  macula is the region of sharpcst 
vision (cone vision), whereas peripheral vision (rod vision) 
serves the purpose of perception of movement and 
directing centraljmacular vision. The optic nerve head 
contains no rod3 or concs and accounts for the 
physiologicaE bliud spor in normal vision. The  rnaculas 
fibres being so functionally active, are the most susceptible 
to damage and produce a specific defect in the viwal field 
- a scotoma, 

Retinal abnorrnuIity with acute impairment of vision 

Arteries: narrow - branch occlusion, 
one vessel absent. 

em bolus may be visualised 4 ARTERIAL OCCLUSION 
Confirm with visual 

\, --, \, - Disc: white field examination. 
- Retina: pale and oedematous - 

A--,- ,,\. '* After a few days the rnacular area 
- -- . rAq,p:i:*-- becomes cherry red in appearance 

- T= F.. - (Retina thinned here and the choroid 
shows through.) 

An upper arterial branch occlusion s' 
0 

Altitudinal field defect 

is associated with a lower field defect ~ ~ o k  for embolic source, 
~n one eye. e.g. carotid stenosis. 

Loss of retinal colnur (becomes milky whitc) and rnacular blush. -. CENTRAL RETINAL ARTERY 
OCCLUSION 

Disc margin blurred Papitlitis: visva! acuity severely affected due 
/ to associated inflammation of the optic nerve 

---a- ----- --- Loss of physiological {retrobulbar neuritis). 
'central cup' 

Radial streaks and corrugated 
' ? ' appearance of the retina 

Haernorrhages may appear 
I 

131 
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IMPAIRMENT OF VISION 

CLINICAL APPROACH AND DIFFERENTIAL DIAGNOSIS (conrd) 
N.B. Distinguish: 
HYPERMETROPIC patients who have a pale indistinct disc often difficult ro 

differentiate from early papilloedema. 
HYPERTENSIVE RE~TNOPAT'HY - superficial haemorrhages and 'cotton wool' 

exudates. 
PSUEUDOPAPILLOEDEMA -'DRUSEN' - hyaline bodies near the optic disc which 

raise &c disc and blur the margin. This normal variant may be inherited. 

Separation of che superficial retina from the pigment layer - RETINAL 
DETACHMENT 
(traumatic or spontaneous) 

Retina! aBnormuIifies with gradual impairment of vision 

Disc white like a - OPTIC ATROPHY q/#.-,-- *tennis ball' with Primary (optic nerve disease): compression, 
A- 'punched out' foxins, ischaemia, optic neuritis 

-4 

margins: Secondary (following papilfoedema): 
n Ji - blood supply is I 

less prominent .L 

and the number visual field charting (see later) may 

of arteries reduced help differentiate cause 
N.B. Any disease of the optic nerve or anterior 
visual pathway causing loss of vision will 
eventually result in optic atrophy. 

Pigmentary deposits in the -, RETINITTS PTGMENTOSA 
periphery of the retina 

Progressive pallor 
of the optic disc 

- Areas of white sclera - CHOROIDITIS 
exposed along with areas Occurs in toxoplasmosis and in 
of proliferation of retinal c~ornega~ovirus infection -_--- _Zl/f pigmentary epithelium 

.- - follows atrophy of Field examination reveals a patchy 
the choroid loss. 

r l  LEFT RIGHT 

~ixation point ---a &;:- @ 
Blind spot -'*/ 
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IMPAIRMENT OF VISION 

CLINICAL APPROACH AND DIFFERENTIAL DIAGNOSIS (conrd) 

__--- Small deep haemorrhages - DIABETIC RE"ZTN0PATHY 
___--- and hard exudates in a 

/,--- - long-standing diabetic 

Dark oval mass - possibly related to - in middle aged - MALIGNANT MELANOMA 
secondary retina! patient 
detachment 

White mass behind the pupil - in infancy - RETINOELASTOMA 

Examine the visual fieIds 
If ophthalmoscopic examination is normal, or if optic atrophy is evident, then visual field 
examination is essential. Visual confrontarion is useful for detecting large dcfects, but 
smaller defects require visual field charting with a Goldmann perimeter (page 10). 

In interpreting the results of examination it is important 
to remember that the ocular system reverses the image. 
The nasal side of the fundus picks up the temporal 
image and vice versa. Damage, rherehre, to the nasal 
side of the retina will produce a temporal visual ficld 
defect. 
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IMPAIRMENT OF V1S1ON 

CLINlCAL APPROACH AND DIFFERENTIAL DIAGNOSIS (cant4  

Central scotoma Characteristic of most optic nerve lesions. 

e3 
RETROBULBAR NEURITIS - associated papillitis may be 

evident on fundoscopy; may be first sign of merl~iple sclerosis. 
OPTIC NERVE COMPRESSION 

X-ray optic foramen - Orbital Iesion (usually with 
CTlMRI scan - rtirno~dr proptosis) 

L ,  

/ 
(orbi tallintracrania1) - granuloma ' Lesion within optic canal 

Intraerann'al lesions - rumotw, e.g, rneningiorna 

- rrmour, e.g. mcningioma - ~ranzdowa 
(chordoma, demoid) - h~~peros tos i s ,  e.g. Paget's 

- p ran it lo ma, e,g. tubcrmloma, disease, fibrous dvsplasia 

Pupil response sarcoid (rare) 
may be impaired - anerdrysrn, e-g. ophthalmic -, angiography confirms 

1 
(Marcus-Gunn 
pupil, see page 142) 

1 
OPTIC NERVE GLTOMA - CTIMRl -+ exploration \ LEBER'S OPTIC ATROPHY - large bilateral scotoma 1 

Centro-caecal scutama 

The scotoma extends ro involve thc 
blind spot. Characteristic of toxic The scotoma extends from the blind spot 
amb!yopia - alcohol, tobacco. following the course of nerve fibres. 

Characteristic of glaucoma; seen also in small 

MononucIear blindness lesions close to the optic disc such as choroiditis. 

T h e  end result of an inflammatory, vascuIar or 
compressive optic nerve lcsion. 

Dircct pupiIlary response absent; consensuaI present. 

Junctional scotoma - indica~c- the prescncc of an o p f w  v m v  / ~ n n r t  

iwrl~adrare(v anrerlnr to the chiurtna. 
Nasal fihrrs nor nnly denisrate in tIlc chiasma, 

hut also loop forward into thc opposite optic nerve. 
T h i s  le~inn rmphasiscs thc irnpr~rtance of 
e x a m ~ n i n ~  rhc 'normal' eye in mnnocular 
impairment of visinn. 
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IMPAIRMENT OF VISION 

CLINICAL APPROACH AND DIFFERENTIAL DIAGNOSIS (conts)  
BitemporaE hemianopiajquadtantanopia 

Involvement of thc upper quadrants Involvement of the lower quadrants 
first indicates compression of the optic first indicates compression of the optic 
chiasma from below and suggests: chiasma from above and suggests: 
- PITUITARY ADENOMA - CRANIOPRARYNGTOMA 
- NASOFHARYNGEAL - THIRD VENTRICULAR TUMOUR 

CARCINOMA --t Skull X-ray( 
- SPHENOID STNUS CT scan/MRE 

\ 
CT scanIMR1 

MUCOCELE 

The optic chiasma is closely associated with the pituitary fossa. 
' .& 

tract , Lower temporal 
0 -  quadrant vision 

@--. Papiomacular fibres 

.. ' Upper temporal 
quadrant vision 

Homonymous hernianopia 
An incnngr7mlls homon4vvmot.ts herniannpia (i.e. one eye more affected than the other) suggests 

a cornprcssive lesion af r h e  optic tract near the chiasma. 

- wascrllar cause (sudden onser) 
- tunrour (gradual onset) 

\ 
CT scanlMRI 

- Optic tract 

The  'incongruous' defect occurs 
as a result nf rotation of nasal and 
temporal fibres. 135 

impaired when light is 
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tMPAIRMEMT OF VISION 

CLINICAL APPROACH AND DEFERENTL4L DIAGNOSIS (cantd) 
Congruous homonymous hemianopia (fields can he exactly superimposed) 

Inferior qrdadratttonopia 

N.R. Pupil response 
intact. 
Macula spared 

lesion of the QPTTC RADIATION 

- FARIETAL ETRRES 

I 
- zla~c~d/iLr cause 

(sudden onset) 
- rzclnollr (gradual 

onset) usually 
intrinsic, i.e. 
glioma or metastasis 

- abscess 

S~rperior qrladrantanopia I -- - CT scan(MR1 

+ lesion of the OITIC ILkI3IATlON 

-TEMI'OR.41. FIRRES 

At the temporo-parietal junction where fibrcs meet, lesions produce a cornplere 
'homonymous hemianopia'. 

Homon~ymous hernianopin with ~~~racrilar involvent~nr 
- _ indicate lesion involving ?he 

-P- , POLE OF THE CALCARIAF CORTEX 

I '4 
czrmnur - usually intrinsic 

I i.c, glioma or metastasis 
Flight I 

K.B. Pupil response intact occipital lobe \ 
(medial aspect) 

C T  scan,MRI 

In vascular disease the macuEa is often 
spared, perhaps as a result of the dual 
blood supply (posteriot and middle 
cerebral arteries) in this area. 

Complete 
visual loss 

BILATERAL VISUAX, - CORTEX DAMAGE - usually a vasc?liar cazrsc, 

'cortical blindness' with or e.g. basilar artery occlusion 
without awareness. 

The interpreration of the visual image and its integration with other cortical functions is 
136 discussed under 'Higher cortical function'. 



CLINICAL PRESENTATION, ANATOMICAL CONCEPTS AND DIAGNOSTIC APPROACH 

DlSORDERS OF SMELL 

OLFACTORY (I} crania1 nerve conveys the sensation of smell. 

\ /  
Nasal cavisy .. I 

The axons partially decussate as they pass 
back in the olfactory tract tn the pirr'form 
areu of the temporal lobe and the 
am-vgdaloid ntccletds. 

A number of fine nerves arising from 
receptor cells in the nasal mucosa pierce 
the cribrifnrrn plate of the ethmoid bone. 
These pass to the olfacror-v bulb where they 
synapse with neurons of the olfactory 
tract. 

Undersurface 
of frontaE 

h 

Piriform ._ 

~ l b  

tract 

area 
I 

lnfundibulurn Marnillary bodies 
Differential diagnosis 

I 
TEMPORARY- Upper respiratory rract it!fection: inflammation of the nasal 

mucosa is the commonest cause of impairment or loss of 
srneII. 

-Head injury: anosmia mav occur with os without evidence of 
IMPAIRMENT cribriform plate fracture. Recovery is usual. 
or LOSS OF - Viral infections: any viral illness map cause anosrnia which m n  be 
SMELL permanent 

(anosmia) L Drugs: penici!Iaminc 

- unilateral - Erzdocrine disease: Addicon's disease and rhyrnroxicnsi~ 

or bilateral TEMPORARY( - TFIWZOU~S: Olfactnry groove meningioma 
PERMANENT Frontal bone osteoma 

Piru~tary  turnnurf 
Frontal lobc glioma 
Frontal lnhe ab-crss 

- Aneurjjsm nf the circle of Willis: Anterior communicating, 
Ophrhalrn~c 

-Raised inrracraninl pressure: without local damage to olfacton: 
rtruomrus, may rarely cause 
anosmia 

P O S T E R - K E N ~ D Y  - Ipsilateral anosmia 
SYNDROME: - lpsilateral optic atrophy - occurs with olfactory groove 

- ContralareraI papilloedema or sphenoid ridge masses 

OLI:ACI'ORY HALLUCTNATTONS - occur in complex partial seizures and migraine 1 37 
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PUPILLARY DISORDERS 

ANATOMY /PHYSIOLOGY 

The irk controls che size of the 
pupil. I t  contains two groups of 
smooth muscle f bre: 

I .  Sphincter pupilZae; a circular 
constrictor, innervated by 
the parasywzparheric nervous 
system. 

2. Dilaror pupillae; a radial 
dilator, innervated by the 
sywrparlretic nervous sysrem. 

Pupillary size (normal 2-6 mm) 
depends on the balancr between 
sympathetic and 

' The  ciliary muscle, innervated parasympathetic tone. 
by the parasympathetic, 
controIs the degrce of cnnvexity of the Fens through the 
ciliary zonule. 

Pathway of pupillary constriction and the light reflex (parasympathetic) 

Light A stimulus, such as a bright light 
shonc in the left eye, will send an 
afferent impulse along the optic 
nerve to the midbrain (superior 
colliculus); here a second order 
fibre passes to the Edin~er  
IVestpkal nucler4.r (part of the I11 
nerve nucleus) on the same and 
opposite side (through the 
posterior commissure). Efferent 
fibres Ieave in the oculomotor 
nerve, pass to the ciliary ganglion 
and thencc, in the short ciliary 
nerve, to the constrictor fibres of 
the sphincter pupillae muscle. 

nucleus -,, If all pathways are intact, 
shining a light in one eye will 

- Midbrain consrrict both pupils at an equal 
geniculate -, rate and to a similar degree. 
body 

4 1 -  

Posterior cornrnissure---------- '- '-- Superior co~liculus 
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'PUPILLARY DISORDERS 

Pathway of pupillary dilatation (sympathetic} 

Sympathetic fibres descend from the 
Hypothalamus ipsilaterai hypothalamus through the lateral 

aspect of the brain stem into the spinal 
cord. The  pupillary fibres pass out in the 
anterior roots of CS and TI, enter the 
sympathetic chain and, in the superior 
cervical ganglion, give rise to postganglionic 
fibres which ascend on the wall of the 
internal carotid artery to enter the cranium. 
The fibres eventually leave the intracranial 

Ciliary ganglion portion nf the internal carotid artery and 
pass directly through the ciliary ganglion to 

Internal carotid artery the iris or join the cranial nerves 111, IV, V 
and VI, running to the eye and iris. 

uperior cervical ganglion Sudnmotor fibres (concerned with sweating) 
run up the external carotid artery to the 

wical sympathetic chain dermis of the face. 

Interrriprption of s~vnparheric suppljt ajfects: 
1. PupiIIary dilatation causes a small pupil (miosis) 
2. Levator palpebrae muscle (30% supplicd by sympathetic) causes drooping of eyelid 

(ptosis) 
3, Vasoconstrictor fibres to orbit, eyelid and face causes absence of sweating. 
Irnrcrruptabn of parasympathetic supply affects: 

Pupil constriction causing a Earge pupil (rnydriasis) 

Mechanism of accommadation 
When gaze is focused on a ncar object the media! rectus muscles contract, producing 
convergence, the ciliary rnusclcs contract cnabling the lens to produce a more convex shape 
and the pupil constricts (accemmodation fnr near vision). 

The pathway is poorIy understood but must ,-'--- n 
involve the visual cortex, Edingcr-WestphaI nuclei 
and both medial rcctus components of the TIT 

CEb 0 
/' 

nerve nucleus in the midbrain. # 
Inability of the pupil to constrict during accommodation need not always be associated 

with impairment of convergence, though u3ually this is the case. 

Pzip f 1lar.y IneqrtaIit-v <A nisocnria) 
A difference in pupil size occurs in 20% of the normal population and is distinguished 
from patholoaical states by a normal response to bright light. 
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PU PILLARY DISORDERS 

PUPIL DILATATION - CAUSES 
III nerve lesion 

n Examination of the light reflex (page 1 1) distinguishes 

w 0 lc~ions nf the optic (11) and oculomotor (IIT) nerves. 
Eailure of the pupil to constrict when light is shnne into 
either the affected or the conrralateral eye indicates a 
lesion of the parasympathetic cornponenr of the 111 
nerve. 
Look for - ptosis - 70% of levator palpehrae muscle is 

supplied by the ocuIomotor ntrve 
- impaired eye movements. 

Cazises of a J I J  nerve lesion are described o t ~  pare 149.  
In comatose patients, pupil dilatation and failure zo react to light is the simplest way of 
detecting a 111 nerve lesion; after head injury or in patients with raised intracranial 
pressure this is an important sign of transtentorial herniation. 

The tonic pupil - Adie's pupil 
This is a benign condition usually affecting young women. Onset is usually acute and 
unilateral in 80%. 

The pupil dilates and the patient complains of mistiness in the affecred eye 
Pupil constriction ro both direct and 
consensual Iight is often absent but very 

, slow pupillary cnnstriction occurs with 
I' accommodation. 

0 
/ 

/ 
I 

h" 7 When accommodation a -. @ is relaxed, slow dilatation 

Occasionallp the pupil appears completely unreactive to both light and accommodation. 
When the pupil is associated with reduced or absent limb reflexes this is termed the 
Holmes-Adie syndrome. More widespread autonomic dysfunction-arthostatic hypotension 
segmental disturbance of sweating and diarrhoea can co-exisr. 
Dia~nosi.~: confirmed by pupillary response to pilocarpine (0. I O/o or 0.05 %) - the tonic 
pupil will constrict (denervatinn hyperrensitivity); the normal, eye is not affecred. 

The cause is unknown; the lcsion probably lies in the midbrain or ciliary ganglion. 

Migraine: Mydriasis persisting for some hours can accompany headache. 

Drugs: Mydriasis ocurs with anticholinergjc drugs (atropine), tricyclic antidepres?ants, 
non-steroidal anti-inflammatories, antihistamines and oral contraceptives. It can precipitate 
an attack of acute angle-closure glaucoma. 

7 40 
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PU PIILLARY DISORDERS 

L PUPIL CONSTRICTION - CAUSES 

Horner's syndrome 
MIOSIS: the affccted pupil is smaller than the 

opposite pupil. I t  does not dilate when the Lesion 
cye is shaded. n 

WOSIS:  thc afftlcted eyelid droops and may he 
slightIy raiscd voluntarily. Ptosis is Icss 

4 9  
marked than with a TIT nerve palsy. 

D~STURBANCE OF SWEATING: depends on the site of the lesion. Absence of 
sweating occurs when the lesion is proximal to fibre separation along the 
internal and external carotid arteries. 

I Horncr's syndrome may result from sympathetic damage at the following sites: 

- - - Middle fussa 
Brain stem 

- 
- Tumour, granuloma 

I - Intrinsic tumour, e.g. gliorna 
- Vascular lesion 
- Syringobulbia 

Enternat carotid artery 
Cervical cord - Trauma and occlusion/dissection - Intrinsic turnour - - - - 

e.g. glioma 
- Syringomyelia Cervical sympathetic chain 

- Carcinoma of the apex of the lung 
{Pancoast syndrome) 

Anterior roofs C8, T7 
- Tumour, e.g, neurofibroma 
- Lower brachial plexus palsy 

The congenital or familial form exists, often assnciatcd with lack of pigmentation of the  
iris. The lesion site is unknown. 
Distinguish peripheral and ccntraI Icsians by instilling drugs, e.g. E ' l/n cocaine in eyes. 

Preganglionic lesions Postganglionic lesions 

Right n n 
sided 
Horner's a 

Right 
sided 

/-' 

Horner's QeD 
Cocaine acts at the adrenrtgic nerve endings and, Wflcn the lcsion IS postganglinnic, cncainc has 
by prevcnt in~  adrenaline uptake, causes pupil. little effecr hccausc hcrc  arc no nerve ending4 on 
dilatation when thc lusron is prcganglionic. which the drug may act. 

Ifiz~estigatiur approach: depends on associated signs. Chcst X-ray is mandatory to exclude 
an apical lung turnour. 
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PUPILLARY DISORDERS 

PUPIL CONSTRICTION - CAUSES (contd) n n 

The Argyll-Robertson pupil - - w 8 ,  
Small p ~ p i i s  irre,yztlar in shape, which do - --'- 
not react to light but react to --- 9 ,!- 
accommodation. - - --- 

They respond inadequately to pupillary - <ax --. 
\ dilator drugs. 4 A' 

Argyll-Robertson pupils are usually synonymous with syphiliric infection, but they may also 
result from any midbrain Iesinn - ~aeofilastic, vascular, inflammatory or demyelinative. 
The Argyll-Robertson pupil has also bcen described in diabetes and in alcoholic neuropathy 
as well as following infectious mnnonuclcosis. The lcsion could tie in thc midbrain, 
involving fibres passing to the Edinger-Westphal nucleus, in the posterior commissure, or 
alternatively, in the ciliary ganglion. A central lesion seems most likely. 

Inz)esti~olive appmach: - look for agsociated signs of neusosyphilis 
- blood serology - VDRL, Captia G. 

Drugs 
Parasympatharnimetic drugs - Carbachol, phenothiazines and opiates produce miosis. 

N.B Do not confuse with small pupils, normally occuring in t h e  elderly. 

OTHER PUPILLARY DISORDERS 

Failure of accommodation and convergence 

Impaired accommodation and convergence are of limited diagnostic value since other 
clinical features are usually more prominent. 

Causes - cxtrapyramidal disease, e.g. Parkinson's 
- turnours of the pineal region. /"--' n, a .,.>' 

The Marcus Gunn pupil (pupiIlasy escape) 

Illumination of one eyc normally produces 
pupillary constriction with a degree af waxing and n n :e 
waning (hippus). 

When afferent transmission in the optic nerve is a 4 3  
impaired, this 'escape' becomes more cvidcnt. 

Tf the light source is 'swung' from cye to eye, 
dwelling 2-3 second3 on cach, fit affected pupil 
may eventually, paradoxically, dilate - a 'Marcus 

A- 
Gunn' pupil. 
The  swinging light rest is a sensitive test of optic nervc damage but is also abnormal in 
retinal or macular disease. 
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DIPLOPIA - IMPAIRED OCULAR MOVEMENT 

Diplopia or double vision results from impaired ocular movement. 
RELATED ANATOMY AND PHYSIOLOGY 

Six muscles control eye movement: 
1. Superior rectus 
2. Medial rectus 
3. Inferior rectus III - ocuPomotor nerve 
4. Inferior oblique 
5. Superior oblique - IV - trochlear nerve 
6. Lateral rectus - VL - abducens nerve 

The  111, IV and VI cranial nerves enter 
the orbit through the superior orbital fissure. 

Optic foramen, , Trochlear nerve 

of oculomotor nerve 

Inferior division 
of ocutomotor nerve 

The line of action of individual ocular muscles 
Eye movements result from a continuous interplay of all the ocular muscles, but each 
muscle has a direction of maximal efficiency. The oblique muscles move ths eye up and 
down when it is turned in. The superior and inferior recti move the eye up and down 
when it is turned nut. 

Looking up and out Looking up and in 
superior rectus f inferior oblique 

Lateral Medial 
movement lateral - 

sectus 
a 2 medial movement 

(a bductionl 1 {adduction) 

Looking down and out Looking down and in 
inferior rectus superior oblique 

Eye movements are examined in the six different directions of gaze representing individual 
muscle action. 
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DIPLCIPIA - IMPAIRED OCULAR MOVEMENT 

The h e  of zction of individual ocular muscles (cont~$ 

As a result of the angle of insertion into 
the  globe, the inferior and superior recti 
and the oblique muscles also have a 
rotatory or torsion effect. 

When t h e  eye is turned out, the oblique 
muscles rotate the globe; when turned in, 
the in fer ior  or superior recti rotate the 
globe. S.O. I.R. I.R. S.O. 

OCIJLOMOTOR (nI> nerve 
The oculornotor nucleus lies in the ventral 
periaqttcductal grey marrer at the level of 
the strperior collicuius. Nerve fibres pass 
through the red nrdcleus and substanta'a 
ntfra and emerge medial tn rhe cerebral 
peduncle. 

The nucleus has a complex structure: 

Perfia's nuclei (parasympathetic) 
concerned with convergence 

Superior colliculus 

Aqueduct I , Ill nerve 
Aqueduct I 

Ill nerve 

Red 
Midbrain , -- nucleus 

- nigra 

peduncle 

and accommodat~on. 5 ,* ' Ill nerve 
k I 

Edinger - Westphal nuclei 
Iparasympathetic) 
concerned with 
pupil constriction 

Medial rectus and -- 
inferior oblique 

Inferior rectus --- - 
The nucleus is a paired structure 

Superior rectus --- which lies close to the midline, the 
portion representing the medial rectus 

Caudal nucleus of -' abutting i t s  neighbour. 
Perlia (levator of eyelid) 
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DIPLOPIA - IMPAIRED OCULAR MOVEMENT 

III nerve (contd) ;Tx--- Pupillav fibres lie 
superficially in the nerve." 

\ 
\ 

On leaving the brain stem the Posterior cerebral \ 
\ 

nerve passes through the 
interpedrtncular cisrem close ro 
posterior communicating artery -,__ - 
and runs towards thc cavernous 
sinus. 

Superior cerebellar 
artery 

+ This in part explains early pupilla~y involvement with I11 nerve compression and pupillary 
sparing with nerve infarction in hypertension and diabetes. 

Pituitary 
The  nerve runs within the lateral wall of the / 

cavernous S ~ R U S  2, 

and then finally through the superior 
orbita! fissure into the orbir. 

Here it divides into: 
1. Superior branch to the levatar of the 

eyelid and the superior rectus. 
2. Inferior branch to the inferior oblique, 

medial and infcrior rccti. Sphenoidal sinus Internal carotid 

n ewe 

nerve 

nerve 

nerve 

artery 

TROCHLEAR (IV) nerve 
This nerve supplies the slrjlerior obiiqzte mllscle of 
the eye. 'Emerging IV nerves 
The nucleus lies in the midbrain at the level of the 

I /'"' \ 
inferior collicrrlus, near rhe ventral periaqueducral 
Erey mmarrer. The nerve pawerr laterally and dorsally 
around the central grey matter and decussatcs in 
the dorsal aspect o i  the brain stem in close , tV nucleus 

proximity to the anterim medullary velurn of the 
cerebellum. 
Emerging from the brain stem the nerve 
passes laterally around the cerebral 
pedmcle and pierces the dura to Iie in 
the lateral wall of &e cavernous sinus. \. Corticobulbar 
Finally, it passes through the superior 
orbital fissure into the orbit. 

Midbrain 
corticospinat 

tracts 
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DIPLOPIA - IMPAIRED OCULAR MOVEMENT 

ABDUCENS (VI) nerve 
This nerve supplies the IateraI recn4.~ rnt~scle of the eye. Medial longitudinal 

T h e  nucleus lies in the floor of the bundle 

IV ventricle within the lower portion of Superior 

the pons. T h c  axons pass ventrally 
through the pons without decussating. 

Note the clme association of rhe VI 
and VII nuclei. 

Emerging from the brain stem the 
nerve runs up anterior to the pons for 
approximately 15 rnm before piercing 
the dura overlying the basilar portion of 
the occipttal bone. 

Greater wing 
t9h of sphenaid bone tract ' Vl nerve 

Under the dura the nerve runs up the 
perrozts portion nf the temporal bone 
and from its apex passes on to the 
latcral wall of the cavcrnolis sinus and 
finally through the stiperior wrhiral 
fissure. 

Note the long intracranial course 
and the proximity of the VI to t h e  V 
cranial and greater superficial perrosal 
nerves at the apex of the petrous 
temporal bone. 

,' 
DIPLOPIA 

/ 
/ paralysis 

/ 

When the eyes fix on an image, Y ,/ of right 

impairment of movement of one eye lateral 

0 J?l rectus 
results in projcction of the image upon the ,- 

# 
/ rnacular area in the normal eye and to one 

,' 1 

side of the macula in the patetic eye; two , I 

images of the single object are thus a 

perceived. 
The image seen by the paretjc eye is the false irna~e; that seen by the normal eye is the 

true imagc. The false image is alwavs outermosr; this may lic in the vertical or the horizontal 
346 plane. 
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DIPLOPIA - IMPAIRED OCULAR MOVEMENT 

CLINICAL ASSESSMENT 

proptosis - orbital tumour - CTlMRI scan 
(forward or granuloma 
displacement - carotid cavernous 
of the globc) f i s t l i l ~  t angiography 

- cavernofis sinus - CTlMR sinuses 
1. Examine the orbits tfiromltosis (contiguous infection) 

- rhyruroxicosis CT/MRI (rnusde 
(unilateral cnlargcrncnt) 
cxophthalrnos) thyroid function 

globe fixation - orbital fracture with - X-ray/CT 
tethering of thc globe 

2. Examine ocular movement (page 12) 
- note the presence of a squinr or srrabi.~mus 

n n 
i.e. when the axes of the eyes are not parallel. *a a3 

Concomitant squint (heterotropia) - an ocular disorder. The eyes 
adopt an abnormaI position in relation to each other and the deviation 
is constant in all directions of gaze. Such squints develop in &c first 
few years of life before binocular vision is established, usuaIEy they are 
convergent (esotropia), occasionally divergent (exotropia). Suppression 

f of vision from one eye (amb[vopia ex annpsia) results in absence of 
Differentiate diplopian 

< 

Occasionally patients subconsciouslp alternate vision from one eye to 
rhe other, retaining equal visual function in both - strabismus 
alternans. Correction of an underlying hypemetsopia with convex 
lenscs may offset the tendency for the eyes to converge. 

Paralytic squinr: 
- Affected eye shows limited movement. 
- Angle of eye deviation and diplopia greatest when looking in the 

direction controlled by the weak muscle. 
- Diplopia is always present. 
- T h e  patient may assume a head tilt posturc to minimise the 

diplopia. Paralvtic squint results from disturbance of function of 
nerves or muscles. 

In the primary pnsition, the affected eye deviates n 
L 

n 
laterally (due to unopposed action of the latera? rectus) 
and ptosis and pupil dilatation are evident. 

- 4 E D  

(Ptosis may be complete, unlike thc partial ptosis of a Homer's syndrome which disappears 
on looking up.) 147 



CLINICAL PRESENTATION, ANATOMICAL CONCEPTS AND DIAGNOSTIC APPROACH 

DIPLOPIA - IMPAIRED OCULAR MOVEMENT 

IV NERVE LESTON n /-'-. 
The eyes appear conjugate in the primary posirion. - a a 

Testing eye movernencs reveals defective depression of the n /'-l 
adducted eye. ------+ a3 0 

SymptornaricalZy the patient cemplains of double vision 
when looking downwards, e.g. when descending stairs or 

\ 
reading, and the head may tilt to the side opposite the weak 
superior oblique to minimise the diplopia. - - -- - - - + . . 

'C 

A IV nerve palsy is difficult to detect when associated with a 
ELI nerve palsy. If inward rotation (intorsion) is absent on 
looking downwards when the eye is abducted, then a IV nerve 
palsy coexists with the III ncrve palsy. 

VI NERVE LESION - 
The eyes appear conjugate in the primary position. n n 

On looking to the paralysed side (right) there is failure of--* 
abduction of the affected eye. 

a 0 - 
Diplopia is horizental (true and fake image side by side), is present only when looking to 

the paralysed sidc and is maximal at rhe extreme of binocular lateral vision. 

NOTE: In partial ocuIomotor palsies, the patient may be aware of diplnpia, although eye 
movements appcar normal. When this occurs: 

- check diplopia is 'true' by noting irs disappearance on covering one eye. 
- determine the direction of rnaxlmal image displacement and the eye responsible for 

the outermost image (see page 13). 
This information is sufficient to differentiate a 111, IV and VI nerve lesion. 

OCULAR MUSCLES 

If the limitation of eye movement i~ not restricted to one muscle, or group of muscles with 
a common innervation, and affects both eyes, look for: 

- involvement of extraocular muscles 
(Ievator palpebrae superioris, orbicularis oculi) w~lasthewia gra-zjis 
- signs of fatigue on repeated testing nctclar ~rrynpa r h ~ ~  



CLINICAL PRESENTATION, ANATQMlCAL CONCEPTS AND DIAGNOSTIC APPROACH 

t DIPLOPIA - IMPAIRED OCULAR MOVEMENT 

CAUSES QF 111 NERVE LESION 

Midbrain Orbital fissurelorbii 

When BILATERAL + oculomotor 1 

(WEBER'S SYNDROME) 

..V.,' 

/ Basilar artery I \ 
1 I VI nerve \ 

\ 

nucleus 
When III nerve lesion 
is associated wi th 

TREMOR - red nucleus 
or 

C O m A t A f E R A L  
HEMIPARESIS + cerebral 

/ 
I 1V nerve 

Look for PRoPTOSlS and 
Infarction, associated involvement of the 
demyelination, IV, VI and FIRST DIVISION 
intrinsic tumour, of the v NERVES ' 

e.g glioma, - Orbital tumour, 
basilar aneurysm granuloma, 
compression - Periosfeiris 

, . 

lnterpeduneular cistern 

t WHEN I11 NERVE LESION IS ASSOCIATED WITH: 

D€TERIORATION OF + Transtentorial 
CONSCIOUS LEvf C herniation 

6 RETRO-ORBITAL PAIN ? SW B - - Aneurysm compression 
ARACHNOID HAEMORRHAGE (posteri~r communicating 

or basilar aneurysm) 

1 MENINGISM + OTHER -. Basal meningitis 
CRANIAL NERVE PALSIES - JB, syphilitic, bacteria!, funga\ 

- carcinomatous 

PUPIL REACTION SPARED 4 Nerve trunk infarction 
SUDDEN ONSET - h yperlensi~n, 

Cavernous sinus 

Look for associated 
involvement of IV, VI and 
1 St DlVlSlDN OF V NERVE 

- Turnour e.g. 
pituitary adenoma, 
meningioma, 
metastasis, 
nasopharyngeal ca rcinorna 

- Intracavernous aneurysm 
- Cavernous sinus 

throrn bosis 

- diabetes, 
- polyarteritis nodosa, 
- StE 



CLINICAL PRESENTATION, ANATOMICAL CONCEPTS AND DIAGNOSTIC APPRQACM 

DIPLOPIA - IMPAIRED OCULAR MOVEMENT 

CAUSES OF IV and VI NERVE LESIONS 
Orbital fissure 

Midbrain orbit for Ill 
When IV nerve lesion is associated with: Cavernous sinus 

I 

CONf RAIATERAC I 

HEMIPARESIS, I I 
CON~FIAMTERAL intrjnsic turnout-, I 

HEMISENSORY LOSS 

velum and 

Posterior ' 

Causes 
as for I11 
nerve 
lesion 

. - 
Petrous Bone 
When VI nerve lesion is associated with: 
PAIN in the distribution o f  
triaeminal nerve (esoeciallv Cerebellar . < uraaer 

peduncles , , the  first division) ? 
I ' ;/ Z 

(Tentorium cereberli I Excessive L 
I I 

and cerebellum omitted) I. 
superior pe 

syrrurome 
ACRIMATloN - 
trosal sinus involvement. 

I' Long intracranial course may result in damage 
Power pons - - -I from raised intracranial pressure (false localising sign) 

When YI nerve lesion is associated with: 

CONTRALATERAL HEMIPARESIS, nuclear or infarction, 
CONTRALATERAL HEMISENSORY LOSS, 
LOWER MOTOR NEURON VI1 LESION intrinsic turnour, e.g. gEiorna 

NOTE: Infective or carcinomatous meningitis and nerve trunk infarction may also invalve the IV 
and VI nerves, although less often than the Ill newe. 

Investigative approach 
Impaircd ocular movement from 111, IV or VI nerve lesions requires full investigation 
with cnnvenrional or dynamic CT scan, MRI and, where appropriate, CSF cjlto/ogdv. 
Unexplained II I nerve lesions require apzgiography; only in elderly hypertensive or diabetic 
patients with pupillary sparing may angiography be omitted. 

When myopathy or myasthenia gsavis is suspected then appropriate investigations - 
acetyl choline receptor antibodies, EMG srudies and occasinnalIy muscle biopsy - may be 

f 50 nccessary. 



CLINICAL PRESENTATION ANATOMICAL CONCEPTS AND DIAGNOSTIC APPROACH 

DISORDERS OF GAZE 

ANATOMY AND PHYSIOLOGY 

Two cortical centres of ocular control are recognised: 
1 .  Middlc gyms of ftontal lobe (frontal eye field). 
2. Occipital cortex. 

Origin 

slow following - ;Origin of fast rapid eye movement 

pursuit movement, - saccadic movement - either 

Activation results in slow voluntary or reflex. Activation 

movement of the eyes results in jerk deviation of the eyes 

to the ipsilateral side. to the opposite side 

Frontomesencepha!ic 
d 

__*- 

Occipitomesencephalic pathway 
Both project to the ocuFomotor 111, _ ,-- - Ill cranial nuclei 
trochlear IV and abducens VI 
cranial nuclei (p-) 
Pathways for horizontal eye 
movement involving the Ill 
and VI nuclei are clearly 
delineated (as shown} but 
those controlling vertical 
eye movement are less well 
understood 

longitudinal fasciculus 

i r %'- Paramedian ~ontlne 
reticular formation 
(although not a discrete 
anatomical entity) - 

,'! 
V1 cranial nucrei 

sometimes described as the 
'lateral pontine gaze centre' 

Note that the cortical descending pathways from one side activate the ipsilateral I11 
nucleus and the contralatcral VI nucleus thus swinging the direction of gaze ta the 
opposite side. 

I t  is important to distinguish between saccadic and pursuit movement. When following 
an objecr a slow pursuit morexect maintains the image on the rnacular arca of the retina. 
T o  fixate on a new object, rapid saccadic movement aligns the new target on thc rnacular 
arca. When locked inro the new target, pursuit movement mainrains fixation. 

Eye movement occurs voluntarily in a conjugate (parallel) manner in any direction. Eye 
movements also occur reflexly to labyrinthine stimulation. 151 



CLINICAL PRESENTATION. ANATOMICAL CONCEPTS AND DIAGNOSTIC APPROACH 

DISORDERS OF GAZE 
I 

Gaze disorders usually follow vascular episodes (infarct or haernorrhage) but may also 
occur in traumatic, inflammatory or neoplastic disease. In gaze palsy eye movements are 
symmetrically limited in one direction. 

CONJUGATE DEVIATION OF THE EYES 
Occurring during 
a seizure 
Eyes deviate towards 
the affected limbs in Indicates an epileptic 
a jerking fashion. focus in the frontal - 

lobe contralatcra1 to 
the direction of eyc 
deviation. 

Accompanying Indicates a lesion in 
a hemiparesis the frontal lobe 
Tonic deviation of the ipsilateral to the 

direction of eye - eyes awa-y from the 
herniparetic limb. deviation. 

Haemorrhage deep in /--. /7, the cerebral hemisphere 
(thalamic) can cause " / mi *-,- 

deviation of eyes ro 
the side of 
hemiparesis 
- wrmg-w0.v cycs 

Tonic deviation of the 
eyes towards the 
hcmiparetic limb. 

directinn of eye *. .. .:. 
deviation and results , r, r. +' 
from damage to the 
paramedian pontine 
reticular formation 
(PPRF) 



CLINICAL PRESENTATION. ANATOMICAL CONCEPTS AND DIAGNOSTIC APPROACH 

DISORDERS OF GAZE 

VERTICAL GAZE PALSY 

Midbrain or pontine lesions may produce failure of upward or downward gaze. Disturbed 
downward gaze alone occurs with periaqueductaI (Sylvian aqueduct) lesions. Impaired 
vertical eye movement is common in extrapyramidal disease (Progressive supranuclear 
palsy, page 357). 

PARINAUD'S SYNDROME 
This syndrome is 
characterised by Pineal gland 
impaired upward 
eye movements Superior 
in association colliculus - - - - 
with a dorsal Inferior 
midbrain lesion colliculus 

- Corpus 
calloswm 

Ill ventricle 

(+I- 
- upward gaze and convergence are lost 
- the pupils may dilate and the response to light and accommodation is impaired 

Causes: 
Third ventricular turnours Multiple sclerosis 
Pineal region tumovrs Wernicke's encephalopathy 
Hydrocephalus EncephaIitis 

INTERNUCLEAR OPHTHALMOPLEGEA (ataxic nystagmus) 

This disorder, caused by damage to the medial longitudinal bundle, is dealt with on page 
182. It is an intern~icleur disorder of eye movement and produces a disconjugate gaze palsy. 

* I wo unusual disconjugme gaze palsies are - n .f--', 1% IV~btno s,wndrnrnr (wall eyes - hilateral internilcIcar ophrhalmoplegia): 4 , , 
characterised by bilateral exotrupia and loss of cnnvergence -- - 

'Look right' 

The 'Dvre and o hull' syndrome: Conjugate gazc palsy to one side and 
impaired adduction on looking ro the othcr sidc 

'Look left' 

OCULAR APRAXIA 

Bilateral prrfruntal motor cortex damage wiH produce this unusual Finding in whrch rhc patient does not move thc 
cycs voluntarily tn cnmmand, yct has a full range or random eve movement. 



CLINICAL PRESENTATION, ANATOMICAL CONCEPTS AND DIAGNOSTIC APPROACH 

'FACIAL RAIN AND SENSORY LOSS 

The fifth cranial nerve subserves facial sensation and innervates the muscles of mastication. 
Anatomy 
T h e  anatomical arrangement of the trigeminal central connections are complex. 

Proprioceptive fibres terminate in the 
MESENCEPHA1,TC NUCLEUS 

Light touch fibres terminate in the 
MAIN SENSORY NUCLEUS - - 

Pain and temperature fibres terminate in the 
NUCLEUS of the DESCENDING - _ - -- - 

TRIGEMINAL TRACT 
Medial lernniscus 

Motor fibres arise from the TRIGEMlNAL MOTOR 

NUCLEUS 

The separate Ioeatian of the main sensory nucleus and nucleus of the descending 
trigeminal tract account for 
dissociated sensory loss, 
i.e. a low pontine or 

Longitudinal arrangement of the 
trigeminal nuclei (sensory paths) 



CLINICAL PRESENTATION, A2ATOMlCAL COMCEPTS AND DtAGNOSTIC APPROACH 

FACIAL PAIN A N D  SENSORY LOSS 

The peripheral course of the V nerve 
The  motor and sensory nerve roots emerge separately from the lateral aspect of the brain 
stern at the midpontine level. The Gasserian ganglion of the sensory root contains bipolar 
sensory nuclei and lies on the apex of the petrous bone in the middle fossa. Here the three 
divisions of the trigeminal nerve merge. Each passes through its own foramen and carries 
sensation from a specific area of the face. 

The ophthalmic division 
passes through the superior 
orbital fissure, divides 
into branches within the 
orbit and emerges from 
the supraorbjtal foramen 
to innervate the forehead. 

Supraorbitat 

nerve 

nerve 

Lacrimal nerve 

Buccal nerve 

Thc maxilIary divisian passes 
through the foramcn rotundurn into 1 

thc prcrvgopalatine fossa, then 
through the infranrbical foramen co E alveolar nerve 
become rhe infraorbital nerve. I 

I 

0 
I 

.+' 

The mandibular division cxits from the foramen ovale. T h c  anterior division incorporates 
the motor branch of the V nerve, innervating the muscles of mastication - masseter, 
ptcrygoids and remporalis - as well as innervating the cheek and gums (buccal nerve). 

T h c  lingual branch of the posterior t runk innervates the anterior two-thirds of the 
tongue (and is joined by the chordi tympani from the facial ncrvc carrying salivary 
sccretomotor fibtcs and tmte from thc anterior two-thirds of the tongue). 155 



CLINICAL PRESENTATION. ANATOMICAL CONCEPTS AND DIAGNOSTIC APPROACH 

FACIAL PAIN AND SENSORY LOSS 

EXAMINATION OF TRIGEMINAL NERVE FUNCTION. 
This should include examination of the corneal reflex and rnasricutory muscle frgncrion 
(page 14)- 

Divisional - root or peripheral 
Note partern of (i.e. V,, V, or V3) nerve lesion 
sensory loss 

'onion skin' - broinsrem lesion 

Note the - Dissociated sensory loss 
type of (i.e. pain and temperature 
sensory loss sensation lost, touch 

retained) 

With cranial -favours an intrinsic brainstcm lcsion, but 
Note the presence nerve palsies does not exclude a cerebellopontine angIe 
of limb motor mass, causing brainstern distortion 
and/or sensory 

nerve palsies --r supratentoria1 Iesion 

CAUSES OF V NERVE LESIONS 

I -. 

- clen~j~elin*na ~ i o n  
syndrome) - ~~yringobulbia 

(especially 
dissociated -- 

loss) 

omitted) /.#A, ,+ 

Skull base 
One or more V divisions 
involved: 
- nasnphary?z~eal or 

nzerasratzc carcinoma 
- tralm7a (e.g. itlfraosbiral 

nerve - malar fracture) 
h 

Other causes Cerebello-pontine angle 
- diabete.v When associated with other cranial - acourtic neuroma 
- SLE nerve lesions f long tract signs: - trigminal neuroma 

156 - subacure (chronic) menin&ris 



CLINICAL PRESENTATION. ANATOMICAL CONCEPTS AND DIAGNOSTIC APPROACH 

FACIAL PAIN AND SENSORY LOSS 

Sensory trigemlnal neuropathy: 
Prugresfive, painless loss uf trigeminal senvation. Normally unilateral and without trigeminal mutor wenkne~s, the 
sensorv loas may a&ct onc or all tngeminal div~sions. This condition is often asaoclatcd with established 
connective tissue diseuse (sclerodcrma, Sjogren's syndrome and mixed connective rissuc drseasc (MCTD)). 
Disgnosls requires exctusinn o f  intracranial granuloma and turnour cumpressing the rrigeminal nerve - 
meninginma, schwannoma, epidermoid - by contrast enhanced MRT. 

Mental neuropathy (numb chin syndrome): 
Caused by a lesion uf  the mandibular nerve or inferior aIveolar or mentai hrancher, usually the rerult of metastatic 
compression of the nerve within the mandibIc. Bone scans ar an enhanced CTiMRI comb~ned w i t h  image-guided 
aspiration is diagnostic. 

Infraorbitai neuropathy (numb cheek syndrome) has similar etiology. 

Gradenigo's syndrome: 
Lesions located at  thc pctrou~-t~mp~lal  honc apcx (osteitis or meningitis assmiated with otitis media) irritate the 
ophthalmic division of the trigeminal and abducens (VI) nerve. Forehead pain is accompanied hy Epsilateral lateral 
rectus palsy and a  homer'^ cyndrnme if sympatheric fibres are also involved. Turnouts m d  trauma csn also 
produce this syndrome 

Nettrapathic Keratitis 
Corncai anacsthcsia from a cenrral or peripheral V nerve lesion may lead to a neuropathic 
keratitis. The  corneal surface bccornes hazy, ulcerated and infected and blindness may 
follow. 

Patients with absent cornea! sensation should wear a protective shield, attached to the 
side of spectacles, whcn out of doors. 



CLINICAL PRESENTATION, ANATOMICAL CONCEPTS AND DIAGNOSTIC APPROACH 

FACIAL PAIN-DIAG NOSTIC APPROACH 

Pain in the  face may result from many different disorders and often presents as a 
diagnostic problem to the neurologist or neurosurgeon. 
Consider: 
1. Site of pain 

/ frontal or maxillary 
Posrherpetic neurakia 
usually I st Clusder headache 
trigeminal division , , abovelbchind the eye 

Atypical facial pain 
diffuse (glaucoma) behind the eye 
Tri~eminal neurakia ,/ 

I st, 2nd, 3rd ' Costen" syndrome 

trigeminal divisions in front of and bchind the ear 

Tolosa Hun1 syndrome 

Dental around mouth -' -# a 

orbital and frontal 

2. Quality of pain 
Trigeminnl neuralgia - sharp, stabbing, shooting, paroxysmal 
Atvpical facial pain - dull, persisting 
Postherpetic neuralgia - dull, burning, persisting, occasional paroxysm 
Dental - dull 
Sinusitis - sharp, boring, worse in the morning 
Ocular - dull, throbbing 
Costcn's syndrome - severe aching, aggravated hy chewing 
Cluster hcadache - sharp, intermittent 

3. Associated symptoms /signs 

Trigeminai neuralgia 

Atypical facial pain 
Postherpetic neuraIgia 
Dental 
Sinusitis 

Ocular 

Costen's syndrome 
Cluster headache 

Investigations 
- guided by  clinical suspicion 

often no neurological deficit, but occasional blunting of 
pinprick over involved region 
accompanying features of depressive illness 
evidence of scarring associated with sensory Ioss 
swclling of lipslface 
puffy appearance around eyes, tenderness to percussion 
over involved sinus 
glaucoma: associated visual symptoms - blurring/haloesl 
loss 
tenderness over temporomandibular joint 
associated lacrirnation/rhinomhoea 

Blood rests: ESR, FBC, biochemistry. 
Imaging: CTIMRI, dental X-rays, Isotope bone scan. 



CLINICAL PRESENTATION. ANATOMtCAL CONCEPTS AND DlAGNOSTlC APPROACH 

FACIAL PAIN - TRIGEIMINAL NEURALGIA 

TRIGEMINAL NEURALGIA (tic douloureux) 

Trigeminal neuralgia is characterised by paroxysmal attacks 
of severe, short, sharp, stabbing pain affecting one or more 
divisions of the tsigeminal nerve. Thc pain involves the . , 

second or third divisions more often than the first; it rarely 
occurs bilaterally, and never sirnultanceusly on each side, 
occasionally more &an one division is involved. Paroxysmal 
attacks last for several days .or weeks; they are often 
superimposed on a more constant achc. When the attacks 
settle, the patient may remain pain free for many months. 

Chewing, speaking, washing the face, tooth-brushing, cold 
winds, or touching a specific 'trigger spot', e.g. upper lip or 
gum, may all precipitate an attack of pain, 

Trigeminal neuralgia more commonly affects females and patients over 50 years of age. 

Aetiology 
En many patients the cause remains unexplained, as do the Tong periods of remission. 
Trigeminal pain may be symptomatic of disorders which affect the nerve root or its entry 
zone. 

Rnnt or root entry znac compression - tumotirs of the ccrcbellopantine angle lying against 
thc V nerve roots, e.g. meningioma, epidermoid cyst, frequently present with 
trigeminal pain. 
- a~.terial vessels often abut and sometimes clearly indent che trigeminal nerve root at 
the cntry-zone intn the pons. 

Denryelinatiorr - such a lesion in h e  pons should be considered in a 'young' person with 
trigeminal neuralgia. Trigger spots are rare. Remission occurs infrequently and the 
response to drug treatment is poor. 

Investigation 
CT or preferably MR scan to exclude a cerebello-pontine angle lesion. 

Management 
D r q  rherapy 
CARBAMAZEPTNE proves effective in most patients (and hclps confirm the diagnosis). 
Provided toxicity docs not become troublesome, i.e. drowsiness, ataxia, the dosage is 
increased unril pain relief occurs (60CL1600 rngiday). When remission is established , drug 
treatment can be discontinued. 

If pain control is limited, other drugs - BRCLOFEN, LAMOTRIGING, PIMOZIDE (dopamine 
receptor anragonist), P H E N Y T ~ ~ N  - may benefit. 

Persistence of pain on full drug dosage or an intolerance of the drugs, indicates the need 
for more radical measures. 
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FACIAL PAIN - TRIGEMINAL NEURALGIA 

MANAGEMENT (contd) 
Trigerninal root section: Through 
either a subtemporal (cxtra- or ~ntradurat) Operative therapy or posterior forsa approach, the 

Peripheral nerxrc r~chnrq~ter: Nerve block appropriate trigeminal root is idcntificd 
with alcohol or phenol providcs and d~vidtd. 
remwrary selicf (up ro two years). 
Awulrim of the supra- or infraorbirat 
nerves giver; more prolonged pain retlef 

Micrnva~cular decompression: 
Explnratinn of the cerehcllopontine anptc 
rcrealq blood vessels in contact with the 
t r i p i n a l  nerve rnot or mt entry zone 

/ in thc majority of patienrs, Separarinn of 
these strumres and insertion af a non 

Tdgednal ~an~l ion/root  absorbable sponge produces pain relicf in 
injection: Rlcolrnl or phenot mosl patients, withour rhe associated 
injection into t h c  rrigcminal problcrns of nerve de~trucrion. 
gangl~on effective1 y produces 
pain relief, but area control is 
limited and fie nsk of corneal + 

Radiofrequency thermocoagulation: T h c  sitc of 
anaesthesia, uiceration and .. f a c d  'tingling' produced by electrical stimulation of a 
scsrnng is high. Now rarely used. nto the ttigeminal ganglion. accurately 
Gbcerol injection into '--iden~ifica the location nFthe needle rip. W e n  the site 

Meckel's cave usually of tingllng corresponds to the tngges Ppor or site of 

produces good pain relief with pain origin, radiofrcqucncy thcrrnocoagularion undcr 

less ~ e n s o r y  damage. general anaesthetic, produces a pcmancnt lesion - 
urualtv wsultlng in analgesia of the appropriare area 
with retention of light tnuch. 

Results and complications 
Pain relief - accurate comparison of the wide variety of techniques used for crigeminal 

neuralgia is difficult; all hut peripheral nerve avulsion appcar to produce similar results. 
Approximately 8045% of patients remain pain free for a 5-year period. Results of 
peripheral nerve avulsion are less satisfactory with pain recurring in 50'!4, within 2 years, 

Dy.raesthesiojAnaestIteeci~ hlovosa  - this troublesome scnsory disturbance follows any 
destructive technique to nerve or root in 5-30% of patients. lMicrovascular decompression 
avoids this problem and the risk of a severe deficit is low with glycerol injection. 

Covneal anaesthesia - this occurs most frequently following phenol or alcohol injection 
into the trigeminal ganglion, but is also a problem when root section or thermocoagulation 
involves the first division. 

Mortality - microvascular decompression and open root section carry a very low 
mortality (about 1 Y,), but this must not be ignored when comparing results with safer 
methods. 

Treatment selection: This largely depcnds on the surgeon's personal preference and 
experience. 
In many centres, the absence of scnsory complications make microvascular 

decompression the procedure of first choice, particularly for 1st division pain and for the 
younger patient. 

Frail and elderly patients may tolerate glycerol injection and thcrmocoagulation more 
160 easily than other proccdurcs. 



CLINICAL PRESENTATIOG, ANATOMICAL CONCEPTS AMD DIAGNOSTIC APPROACH 

FACIAL PAIN - OTHER CAUSES 

Temporomandibular joint dysfunction (Costen's syndrome) 

Aching pain occurring around the ear, aggravated by chewing; due to 
malalignment of onc temporomandibular joint as a consequence of dental 
loss with altered 'bite' or involvement of the joint in rheumatoid arthritis, 

This condition requires dental treatment with realignment. 

Raederk syndrome (the paramgeminat syndrome) 
Pain and sensory loss in 1st and 2nd frigcminal divisions, maxima1 around rhc eye and aswciared wirh a 
rympathctic paresis (ptnsrs and srnali pupil). Sweattng in the lowcr face 15 preqerved. T h i s  mav bc associated wirh 
involvement 17f rhe nther cranial nerves (TV S- VI). The syndrome occurs wirh lesions of the middle fossa, e.g. 
nasopharyngcal carcinoma, granulomas and infection. 

Tolona Hunt syndrome 
A condition in which an inflammatory prncess involving the cavernous sinus or superior a- , nrhita1 fiswre prcscnts with pain, loss of ncular movement and ophthalmic division sensory 
loss. The diagnosis is based on exclusion of tumour and re=,ponrc lo steroids. Pathological 
mamlnation mnfirms nnn-specific gsanulomatous change. 

Atypical facial pain 
T h e  patient, often a young or middle-aged woman, experiences a dull, persistent pain, 
spreading diffusely over one or both sides of the face, These symptoms often result from 
an underlying depression and may respond well to antidepressznt therapy. 

Herpes zoster 
Frequentlv affects thc trigerninal territory, especially the ophthalmic division producing a 
painful 'herpetic rash' and often involving the cornea. The acute symptoms may resolve 
but lead tr, a chronic postherpctic neuralgia which qlowly improves. Surgical procedures 
such as trigerninal root section do not help. The  incidence of po3thespetic neuralgia is not 
influenced by treatment with antiviral agents (acyclovir) in the acute phase. 

Carotidynia 
A fnm of rn~graine characteriaed by intermittent Faciak pain assoaatcd with vasomotor rhiniris and tenderness 01 
the carorid artcry. It mar he precipitated hy alcohol. 

Carotid artery dissection 
This present% as acute retro-orbital pain with a Horncr's syndrome (page 141). 

'Cluster' headaches - see page 68. 



CLINICAL PRESENTATION. ANATOMICAL CONCEPTS AND DIAGNOSTIC APPROACH 

FACIAL WEAKNESS 

Related anatomy 
The facial (VII) nerve contains mainly motor fibres supplying the muscles of facial 
expression, but also visceral efferent (parasympathetic) and visceral afferent (taste) fibres. 

The motor nucleus lies in the 
lower pons medial to the descending 
nucIeus and tract of the Vth cranial 
nerve. Axons from the motor nucleus Superior vestibular nucleus 
wind around rhe nucleus of the VIth ( 

b VI nucleus 
cranial nerve. T h e  facial ncrve and I 

\ ,,7 

its visceral root (nerwzrs inrermedius) 
exit from the lateral aspect of the 
brain stem and cross the 
cercbellopontine angle immediately 
adjacent to the VIII cranial nerve. 
They enter the internal auditory 
meatus and, passing through  he 
facial canal of the temporal bone, lie VII nerve 
in close proximity to the inner ear 
and tympanic membrane. The facial 
nerve gives off several branches 
before exiting from the skull through 
the stylomasroid foramen. 

Greater 
superficial 

Internal auditory meatus 

Facial 
I 

I 
I nerve ,_- I Geniculate 

intermedius 

Chorda tympani nerve ,c' 

Cortico-spinal tract 

Mastoid air 
cells 

f 

Facial nerve emerging from 
base of skull at stylomastoid foramen 



CLINICAL PRESENTATION. ANATOMICAL COZrCEPTS AND DIAGNOSTIC APPROACH 

FACIAL WEAKNESS 

Visceral efferent and visceral afferent fibres arise and terminate in the superior salivary 
nucleus and nudeus/tractus soIitarius respectively. 

They sun together as the nervus inter- 
rnedius and accompany the facial 
nerve to the internal auditory 
meatus. The  parasympathetic fibres 
(visceral efferent) pass in the greater 
petrosal nerve to the sphenopalatine 
ganglion and thence to the lacrimal 
gland to produce tears and in t h e  
chorda tympani nerve to the 
submandibular ganglion. nerve '. + -  Nucleus and 

Visceral afferent ------ --- -- - Nervus 
intermedius 

Parasympathetic -_--------- 
efferent 

Facial nerve ------------- 
The chorda tympani nerve contains 

Chorda tympani nerve both parasympatheric efferent and 
Tongue visceral afferent fibres. 

---- ---- Parasympathetic fibres are 
responsib!e for salivation. 

-- Visceral afferent fibres convey 
Sublingual ganglionlgland sensations of taste from the anterior 

two-thirds of the tonguc. The 
geniculate ganglion contains the 
bipoIar cell bodies of these afferent 
fibres. 

Supranuclear control of facial muscles 
T h e  muscles in the tower face are controlled by the contralateral hemisphere, whereas 
those in the upper face receive control from both hemispheres (bilateral representation). 
Hence a lower motor neuron lesion paralyses aII facial muscles on that side, hut an upper 
motor neuron (supranuclear) lesion paralyses only the muscles in the lower half of the face 
en the opposite side. 

Clinical examination of the facial nerve (see page 15) 
In addition ro examining for facial weakness and taste impairment, also note whether the 
patient coments  on reduced lacrimation or salivation an one side, or hyperacusis 
(exaggeration of sounds due to loss of the stapedius reflex). 



CLINICAL PRESENTATION, ANATOMICAL CONCEPTS AND DlAFNOSTlC APPROACH 

FACIAL WEAKNESS 

LESION, LOCALISATION ANQ CAUSE 
Note the disrre'bu~ion: 

invoI vernen t 
of the lower 
face, with 
near normal 
eye closure 

C 

indicates 
a COKTRALATERAL 
SUPRRNUCLEAR \ / lesion 

(Spontaneous emotional expression 
may be unaffected with subcortical lesions) 

Unilateral 
involvement of 
the upper and 

C - - indicates an 
Imu~r face 

IPSILATERAL 
with defective 

h'UCLEAR OR 
eye closure 

INFRANUCLEAR 
lesion 

(Spontaneous emotional expression affected). 

CAUSES 

vascular 
lernrour 
demyelinatinn 
infectinn 

(see 
opposite) 

RlLATERAL - Pontine lesims 
Bilateral - infarction 
involvement of - haemorrhage 
the 14pper and (associated with - de~nyelinarion 
h e r  face other features of - tttmour 

pseudobulbar palsy: - in,fccrinn 
{see page 534) - syrfn~ohulbia 

- nlnror neuron disease 
- Moebiu.~' syndronte 

Eyes move outwards RTLATERAL - - Guillain Burr6 
INFRANUCLEAR .yndrome 

and upwards on 
lesions - lA2vrnc disease attempted closure - 

- Infecrious rnononucleoris Bell's phenomenon 
- Sarcoidosis 

MUSCLE DISEASE - - fizj~astheriia gmve's 
- muscular dysrmophjr 

164 Moebius' syndrome: a congenital failure nC the development of the facial and abducens nuclei (bilateral?, 



CLINICAL PRESENTATION, ANATOMICAL CONCEPTS AND DIAGNOSTIC APPROACH 

FACIAL WEAKNESS 

NUCLEAR/INFRANUCLEAR LESIONS 
The following features (if present) help in lesion location: 

- VT nerve palsy + Pons - V, VIII, (IX, X, XI) + Cerebelloponthe 
- contralateral - vascuEar / nerve palsies angle or internal 

I 
limb weakness - detnyelination I - loss of taste, salivation, auditory meatus 

1 
I - rumour and lacrimation - acor~sric t~~rno7rr.c 
1 - encephalitis 1 - hvpcracusis - metlingio~na 
\ 
1 - .ryringubrdlbia : - epidcrmoid 
\ 
\ 

- motor neuran I - ~Iornzrs jugu!are 

-r Facial canal - loss of taste 
and salivation - fractur~ qf sklrll base 
(if proximal t.o - spread of ~niddlc ear infection 

nerve to stapcdius - herpes znsrer, Ron~say-Htinr 
- hvperacusis) s-yndrome (genicltlare ~ a n g l i n ~ a ]  ,' 

- petrous-terripnra? carcinonln , 
- lacrimation - Bell's palsv 
retained - Iezrkoemic deposits - - - , - 4  - lacrimation, taste 

and salivation 
Other causes of retained 
facial nerve  lesions - weakness may be 
- diuberes localised to a 
- ir~fcctiozis specific rnusclc- group 

1- 
Peripheral nerve 
- parotid gland lesion, 

~.g. ? iv~opur~t id . fmer  of 

snrcoidosi.t 
- parorid opcrorio~xs 
- facial rrazrrna 

Platysma muscle 



CLINICAL PRESENTATION. ANATOMICAL CONCEPTS AND DlAGNOSTlC APPROACH 

BELL'S PALSY 

Rell's palsy is characterised by an acute paralysis of the face related to  'inflammation' and 
swelling of thc facial nerve within the facial canal or at the stylornastdd foramen. I t  is 
usually unilateral, rarely bilateral, and may occur repetitively. In some, a family history of 
the condition is evident. 

Aetiology 
Uncertain, but may be associated with viral infections, e.g. herpes simplex and variceila- 
zoster; epidemics of Bell's palsy occur sporadically. Rells palsy may be pan  of the  
syndrome of poIyneuritis cranialis. 

Symptoms 
Pain of variahfe intensity over the ipsjlateral mastoid precedcs weakness, which develops 
over a 48-hour period. 

Impairment of taste, hypesacusis and salivarion depend on the extent of inflammation 
and will be lost in more severe cases. Lacrimination is seldom affected. 

On attempting to close the eyes and show the 
teeth, the one eye does not close and the eyeball 
rotates upwards and outwards - Bell's 
phenomenon (normal eyeball movement on eye 
closure). 

Diagnosis 
Based on typical presentation and exclusion of 
middle ear disease, diabetes, sarcoidosic, and 
Lyme disease. 

Treatment 
During the acute stage protect the exposed cye during sleep. 

Prednisolone given in high dosage in the acute stage (40-60 mg per day for 5 days) may 
reduce inflammation, but there is no conclusive evidence of benefit. Antiviral therapy - 
acyclovir is cutrentlv under evaluation, Eye care (shielding) is important in preventing 
corneal abrasion. 

Prognosis 
Most patients (80%) recover in 4 8  weeks without treatmens. In the remainder, residual 
facial asymmetry may rcquire corrective surgery. Incomplete paralysis indicates a good 
prognosis. In patients with compIete paralysis, electrical absence of denervation on 
electromyography is an optimistic sign. 

Occasionally aberrant reinnervation occurs - movement of the angle of the mouth on 
closing the eyes (Jaw winking) or lacrimation when facial muscles contract (crocodiIe tears). 



CLINICAL PRESENTATION ANATOMICAL CONCEPTS AYD DlAGNOSTlC APPROACH 

OTHER FACIAL NERVE DISORDERS 

RAMSAY HUNT SYNDROME 
Herpes zostcr infection of the geniculate (facial) ganglion causes sudden severe facial 
weakness with a typical zoster vesicular eruption within the external auditory meatus. Pain 
is a major feature and may precede the facial weakness. Scrosanguinous fluid may 
discharge from the ear. 

Deafness may result from VlII  involvement. Occasionally, other cranial nerves from V- 
XI1 are affected. 

Treatment 
Antiviral agents (acyclovir) may hclp. 

HEMIFACIAL SPASM 
This  condition is characterised by unilateral clonic spasms beginning in the nrbicularis 
oculi and spreading to involve other facial muscles. The stapedius muscle can be affected 
producing a subjective ipsilateral clicking sound. 

Contractions are irregular, intermittent and worsened by emotional stress and fatigue. 
Oosct usually occurs in middle to old age and women are preferentially affected. 
The  aetiology remains unknown but "itritation' from an adjacent blood vessel (or from a 

tumour) may cause dernyelination and 'short-circui ring' within the ncrve. Occasionally 
hemifacial spasm folIows a Bell's palsy or  traumatic facial injury. 

The  clinician must distinguish hcmifacial spasm from milder habit spasms or tics which 
tend to be familial, and also from 'focal' seizures selectively affecting the face. 

Investigations 
CT(MR scan of the posterior fossa excludes the presence of a ccrebeIIar pontine angle 
lesion and may show an ectatic basilar arreqr. 

Treatment 
Dru~3 - Anxiolytics and carbamazepine may product some benefit but are nf no lasting 

value. When spasm is confined to orbicularis oculi, local infiltration with botulinum 
toxin is helpful. 

Sur,qery - Posterior fossa exploration and microvavcular decompression i.e. dissecting 
blood vessels off the facial nerve roots and root entry zone, gives excellent results (cure rate 
RO'Y" j, but carries thc risk of producing deafness and rarely brainstem damage. Alternative, 
less successful treatments include phenol injection or partial section nf the facial nerve; 
these methods inevitably cause some facial weakness. 

TOMC FACIAL SPASM 
Lcss common than hemifac~nl spasm. Occur- with cerrbellar pontinc angle lesions. I t  products tonic elevation of 
thc corncr nf thc mouth wirh narrnwing of rhe rye. Thc diagnosis is confirmed hy C T M R  scanning and 
Treatment is surgical. 

FACIAI. MYOKYMLA 
A rarc cond~tzon seen most oftcn in multiple sclerosis. Flickering of facial muscles results from spontanWu4 
difcharge in ~ h c  facial motor nucleus. Other brainstem signs arc present. T h e  facial movcrnenrs respond to 
carbamazepinc. 

MYOCGONUS 
Rhvrhrnic facial moverncnt associatcd with similar palatal movements and characterinic of  dentate or o11vaq 
nucleus disease. 

BLEPHAROSPASM 
Spasmodic closing or screwing up of eyes (sce page 357). 



CLLNICAL PRESENTATION. ANATOMICAL CONCEPTS A k D  DIAGNOSTIC APPROACH 

DEAFNESS, TINNITUS A N D  VERTIGO 

Deafness, tinnitus and vertigo result from disorders affecting the auditory and vestibular 
apparatus or their central connections transmitted through t h e  VI I I craniat nerve. 

MECHANISMS OF AUDITORY AND VESTIBULAR FUNCTION 
Auditory function: the cochlea converts Vestibular function: the vestibular 
sound waves into action potentials in system responds tn rotational and linear 
cochlcar neurons. Sound waves are acceleration (including gravitv) and along 
transmitted by the tympanic membrane and with a visunl and proprinceptive input 
thc ossicles zo the oval window, setting up maintains equilibrium and body orientation 
waves in the perilymph of the cochlea. The  in space. Relative inertia of the endolymph 
action of the waves on the spiral organ (of within the semicircular canals during 
Corti) generates action potentials in the angular acceleration displaces hair ccIls 
cochlear division of the VII I  cranial nerve. imbcdded in the cupula, activates the hair 

cclls and rransmits action potentials to the 
vestibular division of the VITI cranial 
nerve. Linear acceleration results in 
displacement of t hc  otoliths within the 
utricle or saccule. This distorts the hair 
cells and increases or decreases the 
frequency of action potentials in the 
vcstibular division of the VTTI cranial 

CENTRAL CONNECTTONS nerve. 

Vestibular Dorsal cochrear nucleus 

' Ventral cochlear nucleus Vestibular 

First order auditory neurons run in che cochlear 
division of the VIII nerve and relay information 
from the spiral organ (of Corti) to the dorsal and 
ventral cochlear nuclei. Bipolar cell bndics lie in ,;, 
the spiral ganglion of the cochIea. -- - - - - - - - - - - 

rcu lar 
als 

First orcler vestibular neurons Iie in the vcstibular division of the VITI nerve and relay 
information from the utricIe, sacculc and semicircular canals to the vestibular nuclei 
(superior, inferior, medial and lateral). Bipolar ccll bodies lie in t h e  rrestibular ganglion. 

The  cochlear (acoustic) and vestibular divisions travel together through the petrous hone 
to the internal audirnry meatus w h ~ r c  they emerge ro pass through the subarachnoid space 
in the cercbellopontine angle, each entering the brain stem scparatelp at the 

I 
168 ponrornedullary juncrion. 



CLlNlCAL PRESEYTATION ANATOMICAL CONCEPTS AND DIAGNOSTIC APPROACH 

DEAFNESS, TINNITUS AND VERTIGO 

CENTRAL CONNECTIONS (contd) 
Thalamus Medial 

Auditory. From the cochlear nucleus, second order neurons To auditory 

eirher pass upwards in the lateral lemniscus to rhe ipsilatcral 
inferior ccllliculus or dem~sare in [he trapmoid body and pass 
up in the larcral lernniscus to thc contralatcral inferlor 
colIiculus. Inferior 

Third nrdcr neurons from the inferior colliculus r ~ n  each collicwlus 
side run to che medial gcniculani bodv on bob sides. nuc. ' 

Fnunh order neurnns pass through the intcrnal capsule and 
Ventral 

auditory radiation to rhe audiroq concx. lemnisci 
The bilateral naturc of thc connections ensures that a 

unilatcral ccntral lcsion will not result in lateraliscd hearing 
loss. 

Vestibular: 
Po cortex 

MIDBRAIN -.-- 

-Ta nuclei for 
eye muscles 

CEREBELLUM 

Medial 

nerve 

'-- Vestibular 

U P E R  
nuclei 

MEDULLA 

t Vestibulospinal tract 

cochlea 

UPPER ----) 

MEDULLA 

1. Dircctly to cerehellurn. 
2. Second ordcr neurons arise in the vestibular 

nucleus and descend In the ipsilateral 
vesrihuInsp~nal uact. 

3. Second order ncurons project tn the oculomotor 
nuulci (111, IV, VT) through the medial 
Eongitud~nal lasciculus. 

4. Second order neurons project to the cortex 
(temporal lobe). The pathway i s  unclear. 

5. Secnnd ordcr ncurons project to the cerebellum. 

(There i s  a hilateral feedback loop ta the vestibular nuclei 
from the cerebellum through the faat~gial nucIcus.) 

DEAFNESS: Three types of hearing loss are recognised: 
1. Condr~crive deafness: failure of snund conduction to the cochlea. 
2. Sensorinenral deafness: failure of action potential production or transmission due to 

disease of the cochlea, cochlear nerve or cochlear central connections. 
Further subdivision into cochlear and retrocochlcar deafness helps establish the causative 
lesion. 

3. Pure word or cortical deafness: a bilateral or dominant posterior temporal lobe 
(auditory cortex) lesion produces n failure to understand spoken language despite preserved 
hearing. 
TINNITUS: n sensation of noise of ringing, buzzing, pulsing, hissing or singing quality. 

Tinnitus map be ( i )  continuous or intermittent, (ii) unilatcral or bilateral, ( i i i )  high or 
low pitch. 

As a rule, when hearing loss is accompanied by tinnitus, conductive deafness is 
associated with low pitch tinnitus - sensorineural deafness is associated with high pitch 
tinnitus, except Meniere's disease where tinnirus is low pitch. Pulsing tinnitus has a 
vascular cause. 
VERTIGO: an illusion of rotatory movement due to disturbed orientation of the body in 
space. The sufferer may sense that rhe environment is moving. Vertigo may result from 
diwasc of the labyrinth, vestibular nerve or their central connections. 



CLINICAL PRESENTATION. ANATOMICAL CONCEPTS AND DIAGNOSTIC APPROACH 

DEAFNESS, TINNITUS AND VERTIGO 

Clinical examination 
Examination of the external auditory mcams, tympanic membrane and eye movements (for 
nystagmus) and Weber's and Rinne's tests (page 16) provide valuable information, hut 
more detailed neuro-otological tesrs (pages 60, 61) are usually required to determine the 
exact nature of the auditory or vestibular dysfunction and to Incate the lesion site. The 
results of these tests may indicate the need For hrther investigation (e.g. CT/IMR scan) 
Causes of deafness 

1 ~onductive I Cochlear I Setpacochlear 
Wax 
Infection - otitis media* 

- cholesteatorna 
Trauma - tympanic mem- 

brane rupture 
- ossicular 

disruption 
Mosclerosis 

I Turnours - carcinoma 

I Congenital* - e.g. aplastic maemfa 
I 
I maternal rubella 
I Infection - mumpsx, measles* 
I meningitis* 
1 - suppurative labyrinthitis* 
I Trauma - petrous temporal fracture 
I - 'acoustic' trauma 

I Drugs- streptomycin, quinine, 
I 
I salicylates 

I Cerebellopontine angle 
I turnour 
1 - acoustic neuroma I 
I - meningiorna I 

I - epldermaidldermoid I 
I Brain stem disease I 

I I (associated with other I 1 
1 brain stem symptoms and I 
I signs) I 

*Prominent 

childhood 

I - glornus jugulare Meniere's disease I - demyelination I 
I I Ptesbyacusis - prominent in the elderly - syringobulbia 1 
k I Turnours - carcinoma, glornus jugulare " herpes zaater I ' , I -. I Sudden onset -7 viral,? vascular I - vascular insufficiency I 

- tumours - astrocytorna I 
I 
I 1 

, 
# , 

. -, 
Causes of Vertigo: -. 

I '1 
I I 

1 
Vestibular nerve 

I I I Trauma I Vestibular neuronitis - probable 1 lassociated with other I 

r Infection - suppurative labyrinthitis I viral infection. Sudden onset I I brain stern symptoms , 
I 

viral foliowed by gradual improvement and signs) I 

Benign positional vertigo -transient r with time. I Demvelination I 
I 

attacks of vertigo, associated with 1 Cerebellopontine angle tumours I Vertebrobasilar 
I 

l 
a change in head position. - acoustic neurilemrnorna I insufficiency T 
Self-limiting 

I 

I - rneningioma I Turnour - astrocytoma 
Meniere's disease - episodic attacks of - epidermoidldermoid Syringobul bia 

vertigo occurring in middle age, later 
accompanied by unilateral deafness 

Drugs - streptomycin, quinine, salicylates 

Causes of tinnitus I 
Any lesion causing deafness may also cause tinnitus. Occasionally patients perceive a 
vibratory noise inside the head, transmitted from an arteriovenous malformation or carotid 
stenosis. 1 
ln addition, patients with non-specific disease, e.g. anaemia, fever, hypertension, 

170 occasionally complain of tinnitus. 
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DISORDERS OF THE LOWER CRANIAL NERVES 

NINTH (GLOSSOPHARYNGEAL) CRANIAL NERVE 

This is a mixed nerve with motor, sensory and parasympathetic functions. 
1. Motor fibres to stylopharyngeus muscle arise in Inferior salivary 

the nucleus arnbiguus, nucleus 
2. Pregangtisnic parasympathetic fibres arise in the M,,crrrlEa I 

inferior salivatory nucleus and pass to the otjc Nucleus 

ganglion. From thcre postganglionic fibres innervate 
the parotid gland. _,+Nucleus 

3. General somatic sensory fibres innervate the arnbiguus 
area of skin behind the ear, pass to the superior 
ganglion and end in the nucleus and tract of the 7"-- tract of 
trigeminal nerve. 

4. Sensory fibres innervate thc posterior third of 
the tongue (taste), pharynx, eustachian tube and 
carotid bodylsinus and tcrrninate centrally in the Corticospinal Medial lernniscws 
nucleus solitarius, The cell bodies Iic in the inferior tract 

ganglion. 

< (: T h e  IX nerve emerges as 5 or 6 rootlets from 
the medulla, dorsal to the olivary nucleus and 
passes with the vagus and accessory nerves 
through the jugular foramen in the neck. 

Within the neck the nerve lies in close proximity 
to the internal carotid artery and internal jugular 

The  wpcrior and inferior ganglia lic in Ehe 
" jugular foramen, t h e  ofic ganglion in the neck 

- - - - - 1X bclow the faramcn ovalc. 

Tentorium ,- 
cerebelli .,*' Base of skull 

Foramen magnum (from above} 

Clinical examination (see page 17) 

Disorders of the glessopharyngeal nerve 
I Glossopharyngeal palsy from ejrhex medullary or nerve root lesions does not occur in 

isolation. When associated with X and XI cranial nerve lesions, this constitutes the ju~ulur 
foramen syndronle, Lesions producing this syndrome are listed on page 175. 

GLOSSOPHARYNGEAL NEURALGIA 
Short, sharp, lancinating attacks of pain, idrntzal to trigeminal neuralgia in narure hut affccring rhc po~refior part 
of thc pharynx or tonsillar area. Thr pain ofrm radiates townrds the ear and is trig~ered hy swal lo~ ing .  Reflex 
bradycardia and svncopc occur due ro stimulation o f  va~a l  nuclei hy di~chargea from glowuphaq~ngeal. As with 
migeminal neuralpa, carbarnazepine often provides effective reIief - rf no1 rn~cruvaacular decompression or section 
ni the IX nerve roots or nerve give good resulr~.  
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DISORDERS OF THE LOWER CRANIAL NERVES 

TEWH (VAGUS) CRANIAL NERVE 
This is a mixed nerve with motor, sensory and 
parasympathetic functions. Medulla 
The central connections are complex though Dorsal nucleus .. + 

similar to those of the glossopharyngcal nerve. Nucleus 
1 .  Motor fibres supplying the pharynx, soft 

palare and larynx arise in thc nucleus ambiguus. 
2. Pseganglionic parasympathetic fibres arise 17 

nucleus of V 1 ,  in the dorsal motor nucleus. Postganglionic 
fibres supply the thoracic and abdominal I I 

viscera. ganglio~ , 
3. Afferent fibres from the pharynx, larynx 

and exrernal auditory meatus have cell bodies in Nodose ganglion ,' 
the jugular ganglion and end in the nucleus and 

Nucleus arnbigvus 
tract of the trigeminal nerve. 

4. Afferent fibres from abdominal and 
thoracic viscera have cell bodies in the nodose 
ganglion and end in the nucleus solitarius. 
Taste perception in thc pharynx ends similarly. __. Jugular foramen 

The nerve emerges from the brain stem as a 
series of converging rootlets. I r  exits from the 
cranial cavity by the jugular foramen where 
both ganglia lie. 

Extracranial branches: ,- 
Motor and sensor? supply to the pharynx ---/' 

Superior laryngeal branch to t h e  laryngeal muscles+'-* 

Recurrent laryngeal branch ---- -------- --- 
Supply to thoracic and abdominal viscera --- - . ,_ 

\+ 
- - .  -- : .  . 8 , '  

-1- 

Disorders of the vagus nerve cause: 
Palatal zueakness 

Unilateral - minimal symptoms. 
Bilateral - nasal regurgitation of fluid, nasal quality of speech. 

Pharyngeal weakness Stylopharyngeus 
Pharyngeal muscles are represented by the middle -a Pharynx parr of the nucleus ambiguus. --  -------- 
Unilateral - pharyngeal wall droops on the affcctcd side. Larynx 
Bilateral - marked dysphagia. 

Lor~~nqeaI weukness ., / 
Motor fibres arise in the lowest part of the nucleus arnhiguus. ' 
Fibres to re~zsnrs of the vocnl cords pass in superior loryngelal nerves. 
Fibres to a d d ~ ~ t o r s  and abductors of the vocal cords are supplied by the recz4rrsnt laryngeal 

172 nerves. 
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DISORDERS OF THE LOWER CRANIAL NERVES 

Clinical examination (see page 17) 

Direct examination of the vocaI cords helps identification of the lesion site. 

At rest - 
' Cord paresis - Vagus nerve lesion above [he origin 

without qf the superior and remrrenr laryngeal nerves. 
,/ tensor 

Unilateral damage produces mild dysphagia, 
hoarseness and rcduced vocal strength. 

Bilateral damage at  this level causes bilateral 
cord paresis. The cough is weak. Pharyngeal 
and palatal involvement cause marked 

'-Mucous dyspkagia and nasal regurgitation. 
On affected side Breathlessness and stridor do nor occur. 

At rest 

Cord paresis, --t Lesion of recurrent laryngeal nerve. 
NorrnaF action Unilareral damage produces hoarseness 

with breathless speech and stridor. 

I 
No associated Bilateral recurrent laryngeal nerve lesions 
pharyngeal or cause stridor and breathlessness on exertion. 
palatal palsy Approximation of the vocal cords may 

necessitate trachcostomy . .. . 
*. 

Mucous pools 
on affected side 

1 
I Games (See page 175) 
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DISORDERS OF T'ME LOWER CRANIAL NERVES 

ELEVENTH (ACCESSORY) CRANIAL NERVE 
This is a purely motor nerve supplying the sternomastoid and trapezius muscles. 

The  cranial portion of the accessory nerve arises from 
the lowest part of the nuclcus arnbiguus in the medulla. 

Thc spinal part arises in thc ventral grey matter of 
the upper five cervical segments, ascends alongside the 
spinal cord and passes through the foramen magnum. 
After joining with the cranial portion it exits as the 
accessory nerve through thc jugular foramen. 

The  sttpranuclear co~r~lecrions acr on the ipsilatesal 

ambiguus I sternomastoid (turning the head to the contralateral 
side) and on &e contralateral trapezius. This results in: 

- head turning away from the relevant hemispherc 
Jugular 
foramen during a seizure 

- head turning towards thc rcIevant hemisphere with 
cord cerebral infarction. 

, 
Unilateral lower motor nevrnne weakness produces a 

- ... Iower shoulder on the affected side (trapezius) and 
weakness in turning thc head to the opposite side 
(sternomastoid). 

Clinical examination (see page 17) Cutdses (see page 175) 

TWEEJ?TH (HYPOGLQSSAL) CRANIAL NERVE 
This is a purely motor nerve which supplies the intrinsic muscles of the tongue. 

T h e  nucleus lies in the floar nf the TV Medulla IV ventricle 

ventricle and iibres pass ~ ~ n t r a l l y  to leave the 
brain stem lateraI to the pyramidal tract. 

Since each nuclcus is bilaterally Medial 
innervated, a unilateral supranuclear lesion lemniscus 
will nor produce signs or symptoms. A 
bilateral supranuclear lesion results in a thin _._. . . Olivary nucleus 
pointed (spastic) tongue which cannot he 
protruded. ,. . 

Pyramidal tracts XI1 nerve 

A lcsion of the hypoglossal nerve results in atrophy and deviation of the tongue to the 
weak side 

Clinical cxaminarior? (see page 18) Causes (see page 175) 
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CAUSES OF LOWER CRANIAL NERVE PALSIES 

Lower cranial nerve palsies seldom occur in isolation. Investigations include CT or MR 
imaging of the skull base. If negative, specific tests for systcrnic causes and EMG (for 
nerve and muscle disease) may be required. 

Skull baselintracranial 
Basal skull tumours - 

meningioma, neurofrbrorna, metastasis, 
epidermoid, nasepharyngeal carcinoma 

Bone lesions - 
osteomyelitis (in diabetics, consider 
pseudornonas), chordoma 

Basal meningitis (especially tuberculous) 
Carcinomatous meningitis 
Glomous jugulare turnout (chemodectoma) 

Motor ncuron 

Intrinsic tumours, 
e.g. asrrocytoma 

Lower cranial nerve syndromes 

Jugular forornun syndrome: 

Recurrent laryngeal nerve lesions 
cran~al nerves. ,/ Mediastinal disease 
Cnllet-Sicard sv~rdroma: 

les~on (usually extractanla!) 
involving thu IX, X, XI 
and XIT cranial nerves. 

tfrllarer's yndroma: Systemic causes 

lesion of the retropharyngeal Diabetes 
I :  

\pace ~nvolwng thc IX, X, XI I I Meningovascular syphilis 
and XI1 cranial nerves and Sarcoidosis 
the cervical syrnparhmic Systemic lupus erythemartosus 
(Homer'? syndrome). 

Polyneuritis craniaris 

Multiple cranial ncrve pal~ies of unRnorvn actiolon which spantaneouslv remit. The diagnosis i s  dependent upon 
exclusion of other possible muses. Occasinnally i t  occurs in assnciation with or as a varianl nf postinfectious 
polyneuropathy . 
Myasthenia gravis may preqenr with a wcakness of the bulbar musculamre (see page 464). 



CLINICAL PRESENTATION. ANATOMICAL CONCEPTS AND DIAGNOSTIC APPROACH 

CEREBELLAR DYSFUNCTION 

Anatomy 
The cerebellum lies in the 
posterior fossa, posterior to the 
brain stem, separated from the 
cerebrum above by the 
tentorium cerebelli. 

The cerebellum consists of 
two laterally placed 
hemispheres and thc midline 
structure - thc verrnis. 

', 
Cerebellar tonsil 

-- Primary 
fissure 

# h 

: Vagusnerveand 

\ 
\ 

Cerebellar hemisphere 
Glossopharyngeal nerve roots 

Three major phyIogenetic subdivisions of the cerebcllurn arc rccognised. 

1 .  The anterior Inbe R ~ ~ e i v e s  afierent fibres from (spinocorcbellar pathways) 
[palcocerebellurn) -- - +, -- - -  ~n the spinal cord 

Fzincrion: rnainicnancc of gait. 

2. The posrcrior lobe - - Receives affermt fibres and projects efferent fibres 
~neocrlrebcIlum) from and tn rnntos mrrcxrc(vcsfibular nuclei, basal 

ganglia and pons. 
7, T h e  flncculonodular lobe; 1:ancrion: maintenance of po~tural tone and 

(archicerrbellum~ -'---- modulation of motor skills. 
\ '. 

Rcccivrs afferent fihres from vwtibular system. 
Fu:unction: maxnrenance of halancc. 
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CEREBELLAR DYSFUNCTION 

The cercbcllar cortex is made up of &ree cell 
,?' ..' layers. The middle or Purkinje Iayer contains Fastigial nucleus 

Purkinje cells. These are the only neurons ~ e n t a t e  nucleus 
capable of transmitting efferent impulses. Deep nucleus 
within the cerebellar hemispheres in the roof of Globose nucleus 
rhe 4th ventricle, lie four paired nuclei 
separated by white matter from the cortex. 

The efferent system \II " ,  
The  Purkinje ceIls give rise to all efferent axons. Deep nuclei of cerebellum 
These pass either to the deep nuclci of the --- ,' (Dentate, fastigial, 
cerebellum and thence to the brain stem, or to globose, embo liform) 

the vestibular nuclei of the brain stem. From '% 

there fibres relay back to the cerebral cortex --- Brain stem 
and thalamus, or project into the spinal cord, 
influencing moror control. nucleus 

T h e  afferent system 
Connections between the vestibular system and the cerebellum are described on page 169. 

'The spinocerebellar pathwavs form a major afferent input. These transmit 'subconscious' 
proprioception from muscles, joints and skin - especially of the lower limbs, 

THE DORSAL SPlNOCEREBELlAR TRACT THE VENTRAL SPINOCEREBELLAR TRACT 

fl Anterior lobe 

----Inferior cerebellar 
peduncle 

tract 

(TI 4 4 )  
Second order neurons arise here 
and pass to the dorsal tract. 

((0- Anterior lobe 
of cerebellum 

F- - - - - - - - - - - - - -super ior  cerebellar 

peduncle 

order neurons 
arise here (L1-L5) 

Ventral spinocerebellar 
tract 

The cerebellar peduncles. Three pcdunclcs connect thc cerebellum to thc brain stem: 
Superlnr pcduncle - afferent and efferent fibres. 
Mzddlr pcduncle - afferent fibres only. 
Infertor peduncle - airtlrcnt and efferenr fibres. 
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SYMPTOMS AND SIGNS OF CEREBELLAR DYSFUNCTION 

The close reIationship of structures within the posterior fossa makes the identification of 
exclusivelp cerebellar symptoms and signs difficult. Disease of the brain stem and its 
connections mav produce identical results. 

_ - -- Damage to midline structures 0 Resrr7t.q standing, - vermis in: walking disturbance (and and flocculonodular even of equilibrium sitting (truncal lobe) with unsteadiness ataxia). The on 

patient's gait is broad based and reeling. Eye closure does not 
' I 

T . % l  
affect balance (see Romberg9s test). Tests of vestibular 

I +,. r -  1 function, e.g. calorics, may be impaired. 

:---A F-- - --. '*\ - 
\''. Damage to hemisphere structures 

- always produces signs ipsilareral m rhe 
side of the lesinrr. 

Results in: a loss of the normal capaciry to modulate frne voluntary movements. Errors or 
inaccuracies cannot be corrected. The  patient complains of impaired limb co-ordination 
and certain signs are recognised: 

Ataxia of extremities with unsteadiness of gait towards thc side of the lesion. 
Dysmetria: a breakdown of movement with the patient 'overshooting' the target 

when performing a specific motor cask, e.g. finger-to-nose test. 
Dysdiadockokinesia: a failure to perform a rapid alrernating movement. 
Incention tremor: a tremor which increases as the limb approaches its target. 

Rebau~td phenomenon: the outstretched a m  . .. 
swings excessively when displaced. --.__ ..... - -  _. .. 

'Pendular' reflexes: the leg swings 
backwards and forwards when 
the knee jerk is eIicited. 

. '. .d. . . 

Eye movements 
Nysra,qmus results from disease affecting cerebellar connections to h e  vestibular nuclei. 

In unilateral disease, amplitude and rate increase when looking towards h e  diseased 
side. 

Other ocuIar signs may occur, e.g. ocular dysmetrin - an 'overshoot' when the eyes 
178 voluntarily fixate. 
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SYMPTOMS AND SIGNS OF CEREBELLAR DYSFUNCTION 

Disturbance of speech 
Scanni?2~ dysarrhriu may occur with specch occasionally delivered with sudden unexpected 
force - explosive spceclz. Whether dysarthria rcsults from hemjsphcre or midline verrnis 
disease remains debatable. 

Dysarthria, like nystagmus, is an inconsistent finding in cerebellar disease. 

Titubation 
Titubation is a rhythmic 'nodding' tremor of the head from side to side or to and fro, 
usually associated with distal limb tremor. I t  appears to be of little localising value. 

Head tilt 
Abnormal head tilt suggests a lesion of the anterior verrnis. Note that a IV (trochlear) 
cranial nen7e palsy and tonsillar herniation also produce this abnormal posture. 

InvclIuntary movements 
MyacIonic jerks and choreiform involuntary movements occur with extensive cerebcIlar 
disease involving the deep nuclei. 

ASSOCIATED NON-CEREBELLAR SIGNS AND SYMPTOMS: Thcse arisc from: 
- obstructive hydrocephalus 
- cranial nerve involvement 
- brain stem involvemenr. 

(Extensor spasms from brain stem damage may be wrongly described as 'cerebellar fits'.) 

CLASSIFICATION OF CEREBELLAR DYSFUNCTION 

The  following disorders are dealt with in thcir specific sections. 

Beuelopn?entai 
- agenesis 
- Dandy-Walker malformation 
- Arnold-Chiari malformations 
- Von Hippel Lindau disease. 

Demyclinariz*~ 
- multiple sclerosis. 
- acute disseminated 

encephalomveliris (ADEM) 
Depe~leratioe 

- cerebellar degeneration 
- multi-system atrophy (MSA) 
- ofivopontocerebellar atrophy 

Neoplasric 
- astrocytoma, medulloblastorna, 

haemangioblasroma, metastasis 
Parar~eopiastic 
- subacute cerebellar dcgencration 

Inf~ctiorrs 
- abscess formation 
- acute cerebellitis (viral) 
- Creutzfeldt-Jacob disease 

Meroboiic 
- mpxoedema 
- hypoxia, hypnglycaemia. 
- alcohol (vitamin B, deficiency) 
- inborn disorders of metabolism. 

(lipid or amino acid metabolism) 
Va~cralar 

- cerebellar haemorrhage 
- cerebellar infarction. 

Dr~lgs: tosins 
- alcohol 
- phenytoin. 
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Nystagmus is defined as an involuntary 'to and fro' movemcnt af the eyes in a horizontal, 
vertical, rotarory or mixed direction. The prescnce and characteristics of such movements 
heIp localise to the sire of neurological disease. 

Nystagmus may be pendrllar - equal velocity and amplitude in all directions, 
or jerk - with a fast phase (specifying the direction) and a slow 

phase. 

The normal maintenance of ocular posture and alignment of the eyes with the 
environment depends upan: 

Retinal input - Cerebral cortex 

Labyrinthine input 

G 
brain stem with --"-- 
vestibular nucleilcerebellum 

,.H Central connections in & 
Nystagmus may result from: 

- retinal disease 
- labyrinthine disease, or 
- disorders affecting the cerebellum or a substantial portion of the brain stem. 

Examination for nystagmus 
'Nystagmoid' movements of the eyes arc present in many people at  extremes of gaze. 
Nystapus  present with the eyes deviatcd Iess than 30' from the midline is abnormal. 

When nystagmus is present only with the eyes deviated to one side - Isr  
d e ~ r e e  nysragtntls. 

;.; 4%. 1 --., q With eyes deviated to one side and in the midline position also - 2nd 
I decree tzj~stagrnus . 

6 :  When present in all directions of gaze - 3rd degree nysraRmus. 
If nystagmus is detected, note the type (jerk or pendular), direction (of 

fast phase) and degree. 
Nyqtagrnus suppressed by visual fixation may appear in darkness, but this requires 

specialiscd techniques (electronystagmography - see page 62) to demonstrate. 

RETINAL OR OCULAR nystagmus 
Physiological: following moving objecrs beyond the limits of gaze - opticokinetic 
nystagmus. 
Pathological: occurs when vision is dcfective. Fixation is impaired and the eyes vainly 
search. 

Nystagmus is: 
Pendular (lacks slow and fast phase) 
Increased whcn lonking to sides 

180 Occurs in con,qetliral cararact, cotl,qeptiral tnaczrlar dcfecr, ulhinis~r~. 
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VESTIBULAR nystagmus 
Nystagmus arises from: 

- natural stimulalcion of the vestibuIar 
apparatus - rotational or linear 
acceleration. Creates an imbalance between each side 

- artificially removing or increasing the resulting in a slow drift of the eyes towards 
stimulus from one labyrinth (e-g. caloric the damaged side (or side with the 
testing). reduction in stimulus) followed by a fast 

- damage to vestibular apparatus or the compensatory movement to the opposite 
vestibular nerve, side. 

Physiological 
(ij Rotational acceleration produces nystagmus in the plane of rotation, 

Slow phase in a direction tending 
to rnainiain the visual image. 

_I__ - - Fast phase in the opposite direction. 
Fast 'low Fast 

(ii) Caloric testing sets up convection currents in the lateral s~micircular canal producing 
a horizontal nystagmus (see page 62). 

Patholo~ical 
Damage to labyrinth or vestibular nerve. 

Slow - 
L 

Fast 
Often associated with tinnitus and 
hearing lass. Vertigo and 
nystagmus setrle simultanenusly. 
Occurs in acute labyrinthine discase - Metliire's diselasc, vesribukar neuronitis, vascular 
disease. 

Slow phase to side of lesion. 
Quick or fast phase to normal side. 
Rotatory component often present. 
Turning eyes away from the side of the lesion 
increases amplitude but does not change direction 
of nystagmus. 
In severe cases. the nystagmus is 3rd degree and 
gradually settles to 1st degree with recovery. 
Enhanced by loss of ocular fixation. 
Vertigo accompanies nystagmus. 

POSITIONAL nystagmus: this may occur in labyrinthine disease in association with 
vertigo when the patient assumes a certain posture. 

After a delay of several seconds, nystagrnus 
develops often with a rotatow component. With 
repeated testing, the nystagmus fatigues. 
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CENTRAL NERVOUS SYSTEM nystagmus 
Central nystagmus arises from damage to the central vestibular connections in the 
vestibular nuclei and brain stem. The  nystagrnus may be horizontal, vertical, rotatory or 
dissociated (present in one eye only). 

- - 
The direction (fast phase) is determined by direction of gaze (multidirectional). 
Vertigo is seldom present. 
S i p s  of other nuclear or tract involvement in brain stem should be evident. 

Central nystagmus occurs in vascular disease, demyebinarion, rrenpiasms, nurritional disease 
(IVernicke's encephaloparhjq, alcohol inro.rication and drng roxickt-y, e.R. phenytoin. 

Posterior fossa lesions may produce positinno1 nysragmus. This may be distinguished from 
labyrinthine disease by: 

Absence of delay before onset, lack of fatiguing with repetitive testing, and a 
tendency to occur with any rather than one specific head movement. 

Although nystagmus often occurs in cerebellar disease, the role of thc ccrebellurn in its 
producsion remains unclear. The fast phase lends TO occur to rhe side of the cerebellar dawta~c 
( i .e ,  rhe opposite of labyrinthine disease). 

- Fast 
f- 

Slow 

Rebound nystagmus occurs where the  eyes 
'overshoot' on rcrurn to the midline. 

INTERNUCLEAR OPHTHALMOPLEGIA (Ataxic nystagmus) 
The median longitudinal fasciculus links, among Ill cranial 

other structures, the innervation of the lateral rectus 
with the contralateral medial rectus muscle in order Medial 
to coordinate horizontal gaze. A lesion of this longitudinal 
fasciculus will cause dissociarc! n-vsfagmus. 

direction of gate to R direction of gaze to L :'-VI cranial 
4-- 

c4D a T ~ C ,  a -z nuclei 

Nystagmus in No No Nystagrnus in 
abducting eye adduction adductian abducting eye 

medulla 
oblongata cranial 

nuclei 

Eyes no I n t ~ ~ c r  vtovc as one and Mysraptnlfs i s  present in 
182 one eye bur tzos the orher. 
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In unilateral medial longitudinal fasciculus lesions r h e  eye fails to adduct towards the 
affected side. 
N.B. Internuclear ophthalrnop'legia differs from a bilateral I11 nerve or nuclear lesion in 
that the pupil is not affected and when testing eye movements individually, some adduction 
occurs. 
The disorder characteristically occurs in multiple sclerosis but also in brainstem infarction, 
haemorrhage, trauma, syringobulbia and drug toxicity (phenytoin). 

OTHER VARIETKS OF CENTRAL NERVOUS SYSTEM NYSTAGMUS 

1. Downbeat Occurs with lesions around the aqueduct of Svlvius or ccrvicorneduilary 
nystagmus junction. Fast phase is downwards (downbeating nystagmus). 

2. Convergence @ @ Occurs with lesions in upper midbrain region. 
nystamus -- - 

C 
- - 

3. See-saw One eye intons and moves up while the other extorn and moves down. 
Occurs with sellar or paraseltar mass lepion. 

A group of confusing terms are used to desctihe abnormal, involuntary eye movements seen in cerebeIlarlbrain 
stem discase: 

Oc~rlar bobhi~?g - fast drift downwards, slow drift upwards; scen with large ponrine lesions. porizontal eye 
movements are absent.} 

Opsoclonua - rapid conjugate jerks of eyes; madc worse by head movement. The eve movements are randam. 
Osc~llop,Fia ir a term used ro describe the patient's awareneqq of jumping of the environment as a consequence of 

rapid jerking eve movements. 
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TREMOR 

Tremor is a rhythmic involuntary movement normally affecting the limbs. Diagnosis 
depends on examination of the character of the tremor as we11 as the presence of other 
specific features. 

Note the presence of tremor: 
+ At the end 

of movement 

On movement ((3 
(Finger-nose test: 
at target) 

(Finger-nose test: 
between targets) 

Observc: 
- the rate (slow, 4-6 Hz), (rapid, 6 1 2  Hz) 
- the amplitude (fine or coarse) 
- the distribution: head, trunk or limbs (distal or proximal) 
- associated features e.g disorder of gait or balance 

Most tremors disappear during sleep. 

Physiological tremor is evident on maintaining a fixed pasture, fast in rate (8-12 Hz), 
fine in character, distal in distribution and non-disabling. It is enhanced by fatigue, anxiety 
and drugs e.g, caffeine, steroids. 

Pathological tremor occurs at rest or with movement, slow in rate, coarse in character, 
proximal or distal and often asymmetrical in disrribution. This tremor is socia'lly and 
physically disabling. 
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TREMOR 

CHARACTERISTICS OF PATHOLOGICAL TREMOR 
Tremor at rest 

'Pill-rolling' tremor. decreasing 1 
with movement. 
Rate: 3-7 per second. ... PARKINSON'S DISEASE 
Arnplitrade: coarse. OR DRUG INDUCED 
Disrriburiun: distal Iimbs. 1 FARKINSONISM 

Usually associated with bradgkinesia and 
rigidity. 

Tremor on maintaining posture and throughout range of movement 

Tremor ahsenr at rest, when the limb is relaxed, but 
present on maintaining a fixed posture and during 
movcmtnt. 
Rate: 6-12 Hz 
amplitude: fme 
Slow insidious onset 
Distribrifion: 
Upper limbs involved, lower limbs rarely. 
Titubation (tremor of the head on the trunk) 
often present. 

POSTURAL TREMOR. 

Specific types of posrural tremor are recognised 

FAMILIAL TREMOR - often Mendelian dominant. 
ESSENTIAL TREMOR - no family history. 
SENILE TREMOR - develops in old age. 

The tremor may progress until handwriting becomes impossible and feeding difficult. 
Alcohol may temporarily abort the tremor; beta blockers may produce an improvement. 

Tremor during and maximal at the end of movement 

Tremor absent at rest; present during movement and 
maximal on approaching target, e.g. finger-nose test. 
Rate: 4-6 per second. 
Amplitude: coarse. 
Distrib~rion: Proximal and distal. 

Titubation may occur. 
Usually associated with other cerebellar signs 

v CEREBEZI-AR TREMOR 

('intention tremor') 

Extrcrncly severe tremor - suffirien~ to intmupt - MIDBRAIN TREMOR 
movement and throw patient oll balance. duc to disease involving the 

ccrcbellar~red nucleus cnnnectiona, 
c.g. ~nvltiplt. sclerosis. 
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MVOCLONUS 

Myoclonus is a shock-like contraction of muscles which occur irregularly and 
asymmetrically. Such jcrks occur repetitively in the same muscle groups and range from a 
flicker in a single muscle to contraction in a group of muscles sufficient to displacc the 
affected limb. 
Pathophysiology 
The precise nature of myoclonus remains unclear. Several forms exist, some clearly related 
to epilepsy; others may be associated with damage to inhibitory mechanisms in the 
brainstem rericular formation. Myoclonus may result from pathological changes affecting a 
variety of different sites including the motor cortex, cerebellum and spinal cord. 
Clinical features 
Myoclonic movements when repetitive vary in frequency between 5-601rnjnute. The 
musc'tes of the face, aral cavity and limbs are preferentially affected. The movements may 
be accentuated or precipitated by visual, auditory or ract i l~ stimulation. Repetitive 
stimulation may result in a crescendo of rnyoclonus which resernblcs a seizure. 

Physiological myoclonus occurs in sleep (hypnic jerks), with anxiety and in infants when 
feeding. 
Causes 
Myoclonus occurs in many rare conditions of the nervous system. Four groups of disorder 
are recognised: 

Progressi~le myoclnnus 
Familial disorders: 
- Lafora body diseasc 
- Tay Sach" disease 
- Gauchcr's disease 
- Ramsay Hunt syndrome 
- Benign polpmyoclonus 

Degenerative disease: 
- Subamte sclerosing 

panencephalitis 
- Alzheimer's diseasc 
- Pick's disease 
- Diffuse Lewy body disease 
- Huntington's discase 
- Prion discasc 
- Creutzfeldt-Jacob disease 

Meraholic disease associared Miscettanen~s disorders 
r~~rrith rransient ~nyocinnus - Cerebral anoxia 
- Hyponatraemia - Vasculitides 
- Hypocalcaemia - Sarcoidosis 
- Renal, hypoxic, hepatic - Paraneoplastic diseasc 

encephalopathy - Mitochondria1 disease 
- Non kctotic hyperglycaemia - HIV encephalopathy 
- Hypoglycaemia - Whipple's disease 

Epileptic disorders in which mwvoclnnr~s occurs 
Gencralised seizures: - associated with petit ma1 

- during prodreme of grand ma1 
- photosensitive myoclonus 

Juvenile myoclonic epilepsy 
Lennox Gastaut syndrome (arypical petit maI, drop attacks 

and mental retardation) 
West's syndrome 

Palatal ~rryoclonus - an unusual myoclonic disorder with rapid regular movements of the 
soft palate and occasionally of the pharvngeal and facial musculature. Palatal movements 
occur at a rate of 12Q-140:minute. This disorder is associated with degenerative changes in 
the olivary and dentate nuclei. 
Treatment 
Benzodiazepine drugs such as clomazepam may suppress rnyoclonic movements. Piracetarn 
(G.A.B.A. anaIogue) and levodopa or dopaminc agonists are also used. 

An exaggerated startle response can be confused with rnyoclonus. This is often 
186 physiological but can be disabling - I~yperecplexiu (Startle disease). 
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DISORDERS OF STANCE AND GAIT 

The normal gait is characterised by an erect posture, rnodcrateIy sized steps and thc medial 
malleoli of the tibia 'tracing' a straight line. 

, 
A step forward requires: ,,' , 
- hip flexion, -- - - - - A  

- knee flexion and - - - - - - -

A

-  

- ankle dorsiflcxion - -. - - - 
+- 

Co-ordination ensures fluidity of movement. 
Antigravity reflexes maintain the erect posture. Thcy depend upon spinal cord and brain 

stem connections to produce extension. 

ASSESSMENT OF STANCE AND GAIT 
In  a patient complaining of disturbance of waIking, careful assessment indicates the likcly 
site of thc causative lesion. 

Watch the patient: 
- walking 
- performing tandem gair - heel to toe walking, 
- standing with hecls together with (a> eyes open, (b) eyes closed - this (Romberg's test) 

distinguishes sercbcllas from sensory ataxia. 

Eyes open 

Stance normal 

[Rornberg 'positive') 

Eyes closed 

1 . \  
-. 1 

Stance unsteady 

Sensory ataxia 

compensates for 

Proprioception 

Cerebellar ataxia 
Unsteadiness 

Stance unsteady marginally increased 

I 
Cerebellar 
deficit 

marginally helped 
by visual input. 

Proprioception 187 
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SPECIFIC DISORDERS OF STANCE AND GAIT 

ATAXIC GAIT 
1. Cerebellar The feet are separated widely when ---- - - -  -* m a3 

standing or walking. 
Steps arc jerky and unsure, varying in size. 0.a 
The trunk sways forwards. 

In mild cases: Tandem gait (heel-toe walking) 
is impaired; the patient falling to one or  both sides. -- - - -- -r 
2. Sensory 
Disturbed cnnscious or unconscious proprioception due to interruption of afferents in 
peripheral nerves or spinal cord (posterior columns, spinocerebellar tracts). 

T h e  gait appears noma1 when the eyes are open although the feet usually 'stamp' on the 
ground. Examination reveals a positive Romberg's test and impaired joint position 
sensation. 
HEMWLEGIC GAJT 
The leg is extended and the toes forced downwards. When 
walking, abduction and circumduction a t  the hip prevent 
the toes from catching on the ground. 

In paraplegia, strong adduction at the hips can produce Hemiplegic gait 
n scissor-like posture of the lower limbs. 
In mild weakness, the gait may appear normal, but 
excessive wear occurs at the outer front aspect of the 
padent's shoe sole. 
PARKINSOMAN (festinaring) GAIT 

The patient adopts a flexed, stooping posture. f-----/&-A T o  hurries initiate (festinares) walking, to he 'catch leans up' forwards on himself. and then The 

steps are short and shuffling. 

STEPPAGE GAIT MYOPATHIC CwaddIing) 
Lower motor neuron weakness of prctibial GAIT 
and peroneal muscles produces Characteristic of muscle 
this gait disorder. T h e  patient disease. Trunk and pelvic 
lifts the affected leg high muscle weakness result in a 
so that the toes clear the ground. sway-back, pot-bellied 

When bilateral, it resembles appearance with difficulty in 
a high-stepping horse. pelvic 'fixation' when 

FRONTAL LOBE GAIT walking. 

Disturbance of connections between frontal cortex, basal ganglia and cerebellum prnduces 
this characteristic disturbance. T h e  gait is wide based (feet wide apart). Initiation is 
difficult, the ftet often seem 'stuck' to the floor. There is a tendency to fall backwards. 
Power and sensation are normal. 

HYSTERICAL GAIT 
Characterised by its bizarre nature. 

Numerous variations are seen. The hallmark is inconsistency supported by the lack of 
188 neuroIogica1 signs. Close observation is essential. 
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L I M B  WEAKNESS 

Limb weakness results from damage to the motor system ar any 
IeveI from the motor cortex to muscle. MOT OR 

UPPER MOTOR NEURON WEAKNESS 

MUSCLE TONE 
Hypertoniciry develops after a period (a few days or 
weeks) of 'neural shock'. Passive rnovemenrs 
produce a 'clasp knife' quality, i.e. sudden 
'give' towards the end of movement. 
CIanzls - present. 

MUSCLE FASCICULAIZON 
Absent. 

MUSCLE WASTING 
Absent - but, in the long term, disuse atrophy 
results. 

REFLEXES 
- Tendon - exaggerated. 
- Superficial - depressed or absent 

(abdominal, cremasteric). arrangement 

- Plantar response - extensor* 

DISTRrnUTION 
In general, whole limb or limbs are involved, 
e.g. rnonoplegia, herniplegia, paraplegia. 

Weakness shows a PREDILECTIDK for cerfain 
muscle groups in a PYRAMIDAL DISTRIBUTION, i.e. cortico- 

spinal The anterior cortico- 
tract spinal tract carries upper limbs - extensor , flexor only 20% of the descending 

weakness weakness fibres and 

decusssates at segmental 
lower limbs - flexor -., extensor level. 

weakness weakness 

This  results in the 'spasric' posture with the arm and 
the wrist flexed and the leg nrtended. In upper motor 
neuron lesions, SKILLED movements, e.g. fastening 
buttons, are always more affected rhan unskilled 
movements. 

N.B. Dual innervarion from each hemisphere results in 
sparing of the upper face, muscles of mastication, the 
palate and tongue with a unilateral upper motor neuron 
lesion. 
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L I M B  WEAKNESS 

LOWER MOTOR NEURON WEAKNESS 

MUSCLE TONE 
/ Anterior Hypatonicity with diminished resistance to 

horn passive stretch. 
cell Clonus - absent. 

MUSCLE FASClCULATlON 
Present - irregular, non-rhythmical 
contractions of groups of motor units. More 
prevalent in anterior horn cell disease than in 
nerve root damage. 

MUSCLE WASTING 
Wasting becomes evident in the paretic muscle 
within 2-3 weeks of h e  onser. 

REFLEXES 
- Tendon - depressed or absent. 
- Superficial - rarely affected (abdominal, 

cremasteric). 
- Plantar response - flexor. 

DISTRIRWON 

Either - rnuscIe groups involved in 
distribution of a spinal sepentlroot,  plexus or 
peripheral nerve, 

or - generalised limb involvement affecting 
proximal or distal muscIes or following a 
specific distribution, e.g. facioscapulohurneral 
dystrophy. 



CLINICAL PRESEWTATION. ANATOMICAL CONCEPTS AND DIAGNOSTIC APPROACH 

LIMB WEAKNESS 

LESION LOCALIS ATION 
The foregoing clinical features readily distinguish weakness of an upper motor neuron, 
lower motor neuron or mixed pattern. Combining thcse findings with other neurological 
signs enables I~calisation of the lesion site. 

UPPER MOTOR Useful localising features 
NEURON (not always present) Lesbn site 

LTMB WEAKNESS 
- UNILATERAL Impairment af conscious level. 

VisuaI field deficit. 
Dysphasia (if dominant hemisphere). 

Alert. 
No dysphasia (if dominant 
hemisphere). 
Visual field deficit rare. 

Contralatcral 111 nerve palsy. 

I 
Conjugate gaze deviation 

motor neuron towards the weak limbs (impaired 
movement towards thc 'normal' 
limb). 
Lower motor neuron facial 
weakness nn side opposite the 

HEMlPLEGlA weak limbs. 

Visual Field deficit. 
Discriminatory sensory deficit. 
Pain and temperature loss on 
the same side as the wcakness 
and a Homer's syndrome and 
weak palate and tongue on the 
apposite side. 

Pain and temperature loss on 
the opposite side to the limb 

Arm -t Face wcakness and a Horner's syndrome 
and proprioception loss on the 
same side. 

Visual field deficit. 
Dysphasia (if dominant 
hemisphere). 
Discriminatory sensory deficit. 
Discriminatorp sensory deficit. 
Pain and remperaturc loss in the 

MONOPLEGIA opposire leg, proprioception Ioss 
on the same side. 

CONTRALATERAL 

INTERVAL CAPSULE 

M 

CONTRALATERAL 
M1I)BFtAIN LESION 

I CONTRAL ATERAL 

PONTIKE LESION 

1 COKTRA- 

1- I.ATEX4L ' 
CORTEX 

1 CONTRALATERAr. - 
MEDUL1,ARY 

LESION c4 

1 

I CONTRA 

CC)RTEX 
LESION 

IPSILATERAL 
SPISAI .  LESION 
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L I M B  WEAKNESS 

UPPER MOTOR 
NEURON 

LIMB WEAKNESS Useful localising features 
- BILATERAL (not always present) Lesion sire 

Face (lower 
motor neuron) 

Facial movements lost but 
Arm verticaI eye movements retained - 

'locked-in svndrome'. 
FONTINE T,ESIOx 

Leg 

TETRAPLEGIA 
(syn. QUADRA- 

Facial moverncnts retained, hut 

1 no tongue or palare movement BILATERAL / 
or speech - a variant of the MEDULLARY C1 
'locked-in" syndrome. LESION I 
Vcntilatnry support required C3 
(no cranial nerve lesion). CERVICAL 

SPINE 

LEST ON 

Diaphragmatic respiration. C4 

PARAPLEGIA 

Discriminatory sensory loss. 
'Frontal' incontinence. 
(Pain and temperature sensation 
intacf.) 

Leg Sensory level' - impairment Or 
loss of all sensory rnodalides. TI 
Hcsirancy of micturition or 
acute urinary retention. 

I 
L1 

Weakness of the palate and 
tongue on the side of the arm 

Leg 
weakness, 

LESION 

(below 
"arm' fibre 
decussa t ion 
above 'leg' fibre 
dccussation) 



C L l Y l C A L  PRESEVTATIDN, ANATOMICAL CONCEPTS AND DIAGNOSTlC APPROACH 

LIMB WEAKNESS 

MlXED UPPER AND LOWER 
MOTOR NEURON WEKYESS 
- UNILATERAL OR BILATERAL 

Useful localising features 
(not always present) CERVICAL 

SPINE 
Ar rn 
lower motor - 
neuron 
f 
upper motor 
neuron 

Leg 
upper motor 
neuron 

Leg 
lower motor 
neuron 
+ - 
upper motor 
neuron 

Lower motor neuron lesion LESION 
identifies the lcvel of segmental C5 
cord damage, 
e.g. weak a r m  abductors, 

I 
TI 

weak elhnw flexors, motor neuron 
reduced bicep5 jerk, 

weak elbow extension, 
increased triceps jerk. 

hut note rhar wasrinf of rhe small hand rnllsc1e.r ( T I )  may 
accompany cervical lesions at any [ewe!. LUMBO- 

Upper motor neuron signs are 
important in dctecting level of 
cord damage (since lower motor 
neuron signs may result from 
tither segmental damage or root 
damage from a higher level). 

N.B.  Dual lesions, e.g.  cervical + liimbar spondylosis may cause mixed (zdwtn and Zmw) s i ~ n s  in 
hnrh arrn and leg. 

LOWER MOTOR NEURON 
LIMB WEAKNESS Anterior horn cell - UNILATERAL OR Natc the muscle groups L 

BILATERAL involved and the area of sensory 
impairment (if present). 
Does this fit the distribution of 

(pages 20-25) 
- one or 

root distribution without 
sensory deficit - - - - - - - - - -*'- 

the RRACHIAL PLEXUS 

(page 4302 
the LUMBOSACRAL PLEXUS 

(page 438) 

a PERIPHERAL NERVE (page - --- 
433-436,43€?440). 193 
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L I M B  WEAKNESS 

LOWER MOTOR NEURON 
LIMB WEAKNESS - BILATERAL (contd) 

Notc the muscle groups - - 

involved and area of sensory 
impairment: 
(as above). 
DISTAL muscle groups POLYNELTROPATHY 
involved / 

reflexes absent or 
diminished 

- PROXIMAL muscle groups 
involved reflexes 

present \ 
M Y 0  

SPECIFIC ~ U S C I ~  groups FACTOSCAPULQHUMERAL 
involved. DYSTROPHY I1 

LIMB WEAKNESS < Fatigue with repetitive effort - JUNCTION 

- VARIABLE INTENSIW HYSTERIA 

LESION SITE DIFFERENTIAL PRELIMINARY 
DIAGNOSIS INVESTIGATIONS 

Cerebral hemispheres, - - - - Iyascntlar 
midbrain, pons, - - - - - - - - - - - CT scanlMR1 
medulla Injecr ion 

Demyelination - - -- - - evoked potentials 
Spinal cord -- - -- - - - - - Bern-yelinarioa - - - - ' CSF oligoclona1 bands 

Spowdylosisldisc diseuse 
T~imnur 1 Straight X-ray 

- - -  
Infecrion 

CT myelography 

Vascular MRI 
1 

Anterior horn cell ( A  spinal- Moror nelrron disease - - - - - -Electromyography (EMG) 
cord) (progressive rnuscsclilar arrophy) 

Nerve roots - - - - - - - - - - - - Spondylosisldisc d i ~ ~ a s e  
CT ScanlMRI 

,,, , (myelography - cervical roots, 
Ttirnour radiculography - lumbar roots) 

Plexuslperipheral nerves --- - Peripherai rzeuropathy 
Trauma ----- 

Nerve conduction studies 
Tzdmour infiltration 

Ncuromuscular junction -- --  Myasthenia gravis - - - -- EMG, Tensilon test 
Myasthenic syndrome 

Muscle - - - - - - - - - - - -  - Myoplarhji - - - - - - - - -  - 
194 Dy stropJ~y 

EMG, Muscle biopsy 
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SENSORY IMPAIRMENT 

ANATOMY AND PHYSIOLOGY 
The sensory system relays information from both the external and the internal 
environment. 

Receptors e Specahlised - smell, vision, hearing 
convert this inform- Visceral - viscera, smooth muscle considered 
ation into electrical (unconscious or autonomic) 
action potentials. Somatic - skin, striared muscle, joints 

Cutaneozis receprors are of several types and, while overlap does occur, each has some 
specific purpose. 

Krause 
100 p or less 

Cofd 

/ 
Ruffini 

I300 p or less) 
Warmth 

Meissner 
(100 pl 

Light Touch 

Pressure 

Mzcscle and tendon receptors 
These receptors along with 
those of pressure and touch Golgi 
provide information on body Muscle spindle tenden organ 
and limb position - proprioception. 
Continual stimulation of most receptors results in a reduction in the action potential 
frequency - ADAPTATION 

CENTRAL CONNECTIONS 
Sensory neurons (bipoIar cells) relay information to 
the spinal cord via the dorsal root to the dorsal root 
envy zone. The ariatomica1 and physical 
characteriszics of t hc  neurons vary depending on the l ie in the 
information they carry, as do the central pathways: d o ~ a l  root 

ganglia Dorsal root entry zone 
FAIN AKD TEMPHRATUKE \ 

'm 
TOUCH - Spinnrhalawra'c pathway 

STMPLE 
Two forms DISCRIMJNATING 

are recognised (concerned with texture, 

contour, size and shape) 
Dorsal column parhway 

'CONSCIOUS' PROPRIOCEPTION Dorsal and ventral spinoccrebellar 
.uNcoNscrousT P R o P R I o m r n m x  'pathway 195 
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SENSORY IMPAllRMENT 

SPINOTHALAMJC PATHWAY 
1. Fibres enter the root entry zone and pass 

up or down for several segments in 
Lissauer's tract before terminating in the 
dorsal aspect of the dorsal horn. 

2. Second order neurons synapse locally, 
cross the midline and run up rhe 
spkothalamic tract and lateral lernnisctas to 
terminate in the posterolateral nucleus of MIDBRAIN ,-- 

the thaIam11s. Throughout its course, the 
fibres lie in a so~natotopic arrangement with 
sacral fibres outermost. In the brain stem 
the lateral lernniscus gives off collateral 
branches to the reticular formation, which lerninfscus 

projects widely to the cerebral cortex and 
limbic system and is joined by fibres from 
the contralateral nucleus and tract of the 
trigerninal nerve. Spinothalamic 

3. From the thalamus, third order nezarons 
project to the porieral cortex. 

(cervical level) 

Internal DORSAL COLUMN PATHWAY 
1. Fibres enter in the root c n t q  zone and 

run upwards in the dorsal cnlrdmns to the 
lower medt41Fia where they tcrminate in the 
nzrcfeus gracilis and nucIeiis crowatus. 

2 .  Second order neurons decussate as the 
internal arcimre fihres and pass upwards in 
the medial icmniscus. Maintaining a 
somarotopic arrangement, h e y  terninate in 
the ventral posterolateral thalamus. 

3. Third order lreatrons arisc in the thalamus 
and project to the parietal cortex. 

SPINAL CORD nORSAL AND VENTRAL SPTNOCEREBELLAR PATFIWAYS: 

196 see Cerebellar dysfunction, page 176. 
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I 

I SENSORY IMPAIRMENT 

I EXAMINATION OF THE SENSORY SYSTEM: see page 21 

CLINICAL FEATURES 
Sensory disturbance may result in: 

NEGATIVE symptoms: 'a loss of feeling' 
'a deadness'. 

POSITIVE symptoms: 'a pins and needles sensation' 
'a burning feeling'. 

Lesions of rhe PERII'HEKAL NERVES or NERVE ROOTS may produce 'negativc' or 'positive' 
symptoms. 

SP~NOTHALAIMIC TRACT lesions - 
seldom produce pain but usually a lack 
of uwareness of pain and temperature. 
This  may result in: 
- trophic changes: cold 

blue excremides 
hair lass 
brittle nails 

- painlcss burns 
- joint deformation (Charcot's joints). 

I DORSAL COLUMN lesions - 
produce a discri~ninarorj~ t-vpe of sensory loss. 
- impaired KWO point discrimination 
- astcreognosis (failure to discriminate 

objects held in the hand). 
- sensory ataxia 

(disturbed proprioception], 

Lesions of the PARIETAL CORTEX also produce a discriminatory r-vpc of sensorjl /ns.v. Minor 
lesions prrduce sensory innrrc~rrion (perceprual rivalry) - with bilatera1 simultaneous limb 
stimulation, thc stimulus is onlv perceived on rhe unaffecred side. 

LESION LOCALISATEON 
The pattern of the sensory deficit aids lesion localisation. 

Sensory deficit Useful localising Lesion site 
features (if present) 

LESION 01: CONTR4LATERAL 
'Discriminatory' sensory deficit. PARIETAL 
Sensory inattention 

(perceptual rivalry) 
Only minimal pain and 

temperature loss 

or selective deficit in face, arm, 
rrunk or leg. 

I 

Loss of all sensory modalities 
including pain and tcrnperature CONTRAL.ATERA1, 

in the face, arm, trunk and leg. 
THALAMIC LESION 
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SENSORY IMPAIRMENT 

LESION LOCALISATEON (conrd) 

Sensory deficit Useful locafising Lesion site 
features (if present) 

FACIAL 
SENSORY 

HEMTSENSORY 
LOSS 

LOSS 

Loss of all modalities in the 
limbs (depending on the CONTRALATERAL 

extent of the lesion). 
Loss of pain and temperature 
on the opposite ~ i d e  of the facc 
with or wrrhout 'muzzle' area 
sparing and a 13teral gaze palsy 

i towards that side. 

As above - but lateral gaze 
COXTRALATERAL 

normal. 
MEDULLARY 

Weakness of palate and tongue 
on side opposite to thc limb 
sensory deficit. 

CONTRALATERAL 

Loss of pain, rempcrature and 
Iight tnuch below a specific 
dermatome level (may %pate - 
sacral  ensa at ion). 

tract -------- 
Loss of all modalities a t  one or ' lesion) 

several dermatome leveIs. 
BROWS-SEQUAKD 

Loss of pain and temperature 
below a specific dermatome 

Loss of prnprioception and 
irninatory' touch up to 

similar level and limb 

Bilateral loss of all modalititls. 
Bilateral leg weakness. 

COMFLETI- ( < IZD LESI(3h' 
Bilateral loss of pain and 
temperature. 
Preservation of proprioception 
and 'discriminatory' sensation. 

'SUSPENDED' CFNTRAL CURD LESION 

SENSORY 

198 
LOSS 
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SENSORY IMPAIRMENT 

LESION LOCALISATION (contd) 

Loss of a11 sensory modalities 
in dermatome disrribution I W  

\ 
W& . . d' ,'.A 
'I 

DORSAL ROOT LESION 

I 

Greater occipital nerve 

-- ,Lesser occiaital nerve 

aurtcu~ar nerve 

Cervical cutaneous nerve 

Posterior rami of cervical 
nerves 

nerve 
Axillan/ nerve 

Medial brachial 
cutaneous nerve 

Posterior brachial 

I -  _/I_ 
I 
1 

1 I 
I I 
I u 
I 1  
t 1  

cutaneous nerve 

Anterior femoral 
cutaneous (fernor 

Superficial peroneal 

Med. antebrachial 
post.{ cutaneous n. 
Lateral antebrachial 

" I  . 
. I r I \\ cutaneous (rnusculo- 

cutaneous) n. 
Supedicial 

l llnnr radeal nerve -. ... 
Median 

Lateral femoral cutaneous 
Anterior femoral nerve 

cutaneous nerve 
Posterior femoral cutaneous 

nerve 

Common peroneal nerve 

Superficial peroneal nerve 
Saphenaus nerve 

nerve 

/ Tibial nerve 

I 

I h 

Lateral plantar nerwe : Deep p e r o n e w  Medial plantar nerve 

I I 

I 
I 

Loss of all or some modalities 

b 

7 4 

1 in peripheral nerve disrrlbution 1 p P R R I P H E ~ L  NERVE 

LESION 

DIFFERENTIAL DIAGNOSIS -as for limb weakness - page 194 
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Peripheral receptors of pain - free nerve endings lying in skin or other organs - are the 
distal axons of sensory neurons. Such unmyelinated or only thinly myelinated axons are of 
small diameter. The  termination and central connections of these axons are described on 
page 196. 

The type of stirnuIus required to activate free endings varies, e.g. in muscle - ischaemia, 
in abdominal viscera - distension. 

Certain substances - bradykinins, psostagIandins, histamine - mav 
stimulate free nerve endings. 

These substances are released in damaged tissue. 

CONTROL OF SENSORY (PAIN) INPUT 
The Gate control theory 

-y@>) 
A relay system in the posterior horn of the spinal cord modifies pain input. This involves 
interneuronal connections within the substantia gelatinosa (a layer of the posterior horn 
which extends throughout the whole length of the spinal cord on each side). 

Thick myelina$ed 

An afferent impulse arriving at the 
posterior horn in thick myelinated fibres 
has an inhibitory effect in the region of 
the substantia gelatinosa. 
An afferent impulse arriving in thin 

wyelinated or unmyeiinased fibres (i.e. 
transmitting pain) has an excitatory 
effect in the region of the substantia 
gelatinosa. 

The overall interaction of these 
inhibitory or excitatory effects 
determines the activity of second order 
neurons of rhe spinothalarnic pathway. gela"'"0sa 

A reduction in activity of large 
sensory fibres 'opens' the gate. 
Stimulation of Iarge sensory fibres Cross section of the spinal cord: the gate area connections 

theorericaIly 'closes' the gate. 
In addition to these segmental influences, higher centres also control the gate region and 

form part of a feed-back loop. 

Pain perception 
The  awareness of pain is brought about by projection from the thalamus to cerebral cortex. 
Personality, mood and neuroticism all influence the intensity of pain perception. Diffuse 
projections through Lissauer's tract and the reticular core of the spinal cord white matter 
to the reticular fnrmation and limbic system probably contribute to the unpleasant, 
emotionally disturbing aspects of pain. 
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NEUROTRANSMITTER SUBSTANCES 
Evidence based on both human and animal studies has shown that an endogenous system, 
lying within the central nervous system can induce a degree of analgesia. Electrical 
stimulation of certain sites, such as the periaqueductal grey matter, can inhibit pain 
perception. 

Receptor sites for endogenous opiates have been found in the posterior horns and 
thakmus as well as at several other sites. The endogenous substances which bind to these 
sites are called encephalins or endorphins. 

Substance P, a polypeptide, found predominantly around free nerve ending receptors and 
in the spinal cord posterior horns, is the likely primary transmitter of pain. 

DRUG TREATMENT 

Sites of potential drug action: 

Block transmission En nerves? 

Block pain transmission centrally; 
opiatestnarcotics 

Block receptors at 
periphery, e.g. aspirin, 
non-steroidal anti-inflammatory drugs 

Drug selection in pain treatment depends on the severity, cause and the expected 
duration of the pain, i.e. acute pain - less than 2 weeks duration, e.g. postoperative, 

post-traumatic, 
renal colic. 

chronic pain - benip origin, e.g. postherpetic neuralgia 
phantom limb pain 
chronic back pain. 

- malignant origin. 

1. In acute pain, drug therapy ranges from mild a~algesics - aspirin, paraceam01 - to 
narcotic agents - morphine, heroin. Tranquilla'sers may also help. 

2. In chronic pain of benign origin, narcotics and sedatives must be avoided. X R  these 
patients, depression usually plays a r6le and the clinician must not underestimate the 
value of antidepressants. 
Anticonoulsants - carbamazepine appears to benefit many patients, probably due to its 
membrane stabilizing effect. 
Topical treatment - capsicin blocks substance P and inhibits pain transmission in the 
skin. Used for postherpetic neuralgia. 

3. In chronic pain from terminal malignancy, patients often require strong narcotics - 
morphine, heroin. Frequent administration of small doses provides the greatest effect. 
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PERIPHERAL TECKNIQUES 
Generally used for more benign conditions and before resorting to central techniques. 

NERVE BLOCKS: Injections of agents into peripheraI nerves or roots abolishes pain in 
the appropriate demamme; motor and sympathetic funcrion are also lost. Local 
anaesthetics produce a temporary effect; neurolytic agents, e.g. phenol, alcohol, give 
permanent results. 

- Intraspinal phenol or hypertonic saline for chronic pain 
usually used in petienrs with terminal , ---DORSAL RHIZOTOMY: 
malignancy. Division of the dorsal roots via a 

- Epidural IocaI anaesthetic pmduces temporary 't, laminectomy has a high failure rate 
analgesia. Narconc infusion appears useful 1 and provides only short lasting 

far controlling postoperative pain and benetir. Now seIdorn performed. 

malignancy. 

- Sympathetic Gangliota or Trunk 
- anaesthetics or neumlytic 

agent often helps causalgic pain. --. . - - _ - 
(see page 204). 

- Paravertebral or Peripheral Nerve 
- local anaesthetics may benefit 
remporary pain states, e.g. fractured 
rib, bur neurolytic agents often 
causc a painful neuritis. 

ACUPUNCTURE: 
Insertion and rotation of 
needles in specific 

FACET J O W  FNJECTION: 
Depomedrone cornbrned with marcaine, injected into the 

cutaneous points appmrs facet jolnts, hclps some patlents with backpain f'mm 
to produce some ostmarchritic degeneration and can be repeated as 
analgesia in acute pain. 

required. Alternatively a percutaneous radiofrequency 
Long-tern results in heat lesion applied to the posterior ramus of the spinal 
chronic pain are 

nerves exiting fmm the intervertebral foramen, 
disappointing. Although 

denervates the facer ioints, This technique relieves facet 
cnderphin release 

joint pains in the majority of patients, but as the nerve 
occurs, the rdie of thc 

regenerates, pain return* unless preventative measurer 
placebo effm remains arc adopted. 
unclear. 

TRANSCUTANEOUS ELECTRICAL NERVE STIMULATION 

Prolonged elcmicaI stimulation over the affected site 
often alleviates pain of peripheral origin. This 
technique acts either by stimulating large diameter 
fibres, closing the 'gate' at the dorsal root entry zone or 
via higher centres. 
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- . 

PAllN - TREATMENT 

CENTRAL TECHNIQUES 
Used primarily in patients with intractable pain from malignancy 

STEREOTACTIC THALM%OTOMY: T h c  spinoreticular system appears largely rmponsibte for the unpleasant 
aspects of pain sensation. Stercoracric obliteration of  he spinnreticular rclav nuclei in the thalamus (page 370) may 
help patients with intractable pain from malignancy involving the head, ncck or brachial plexus, sites where other 
methods of pain conrrnl are hmired. 

t 
1 

DEEP BRATN STIMULATION: Stimulation 
MESENCEPHALOTOMY: A 

4 radiofrequency heat lesion in a 
of implanted electrodes Inserted in rhc I 

I 
~tereo~acrically implanted electrode 

periventricular grey matter, senqorv 
I inserted into the midbrain reticular 

relay nucleus of the thalamus or 
internal capsule may produce 
pain relief in patients with 

If successful, a 
mdiocontrollcd 

implanted 
subcutaneousIy. 

HYPOPHYSECTOMY: By A' 

transphenoidal excision or with 
radioacnve +urn may help pain 
from merasraric deporits. The 
mechanism of relief remains 
uncertain; this is not mercIy due to 
turnour rcgrcssion. 

with a hand held clecrrode. This  may 
help deafferentation pain, LC. hrachial 
plexus avulsion, but ipsilateral leg 

/ 

PERCUTANEOUS ANTEROLATERAL 
weakness i s  a major complicarion. 

CORDOTOMY: A percutaneous 
radiofrequency heat lesion of the 
spinothalamic tract now replaces MYELOTOMY: Exposure OF rhe cord 

open cordotomy. This produces pain and division of the decussating pain 
fibres produces pain relief on a 

relief in 90% of patients in the contralateral temporary basis, rcsmcling use to 
limbs. It is usually applicable in malignant paticnts with terminal malignancy. 
states where simple methods of pain control 
have failed. Risks (ipisilateral limb weakness 
and respiratory difficulties) are small. 

I ,' 
I 

1 

DORSAL COLUMN STIMULATION: Stimulation of elec~rodes inserted percutaneously into 
the epidural space may benefit patients with chronic pain, unresponsive to non-invnsive 
tcchniques. A trial with exteriorised electrodes permits evaluation, prior to implanting n 
radiocontrolled stimulator. 

I 



CLINICAL PRESENTATION. ANATOMICAL CONCEPTS AND DlAGNOSTlC APPROACH 

PAIN SYNDROMES 

Pain is nor primarily a pathological phenomenon, but serves a protecrive function. 
Conditions with loss of pain perception exemplify this, resulting in frequent injuries, burns 
and subsequent mutilations, e.g, syringomyelia, hereditary sensory neuropathy , congenital 
insensitivity to pain. 

Pathological conditions do, however, cause pain - as a symptom of cancer, injury or 
other disease. 

The following conditions produce characteristic pain syndromes. 

CAUSALGIA 
Causalgia is an intense, continuous, burning pain produced by an incompIete peripheral 
nerve injury. Touching f i e  limb aggravates the pain, and the patient resents any 
interference or attempt at limb mobilisation. The skin becomes red, warm and swollen. 
Theoretical mechanism 

motor 
Efferent I Mixed peripheral nerve - sensory 

sympathetic \ autonomic 

Afferent ----)'- At the site of damage, efferent sympathetic fibres may 
somatic -:cup to afferent somatic fibres producing a 'short circuitr 

Causalgia only occurs with damage to peripheral nerves conraining a large number of 
sympathetic fibres and responds in part to sympathetic blockade (pharmacological or 
surgical). 

POSTHERPETIC NEURALGIA 
Following activation of a latent infection with varicelIa zoster virus lying dormant in the 
dorsal root or gasserian ganglion, the patient develops a burning, constant pain with severe, 
sharp paroxysmal twinges over the area supplied by the affected sensory neurons. Touch 
exacerbates the pain. Thick myelinated Fibres are preferentially damaged, possibIy opening 
the 'gate'. 
Treatment of posthenpetic neuralgia is particularly difficult. Carbamazepine andlor 
anridepressants may help. Ethylchloride spray over the affected area provides temporary 
relief. Topical capsicin is a promising new treatment. 

THALAMIC PAIN 
Thalamic stimulation may produce or abolish pain depending upon the electrode site. A 
vascular accident which involves the inhibitory portion of the thalamus may result in pain 
- the thalnmic syndrome. 
Clinical features: Hcmianaesthesia at onset contralateral to the lesion precedes the 

.LA --> -Caudate nucleus 

palidus ---7 
Putamen ) 

development of pain. This is burning and diffuse, 
and exacerbated by the touch of clothing. 

Treatment: Drug treatment gives poor results. 
A stereotactic procedure although increasing the 
sensory deficit may heIp. 

Paradoxically the thalarnic syndrome may 
occur following a thalamic stereotactic 
pracedure for movement disorders. 
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PAIN SYNDROMES 

PHANTOM LLMB PAIN 
Following amputation of a limb, 10% of patients 
develop pain with a con~inuous persistent burning 
quality, caused by neuroma formation in the stump. Ld"a . < a  

The patient 'feels~the pain arising from some point I ' 
I : , I 

en the missing limb (the pain input projects through 
t I , 

pathways which retain the topographical image of the !' Topographical 
absent limb). ; I arrangement extends up to 

Treatment: no specific treatment. , I :*---  ' -- the sensory 
cortex 

VISCERAL AND REFERRED PAIN 
Deep visceral pain is dull and boring; it is the consequence of distension or traction on free 
nerve endings. 

Referred pain of a dull quality relates to a specific area of t h e  body surface - often 
hypersensitive to touch. 

The basis of referred pain 
Thc visceral afferents converge upon the same 
cells in the posterior horns as the somatic efferent?,, 
The patient 'projects' pain from the viscera to the area 
supplied by corresponding somatic afferent fibres. 

A knowledge of the source of referred pain i s  
important in diagnosis and treatment. Hollow viscus 

SITES OF REEERRED PAM FROM SPECIFIC ORGANS 



CLINICAL PRESENTATION. ANATOMICAL CONCEPTS AND DIAGNOSTIC APPROACH 

L I M B  RAIN 

Pain may arise from any anatomical structure within the limb. Each produces characteristic 
features: 
8 0 h ~  - diffuse, aching pain BLOOD VESSELS - pain brought on by exertion 

$ palpable mass. (cIaudication), relieved by rest. 

JOINTS - pain localised to affected joint. - pain ar rest in pale, pulseless limb 
- tenderness on palpation. (occIusion). 
- movements restricted and painful. - pain associated with paraesthesia 
- wasting of surrounding muscles and digital pallor (Raynaud's). 

may follow. 

MUSCLES - pain localised ro specific muscle NERVE - pain increased by couhing 

wasting and weakness or by movement 

f palpable mass. associated neurological deficit 

TENDONS - pain localised to swollen, PLEXUS OR PERIPHERAL NERVE- burning pain 
render tendon sheath. $ sweating, cyanosis and 

oedema of extremity, 
$. associated neurological deficit. 

CAUSES OF UPPER LIMB PAIN 

1 Brachial plexus I Nerve root B 
- cervical riblband - cervical spendylosis/disc 

- apical bronchial ca. 
- brachial neuritis 

(neuralgic arnyotrophy) 
- postirradiation damage 

4 - ------- Musde - heart (left arm) 

rheurnatica ' x .  - calcific tendinitis 
- rotator cuff tear 

sarcoma, desmoid -__ -__- - - - - - -  - bursitis 
- rnyositis essificans - osteoarthritis 

- rheumatoid arthritis 
Bone - infective arthritis 
- osteomalacia - tennis elbow (periarticular) 
- turnours - 

_ _ _ + -  +- - - - - -  - thoracic outlet syndrome 
myeloma, metastasis 

- osteomyelitis 

Peripheral nerve 

- acute and chronic 
tenosynovitfs 

I - peripheral r t e ~ & ~ a t h ~  I 
I - carpal tunnel syndrome- ( 
- ulnar nerve entrapment 
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CAUSES OF LOWER LIMB PAIN 

Lumbosacral plexus 
- pelvic malignancy 
- infective - psoas abscess 
- pregnancy I 
Muscle 
- polymyositis 
- polyrnyalgia rheumatica 
- tumours - rhabdomyo- 

sarcoma, desmoid 
- rnyositis ossificans 
- myalgia - metabolic, 

toxic 

Bone 
- osteomalacia 
- tumour: 

benign: osteomalchondroma 
malignant: osteogenic sarcoma 

myeloma 
metastasis 

- osteomyelitis 
- Paget's disease 

e 
_*cd 

a - 
- partial nerve injury 
- peripheral neuropathy 
- meralgia paraesthetica 

Nerve root 

. - disc disease 
- lumbar stenosis 

, - malignant extradural tumour 
- neurafibroma 

ependymomn, dermoid, 
meningioma 

- intermittent claudication 
- venous stasis 
- collagen vascular disease 

- bursitis (knee) 
- osteoarthritis 
- rheumatoid arthritis 
- infective arthritis 

(acute, chronic - f B) 

Meralgia paramthetica: burning, ringling pain Ekhm's syndrome: (svn. re<dess legs 
ovcr the outer aspect of the thigh, increased when syndrome): intolcrablc tingiing, burning 
standing ar by walking, due to a lamlised neuritis of scnsat~on ar pain In both legs, occurring 
the lateral cutaneous nerve of the thigh. A patch of only when sitting or lying down and 
sensory impairment may bc evident over the outer reliwed by walking; no associated 
aspect of tht thigh. neumlogial ahnomality. 

Investiaation of limb pain depends on the suspected cause and may include straight 
X-rays, CTscan, MRI, nerve conduction studies and EMG. 



CLINICAL PRESENTATION, ANATOMICAL CONCEPTS AND DIAGNOSTIC APPROACH 

MUSCLE PAIN (MYALGlA) 

Muscle pain is a common medical complaint. There are many causes and clinical 
evaluation and appropriate investigation is often diffacult. The physiological mechanisms 
producing such a symptom are limited. 
Mechanical pain results from excessive muscle tension or contraction and is "ramp like' 
Inflammatory pain results from disruption of muscle fibres, inflammatory exudate and 
fibre swelling 
Tschaemic pain results from metabolic change, usually in response to exercise and is deep 
and aching. 
Muscle pain may be physiological - as a consequence of extreme exercise or pathological - 
as a consequence of muscle, soft tissue or systemic illness. 

DIAGNOSTIC APPROACH TO MUSCLE PAIN 
History 
IS muscle pain - present at rest? - Polymyalgia rheurnatica 

- Fibromyalgia 
- Parkinson's disease 
- Collagen vascular disease 

present with exercise? - Physiological 
- Metabolic myopathies 
- Benign myalgic encephalomyelitis (ME) 

localised? - Muscle haematoma, abscess, 
turnour or fibromyalgia 

generalised? - Polymyalgia rheumatics 
- Parkinson's disease 
- Metabolic myopathies 
- Inflammatory myopathies 
- Renign myalgic encephaIomyeIitis (ME) 

family history? - MetaboIic myoparhies 
exposure TO toxins? - Drug induced myopathies 

- Alcoholic rnyopathy 
Examination 
Is there - wasting/wealmess? - Inflammatory myopathies 

- Metabolic myopathies 
- Drug induced myopathies 
- Alcoholic myapathy 

skin rash? - Inflammatory myopathy (dematomyosiris) 
- Collagen vascular disease 

stiffness or spasms? - Tetanus 
- Tetany 
- Spasticity 
- Neuroleptic malignant syndrome 
- Malignant hyperthermia 

muscle swelling? - Muscle abscess, turnour 
- Meraholic myopathy 



CLINICAL PRESENTATION. ANATOMICAL CONCEPTS AND DlAGNOSTlC APPROACH 

MUSCLE PAIN [MYALGIA} 

DIAGNOSTIC APPROACH TO MUSCLE PAIN (continued) 

Investigations 
Serum creatine kinase (muscle enzyme) 
- elevated in muscle necrosis, high levels 

result in rnyoglobinuria 

I m a ~ i n ~  (occasionally used) 
UItrasound, MR or CT in suspected 

muscl~ hatmatoma, 
abscess or turnour. 

Radionuclide (GaIlium or in suspected 
muscle abscess, Technitium) 

Elecrromyograpaphy (EMG) 
Will confirm presence of myopathy 
(rarely more specific) 

Muscle biopsy (needle or open) 
Essential in diagnosis of 

- inflammatory rnyopathies 
- metabolic rnyopathies 

Helpful in collagen vascular 
disease 

Ischaemic lactate test 
Measurement of post exercise 
changes in serum lactate 
Reduced response in - metabolic 
myopathies (disorders of 
gtycolytic pathway) 

Following extensive investigation, in a signife'canr number of cases no cause of myalgia is found. 

Most disorders are covered in relevant sections. Those that are not are briefly described. 

Fjbrom yalgia Polym yalgia Rheumatics 
A common condition of uncertain pathology in Proximal muscle pain encountered in the 
which generalised muscle pain with localised elderly and often associated with giant 
tender areas occurs without objective clinical or cell arteritis. The ESR is elevated and the 
laboratory abnormalities, Fsychiatrfc symptoms EMG is normal. Muscle biopsy shows 
camrnonly co-exist. type 2 fibre loss. Steroids are effective. 

Malignant h yperp yrexia 
Characterised by a sudden rise in body 
temperature whilst undergoing general 
anaesthesia, usually with halothane or 
succinylcholine. Certain hereditary myopathic 
disorders. e.g. rnyotonic dystrophy, central core 
disease - are unduly prone to this condition. 

Muscle abscess 
Commonly Staphylococcat due to local 
trauma or blood-borne in debilitated 
persons. 

Muscle turnours 
These are rare. Mixed pathologically and 
of varying degrees of malignancy 

Benign myalgic encephatom yelitis (ME) 
Characterised by exercise induced 
muscle pain. A puzzling disorder often 
occurring after viral illness, associated 
with fatigue, without clear diagnostic 
criteria and merging wjth depressive 
symptoms. 
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OUTCOME AFTER BRAIN DAMAGE 

Outcome after brain damage has major social and financial implications for both patients 
and their families. In a welfare state, society may carry most, if not all of the financial 
burden, particularly with more severe disability. The  greater the disability, the greateT the 
support required. Conditions causing brain damage do not respect age; survivors may need 
long-term care. 
R variety of methods have been devised to categorise outcome. Such classifications 

provide end-points for audit and research, and a means of assessing therapeutic 
intervention. They permit predictions based on clinical and investigative findings early in 
the course of the disease. Most outcome scales have been developed with a particular 
disease in mind (e.g. BartellRankin - stroke, Karnafsky - turnour). In 1975 Jemm and 
Bond developed the Glasgow Outcome Scale (GOS) for the assessment of head injured 
patients, and this is now widely applied in the assessment of patients with other causes of 
brain damage. 

The Glasgow Outcome Scale Five categories exist - 
1. Death 
2. Persistent Vegetative Stare - see below. 
3. Severe Disability - dependenr for some support in every 24 hour period. 
4. Moderate Disability - independent but disabled. May or may not be capable 

of return to work. 
5. Good recovery - good, but not necessarily completc recovery. e.g. cranial 

nerve deficit. Could (although may not) return to work. 

The Vegetative State 
Severe bilateral hemisphere damage may result in a state in which the patient has nn 
awareness of themselves or of their environment. Although periods of eye opcning and 
c~osuse may occur suggesting sl~ep/wake cycles, along with spontaneous movcmcnts of 
the face, trunk and limbs, thc patient does not communicatc or interact with others in 
any way. 
The vegetative state becorncs 'permanent' when irreversibility can be cstablishcd with a 

high degrcc of certainty, i.e. > 6 months after non-traumatic coma and > 12 months after 
traumatic coma. At one month after frauma, about ' / I  of patients in the vegetative state 
will show some improvement over the subsequent year. After non-traumatic coma, nutcome 
is much worse; only about 7% show some improvcment and have sevcre disability. 

Outcome Prediction 
Outcome from non-traumatic coma depends on a variety of factors including the 
patient's afe, the duration and depth of the coma, and the cause of the damage provided this 
is not drug induced. 

Cause Jnfeaive metabolic 
H m x i c  - ischaernic 
Cerebrovascular 

Duration > 6 hours 

Poor outcome Favourable outcome 
(GO§ 1-3) (GOS 4-51 

65 % 35'120 
90% 10% 
95% 5 %  
8!i"Jo 15% 

Depth Absent pupillaw response at 24 hours I 001% 
Speaking, eye movements and reactive pupils at  2 hours 0% 

210 Outcome from traumatic coma see page 85 
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BRAIN DEATH 

The advent of improved intensive care facilities and more aggressive resuscitation 
techniques has led to an increase in numbers of patients with irreversible brain damage in 
which tissue oxygenation is maintained by a persistent heart beat and artificial ventilation. 

A government working party has published guidelines for the diagnosis of brain death 
which, when fulfilled, indicate that recovery is impossible. In  these patients, organs may be 
removed for transplantation before discontinuing ventilation. 

The  tests are designed to detect failure of brain stem function, but certain preconditions 
must first be met. 

Preconditions 
Depressant drugs must not contribute towards the patient's clinical state - if in doubt 

allow an adequate time interval to elapse te eliminate any possible persistent effect. 
Hypothermia must not be a primary cause - ensure that temperature is not less than 35 "C. 
Severe metabolic or endncrllle disturbance must be excluded as a possible cause of the 

patient's condition. 
The patient must be on a ventilator as a result of inadequate spontaneous respiration or 

respiratory arrest - if a neuromuscular blocking drug has been used, exclude a prolonged 
effcct by observing a muscle twitch on nerve stimulation, e.g. electrical stimulation of t h e  
median nerve should cause a thumb twitch. 

The  cause of the patient's condition must be established and this must be compatible 
with irreversible brain damage, c.g. severe head injury, spontaneous inzracerebral 
haematoma. If ?in doubt, delay brain death testing. 

BRAIN DEATH TESTS 
CORNEALREFLEX 

@'I No pupil reaction to light. No orbicularis oculi contraction in response 
to corneal stimulation. 

N.B. Ensure light intensity is adequate. 

VESTIBULO-OCULAR GAG REFLEX 
REFLEX NO eye movements Suction 

occur when 50 ml of iced tube 
water are slowly injected 
into the external meams. 
(Ensure that the cxtcrnal 
meatus is not occluded with 
wax or blood.) In  coma with Bronchial 

preserved brain stem function, stimulation 
the eyes tonically deviate rawards (with a suction 

the testcd ear after a delay of 20 
seconds. producc a 
Maximal response is obtained with 'cough* rmponsc. 
the head raised 30" from the horizontal. 
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BRAIN DEATH 

MOTOR RESPONSE N.B. Limb responses are of no value 
No motor response in the $,&- in testing brain stem integrity. 
face or in the musclcs Movements can occur in response to 
supplied by cranial netves > -_sr  

in response to a painful - , __+_,--.; , 
limb or trunk stimulation (especially 

stimulus, t.g. supraorbital -_--J'- q .  in the legs), and tendon reflexes may 
pain. /' ' ". persist in a patient with brain stem 

death but intact cord function. 
Conversely, limb movements and 
reflexes may be absent in a patient 
with an intact brain stem and spinal 
cord damage. 

RESPIKATORY MOVEMENTS 

N o  respiratory movements are observed when the patient is disconnected from the 
ventilator. During this test, anoxia is prevented by passing 6 litres O2 per minute down the 
endotracheal tube. This should maintain adequate PO2 levels for up to 10 minutes. 
N.B. Ensure that apnoea is not a result of a low P C 0 2 .  This should be greater than 6.65 
kPa (50 rnmHg). 

Clinician's status 
The British recommendations state that these tesrs should be carried out by two doctors, 
both wirh expertise in the field; one of consultant status, the other of consultant or senior 
specialist registrar status. The doctors may carry out the tests individually or together. 

Teat repetition and timing 
The test should be repeated but h e  interval shouId be left to rhe discretion of the 
clinician. The initial test may be performed within a few hours of the causal event, but in 
most instances Is delayed for 12-24 hours, or longer if there is any doubr about the 
preconditions. 

Timing of death 
Certification of dearh occurs when brain death. is established, i.e. at the time of t h e  second 
rest. Old concepts of death occurring at the time the heart ceases to beat are no longer 
applicable. 

Supplementary investigations 
Electroencephalography (EEG) is of no value in diagnosing brain death. Some patients 
with the potential to recover show a 'flat-race; in others with irreversibFe brain stem 
damage, electrical activity can occasionally be recorded from rhe scalp electrodes. 

Similarly, angiography or cerebral blood flow measurement are of no additional value to 
the clinical tests described above, provided the preconditions are fulfilled. 
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LOCALtSED NEUROLOGICAL DISEASE AND ITS MANAGEMENT A INTRACRANIAL 

HEAD INJURY 

NIXODUCTION 
Many patients attend accident and emergency departments with head injury. 
Approximately 300 per 100 000 of the population per year require hospital admission; of 
these 9 per 100 000 die, i.e. 5000 patients per year in Britain. Some of these deaths are 
inevitable, some are potentially preventable. 

The principal causes of head iniury include road traffic accidents, falls, assaults and 
injuries occurring at work, in the home and during sports. The relative frequency of each 
cause varies between different age groups and from place to place throughout the country. 

Head injuries from road traffic accidents are most common in young males; alcohol is 
frequently involved. Road traffic accidents, although only constituting about 25% of all 
patients with head injury, are the cause of more serious injuries. This cause contributes to 
60% of the deaths from head injury; of these, half die before reaching hospital. 

In many countries preventative and punitative measures controlling alcohoI levels and 
the use of seat belts, air bags and crash helmets have reduced the incidence. Once a head 
injury has occurred, nothing can aIter the impact damage. The aim of head injury 
management is to minimise damage arising from secondary complications. 

PATHOLOGY 
Brain damagc occurs both at impact and as a result of the deveIopment of secondary 
complications. 

IMPACT DAMAGE is of two types, which may coexist: 
1. Cortical contusions and lacerations 
These may occur under or opposite (conare-coup) the 
site of impact, but most commonly involve the frontal 
and temporal lobes. Contusions are usually multiple 
and may occur bilaterally. Multiple contusions do not 
in themselves contribute to depression of conscious 
level, but this may arise when bleeding into the 
contusions produces a space-occupying haematoma. 

2. Diffuse axonal injury 
This type of brain damage occurs as a result of Corpus 

mechanical shearing fallowing deceleration, causing 
disruption and rearing of axons. Depending on the 
severity of injury its immediate effects range from mild 
confusion to coma and even death. Recent studies 
show that the full extent of the axonal damage takes . - .-. some time to evolve. 

,, Superior 
cerebellar 
peduncle 

J 

The macrosopic appearance may appear entirely normal but in 
.> some patients pathological sections reveal small haemorrhagic 

tears, particularly in the corpus callosum or in the superior I 

214 cerebellar peduncle. I 
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HEAD INJURY 

Diffuse axonal injury (cantd) 
Microscopic evidence of neuronal damage depends on the duration of survival and on the 
severity of the injury. Afrer a few days, retraction balls and mlcroglial clusters are seen in 
the white matter. 

, & L , *  r .+-. Retraction 'balls reflect axonal . . . Microgrial clusters (hyper- 
' I  - -- 
. my*, Ifp: t::l.,%e damage. Note only axons in . . -i$:+:,7: - trophied microglia) are 

I<* r T h 2 r +  one plane are involved, -.. . . ;./;'' found diffusely throughout : ,,%#;'..".,, , : L indicating the direction of the '- .,, ' - . .  ,- 13 , the white matter 
n # # , * l ~  'shear' . . 

If the patient survives 5 weeks or more after injury then appropriate staining 
demonstrates Wallerian degeneration of the long rracts and white matter of the cerebral 
hemispheres. Even a minor injury causing a transient Ioss of consciousness produces some 
neuronal damage. Since neuronal regeneration is limited, the effects of repeated minor 
injury are cumulative. 
SECONDARY BRAIN DAMAGE: may occur at any time after the initial impact. Impact 
damage is unavoidable, but secendasy brain damage caused by haematoma, brain swelling, 
brain shift, ischemia and infection may be preventable and this must he the aim of head 
injury management. 

rncidence of hamatoma: 
Extradural - 2 7 % ~  
Inrradural: 
Purc subdural - 26% 
intracerebrat. 
Isuhdural - 38% 
Extra- + Inmadural - 8% 

1. Intracranial haematoma 
Intracranial bleeding may occur either outside 
(extradural) or within the dura (intradural). 

Intradural lesions ustlalIy consist of a mixture of both 
subdural and intracerebral haematomas although pure subdurals 
occur in a proportion. Brain damage is caused directly or 
indirectly as a result of tentorial or tonsillar herniation. 

Extraduraf 
A sku11 fracture teasing the middle rneningeaI vessels 
bleeds into the extradural space. T 
the temporal Qr ternporoparjetal 
region. Occasionally 
extradural haematomas are 
caused by a ruptured sagittal 
or transverse sinus. 

Intracerebral f subdural (burst lobe) 
Contusions in t h e  frontal and temporal lobes often lead to 
bleeding into the brain substmcc, usually associated with an 
overlying subdural haemaaoma. 

'Burst lobe' is a term aorne- 
times used to describe the 
appearance of inrracerebral 
haematoma mixed with 
necrotic brain tissue, -- 
rupturing out into the 
subdural space. 

In some patients impact may 
rupture bridging veins from 
the cortical surface to the 
venous sinuses producing a 
pure subdural haematoma 
with no evidence of 
underlying cortical contusion 
or laceration. 2 15 
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HEAD INJURY 

SECONDARY BRAIN DAMAGE (contd) 

2. Cerebral swelling Vasodilatation 
This may occur with or without intracranial 
haematoma. It results from either vascular engorgement 

Cerebral 
/ swelling 

or an increase in extra- or intracelIuIar fluid, the exact Oedema 
causative mechanisms in different injmics remaining 
unknown. 

3. Tentorialltonsillar herniation (syn. 'cone') 
It is unlikely that high intracranial pressure 
alone directly damages neuronal tissue, but 
brain damage occurs as a result of tonsillar or 
tentorial herniation (see page 77). A 
progressive increase in intracranial pressure 
due to a supratentorial haernatoma initially 
produces midline shift. Herniation of the 
medial temporal lobe through the rentorial 
hiatus follows (lareral tentorid Izertzikon), 
causing midbrain compression and damage, 
Uncontrolled lateral tentorial herniation or 
diffuse bilateral hemispheric swelling will 
result in cenrral tentorial herniation. 
Herniation of the cerebellar tonsils through 
the foramen magnum (tonsillar herniation) 
and consequent lower brainstem compression 
may follow central centorial herniation or 
may result from the infrequently occurring 
traumatic posterior fossa haematoma. 

herniation herniation 

4. Cerebral ischaemia 
Cerebral ischaemia comrnon1y occurs after severe head 
injury and Is caused by either hypaxia or impaired Hypotension T Intracrmial 

cerebral perfusion. In the normal subject, a fall in blood 
pressure does not produce a drop in cerebral pefis ion 
since 'auto-regulation' results in cerebral vasodilatation. 

\ / pressure 
/Cerebral perfusion 

After head injury, however, autoregulation is often 
defective and hypotension may have more drastic 
effects. Glutamate excess and free radical accumulation Hypoxia - Cerebral 

may aIso contribute to neuronal damage (see page 241). ischaernia 

5. Infection 
Compound depressed 

/ 
Meningitis 

fracture ~ u r a l  teas 
/ 3 

\h 
Basal fracture 1 Cerebral abscess 

The presence of a dusal tear provides a potential route for infection. This seldom occurs 
216 within 48 hours of injury. Meningitis may develop after several months or yeats. 
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HEAD INJURY - CLINICAL ASSESSMENT 

MWLTWLE INJURY - PRIORI'TIES OF ASSESSMENT 
Patients admitted in coma with multipIe injuries require urgent care and the clinician must 
be aware of the priorities of assessment and management. 

Airway Breathing 

Check for obstruction and use Administer oxygen and check respiratory 
orophqngeal airway or endotracheal tube. - movements are adequate; if not, ventilate. 

Chest/abdomhal injury 
+ 

Circulation 

Examine chest for possible flail segment - Check pulse and blood pressure. If 
or haerno/pneumothorax. Examine patient is hypotensive, replace blood loss 
abdomen for possible bleeding; if in with plasma substitute followed by whole 
doubt, use peritoneal lavage. (X-ray blood when available. 
chest and abdomen). 

f 
Head f spinal injury Limb injury 

Assess conscious level and focal signs. -c Examine limbs for lacerations and 
Consider possibility of spinat injury. fractures. (X-ray.) 
(X-ray skull and spine, CT scan). 

When intracranial haematoma is suspected, a CT scan is essential, especially before 
clinical signs are masked by a general anaesthetic required for the management of limb or 
abdominal injuries. However, if difficulty occurs in maintaining blood pressure, then 
urgent laparotomy or thoracotomy would take precedence over further investigation of a 
possible intracranial haematoma. 

HEAD INJURY - ASSESSMENT 
Some patients may describe the events leading to and following head injury, bur often the 
doctor depends on descriptions from witnesses. 

Points to determine: 
Pe~iod of loss of consciousness: Relates to severity of diffuse brain damage and may range 

from a few seconds to several weeks. 
Period of post-traumatic ornnesia: This is the period of permanent amnesia occurring after 

head injury. It also reflects the severity of damage and in severe injuries may last several 
weeks. (Period of retrograde amnesia, i.e. amnesia for events before the injury is of less 
value since it bears no relation to the severity of injury and may improve with time). 

Cause and circumstances of the injury: The patient may collapse, or crash his vehicle as a 
result of some preceding intracranial event, e.g. subarachnoid hemorrhage or epileptic 
seizure. T h e  more 'violent' the injury, the greater the risk of associated extracranial 
injuries. 
Presence of headache and vomiritr~: These are common symptoms after head injury. If they 
persist, the possibility of intracranial haematorna must be considered. 
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HEAD INJURY - CLINICAL ASSESSMENT 

EXAMINATION 

1 
LACERATIONS 
GRAZINGIBRUISING 

, Eye opening 
3 ~ O N S C I O U S  LEVEL 1 - Verbal response 

\ Motor response 

2 I BASAL FRACTURE SIGNS] 5 ]LIMB  WEAKNESS^ 6 [EYE MOVEMENTS I 
1. Lacerations and bruising 
The presence of these features confirms the occurrence of a head injury, but traumatic 
intracranial hamatoma can occur in patients with no external evidence of injury. 

Beware of falling into the trap of diagnosing 
a depressed fracture when only scalp 
haematoma is present. 

Soft fluctuant 
I centre '-,,- 

I 
Firm 

Always explore deep lacerations with rim 

a glovcd finger for evidence of a - N 

. +- - --.**;: depressed fracture. - - 
Consider the possibility of a hyperextension injury to the cervical spine if frontal 

laceration or bruising is present. 

2. Basal skull fracture 

Clinical features indicate the presence of a basal skull fracture which may not be evident 
on routine skull X-ray or even on specific views of the skull base. If present, a potential 
route of infection exists with the concomitant risk of meningitis. 

ANTERIOR FOSSA FRACTURE 
CSF rhinorrhaea Bilateral periorbilal Subconjunctiva7 haesnorrhage 

If the nasal discharge contains Bruising limited to the Bruising under conjunctiva 
glucose, then the fluid is CSF orbital margins indicates extending to posterior limits 
rather than mucin. blood tracking from of the scIera indicates blood 

2 18 behind. tracking from orbital cavity. 
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MEAD INJURY - CLINICAL ASSESSMENT 

Basal sku11 fracture (contd) 
PETROUS FRACTURE 

Bleeding fram the external auditory rneatrix or CSF otorrhoea: 

N, Blood or CSF leaking through a tarn tympanic 
, fp  membrane must be differentiated from a laceration of 

0 

b' the external meatus. 

Bart less s i ~ n :  
Bruising over the masloid %. . 
may take 24-48 hours ro devele6.'-., -. 

3. Conscious level 
Assess patient's conscious level in terms of eye opening, verbal and motor response on 
admissinn (see page 5 )  and record at reelar intervals thereafter. An observation chart 
incorporating these features is essential and dearly shows the trend in the patient's 
condition. Det.terioration in conscious level indicates the need for immediate investigation 
and action where appropriate. 

INSTITUTE OF NEUROLOGICAL SCIENCES. GLASGOW lien In 

RECORD No. 

Ih. h b l  nm 

Reproduced by permission of the Nursing Xmes 
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- 

HEAD INJURY - CLINICAL ASSESSMENT 

4. Pupil response 
The I~ght reflex (page 138) tests optic (11) and oculomotor (111) nerve function. Although 
11 nerve dysfunction after head injury is imporrant to record and may result in permanent 
visual impairment, it is the 111 nerve function which is the most useful indic~tor of an 
expanding intracrmial lesion. Herniation of the media! temporal lobe through the tentorial 
hiatus directly damages the 111 nerve resulting in pupil dilatation with impaired or absent 
reaction to light. The pupil &/ares an !he side of the expand in^ lesion and is an important 
localising sign. With a further increase in intracranial pressure, bilateral I11 nerve palsies 
may Occur. Space-occupying 

a Ill nerve palsy 

Posterior communicating 

" Carotid arteries 

5. Limb weakness 
Determine limb weakness by comparing pyramidal 

the response in each limb to painful tracts '-=: 
stimuli (page 30). Hemiparesis or 
hernipfegia usually occurs in the limbs 
contralateral to the side of the lesion 
but may also occur in the ipsilatcral 
limbs. This is due to indentation of the 
contralateral cerebral peduncle by the 
edge of the tenroriurn cerebelli Decussation - "'--- 
(Kernohan's notch). Limb deficits arc 
therefore of limited value in IocaIising 
the site of the lesion. 
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HEAD INJURY - CLINICAL ASSESSMENT 

6. Eye movements 
Evaluation of eye movements docs not help in immediate management, but provides a 
useful prognostic guide. 

Eye movements may occur spontaneously, or can be elicited reflexly (page 30) by head 
rotation (oculocephalic reflex) or by caloric stimulation (oculovestibuiar reflex). 

SPONTANEOUS OCULOCEPHALIC OCULOVESllBULAR REFLEX 

(Doll's eye) 
REFLEX 

corrective 
phase {often absent in the 
comatose patient) 

Abnormal eye movements may result from: brainstem dysfunction, damage to the nerves 
supplying the extraocular muscles or damage to the vestibular apparatus. Absent eye 
movements relate ro low levels of responsiveness and indicate a gloomy prognosis. 

Vital signs 
At the beginning of t h e  century, the eminent newosurgeon Harvey Cushing noted that a 
rise in intracranial pressure led to a rise in blood pressure and a fall in pulse rate and 
produced abnormal respiratory patterns. In the past, much emphasis has been placed on 
close observation of these vital signs in patients with head injury. These changes, however, 
may not occur and when present are usually preceded by deterioration in conscjous level. 
This last observation is therefore more relevant. 

Cranial nerve lesions 
Basal skull fracture or extracranial injury can result in damage to the cranial nerves. 
Evidence of this damage must be recorded but, with the exception of a I11 nerve lesion, 
does not usually help immediate management. Full cranial nerve examination is difficult in 
the comatose paticnt and this can await patient co-operation. 

Clinical as.fessmenr cannot reliably distinfzrish the type or even the site of ifirracranial 
haematma, bur is invaluablt! in indicating the need for further investigation and in providing a 
baseline a~ainsr which any chan~e can be compared. 
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HEAD INJURY - INVESTIGATION AND ADMISSION CRITERIA 

1IN THE ACCIDENT AND EMERGENCY DEPARTMENT 

X-ray the skull if: - conscious level is impaired at the time of examination or if t h e  
(pIus cervical spine, patient has lost consciausn~ss at any time since the injury 
chest, abdomen, peIvis - neurological symptoms or signs are present 
and limbs if required) - CSF leak from the nose (rhinorxhoea) or ear (otorrhoea) 

- penetrating injury is suspect 
- significant scalp bruising or swelling 
- patient assessment is difficult (e.g, aIcohol intoxication). 

LATERAL 

POSTERO-ANTERIOR 
Note fluid 

dural tear] f level in 

Note 'double 

Fluid level of depressed # 
in sphenoid on other view 
sinus (basal #I 'b, $ .' 

'Brow up' 
positioning for the meningeal grooves with 
lateral view aids identification subsequent risk of 
of intracranial air Ipneumocele) edradural haematomal 
and fluid levels in the sphenoid 
sinus 

is occasionally 

indicating 
the presence 

A Towne's view is of a mass 
essential, otherwise - (but beware, 
occipital # will be missed a rotated film 

', is misleading) 

Risk of intracranial haematoma (requiring removal) in 
adults attending A & E departments after head iniury. 
No skull # - orientated 1 in hWO 
No skulI # - not orientated 1 in 120 
Skull # - orientated 1 in 32 
Skull # - not oricnmted 1 in 4 

Adapred with permission Mendelow et a1 1983 ii: 1173-1 176 
British Medical Journal 



HEAD INJURY - INVESTIGATION AND ADMISSION CRITERIA 

ADMIT patients a t  risk of developing secondary complications e.g. 

n 
- a depressed conscious level 

(including confusion) 
- focal neurological signs 
- a skull fracture (base or 

vault) 

- transitory loss of 
consciousness or 
post-traumatic amnesia if 
unsupervised at home. 

IF IN DOUBT, ADMIT. 

(na eyc opening, 
no speech, not 
obeying commands) 1 

Transfer to the neurosurgical unit 
Prior to the transfer, ensure that resuscitation is complete, and that more immediate 
problems have been dealt with (see page 217). Insert an oropharyngeal airway. Intubate 
and ventilate if the patient is in coma or if the blood gases are inadequate (PO-, < (kPa on 
air, 13kPa on O2 or COz > 6kPa). If the patient's conscious level is deteriorating, an 
intravenous boIus infusion of 100 rnl of 20% mannitol should 'buy time' by temporarily 
reducing the intracranial pressure. 

i 
observe 24 hours 

No CT immediately available CT scan directly available ---- ----- 
r ~ a t i e n t s  with: 

NOTE: for comatose patients with an unstable systemic state from multiple injuries, a 
negative CT scan in the local hospital may avoid a dangerous rransfer to the neurosurgical 
unit. 223 

1 negative positive 

Neurosurgical 

I 
I 

1 I 

I 
I , 
1 
I 

Patients with: 
I 

I - Persistent confusion or focal signs of 
> 8 hours duration 

- Compound depressed skull # (refer 

I 
I within 12 hours) Neurosur~ical 

- Persistent CSF leak of > 7 days 
I referral I duration. 

- Skull # with confusion, n e u r o l o g i c a 7  
symptoms or signs, or epilepsy. 

- Coma (with or without skull #), i.c. 
notobeyingcommands,noeye 
opening, no speech 

- Deterioration in level of consciourncss 
(e.g. confused verbal response 
n o  verbal response). 
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1 

HEAD INJURY - INVESTIGATION 

CT scan in head injury 
Scans must emend from che posterior fossa to the vertex, otherwise haematomas in these 
sires will be missed. 

E X T M U R A L  haematoma - - >\ 

area of increased density, I \, Midline shift with compression 
convex inwards. I of ipsilateral ventricle 
Spread limited by dural 
adhesion to skull 

SURDURAL haematoma - area of increased fm The contralateral ventricle 
density spreading around surface of cerebral often dilates due to 
hemisphere. Subdural haematomas become , obstruction at the foramen 
isodense with brain 10-20 days following injury I of Munro 
and hypodense thereafter. 

overlying 

INTRACERERRAL haematoma - 'BCTST subdural 
haematoma f"i 1 

LOBE" & subdural haernatoma) - appears 1 

as an irregular area of increased density 's 

i 'Burst' - 
(blood clot) surrounded by area of Iaw temporal .,) 

density (oedematous brain). lobe s </ 

Whether a haematoma is present or not, look at the basal cisserns. 

NORMAL Obliteration of one 
or both cisterns 
indicates raised 

Chiasmatic intracranial 

cistern pressure with brain 
shift from an expanding 'f 

\, .-t- ' 
/' 

mass or hemispheric 
swefling 

With diffussa shearing irzjuries, small haernatomas may be seen on CT scan scattered 
throughout the white matter, particularly in the corpus caFFosurn or in the superior 
cerebflIar peduncle. 

If Izydrocephalus is present on the upper scan cuts, look carefully for a haematema 
(exmadural, subdural or intracesebral) in the posterior fossa, compressing and obstructing 
the 4th ventricle. 

In the absence of C T  scanning, ANGIOGRAPHY shows displaccmmt of vessels and gives a useful guide to 
thc haematoma site. Failing t h i s ,  bilateral burr holes are placed in frontal, tcmporal and parietal sites; even in 
cxpmmced hands, however, this exploratory approach will miss 30% of intraccanial haematomas, 

Further investigation may be required to excIude other coincidental or conuibutory 
causes of the head injury, e.g, drugs, alcohol, posticral state, encephalitis (Cause of coma, 

224 see page 82). 
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HEAD INJURY - MANAGEMENT 

Management aims at preventing the development of secondary brain damage from 
inrracranial haernatoma, ischaemia, raised intracranial pressurc with tentaria1 or tonsillar 
herniation and infecrion. 

- Ensure the airway is parent and that blood axyfenarian is adequate. lattibarion is advisable 
in patients 'flexing to pains or worse. Ventilaasion may be required if respiratory 
movements are depressed or lung function is impaired, e.g. 'flail' sement,  aspiration 
pneumonia, pulmonary contusion or fat emboli. Hypoxia can cause direct cerebral 
damage, but in addition causes vasodiIatation resulting in an increase in cerebral blood 
volume with subsequent rise in PCP. 

- A space-occupj~ing Haematoma requires u g e n r  evacuation (see over). If the patient's 
conscious level is deteriorating, give an initial or repeat i.v. bolus of mannitol (100 ml of 
2On/~). Coagulation should be checked and any deficits corrected. 

- Scalp Iacerarions require cleaning, inspection ro exclude an underlying depressed fracture 
and suturing. 

- Correct hypovolaemio following blood loss - but avoid fluid overIoad as this may 
aggravate cerebral oedema. In aduIts, 2 Iitres(day of fluid is sufficient. Commence 
nasogastric fluids or oral fluids whm feasible. 

- AnticortvuIsanrs (e.g. phenytain) must be given intravenously if seizures occur; further 
seizures and in particular status epilepticus significantly increase the risk of cerebral 
anoxia. 

- Monitov inrracranial pressure (ICP), blood pressure and cerebral perfusion pressure (CPP) 
in seIectcd patients with diffuse swelling or after evacuation of an intracranial haematoma. 
Maintain CPP either by  raising blood pressure or by treating raised intracrania1 pressure 
(see below). 

- Brain prorecrizre agents incIude free radical scavengers, calcium channel bIockers and 
glutamate antagonists. Experimental evidence In animal studies has revealed encouraging 
results and the evolution of axonal damage after a diffuse shearing injury may provide a 
window of opportunity for treatment. Studies in head injured patients await completion. 
(Steroids; it is now wcII established that steroids, even in megadosage, are of no benefit in 
the management of the head injured patient). 

- Operarive repair of a dural defect is required if the CSF leaf persists for more than 7 
days, (Many still use psophylactic antibiorics in patients with a CSF leak, but there is no 
conclusive evidence of their efficacy and they may do more harm than good by 
encouraging the growth of resistant organisms.) The  development of meningitis requires 
prompt treatment with an empirical antibiotic. 
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HEAD INJURY - MANAGEMENT 

r n A C R A N L 4 L  HAEMATOMA 
Most intracranial haematomas require urgent evacuation - evident from the patient's 
clinical state combined with the CT scan appearance of a space-occupying mass. 

Extradnral haematoma Scalp flap 
Using the CT scan thc position of the 

Bone flap overlying extradurat haematoma is accurately I 

delineated and a 'horse shoe' craniotorny e*"dura' haemotOma .. 
flap is turned over this area, allowing 
complete evacuation of the haematoma. 
For low temporal extradural haematomas, 
a 'question mark' flap may be more i 
suitable. If patient deterioration is rapid, a I 

\ :t , I burr hole and craniectomy positioned 
centrally over the haernatoma may provide 
temporary relief, but this seldom provides 
adequate decompression. 

1 
Subduraljintracerebral haematoma 
('burst lobe') 
Subdural and intracerebral haematomas Scalp flap 

.. 
usually arise from lacerations on t h e  
under-surface of the frontal andlor both frontal and 
temporal lobes. Again rhe CT scan is 
usefuI in demonstrating the exact site. A lobes 
'question mark' flap permits good access 
to both frontal and temporal 'burst' lobes. 
The subdural collection is evacuated and 
any underlying intracerebral haemacorna is 
removed along with necrotic brain. I " 

i N.R. Rurr holes are insufficient to 
evacuate an acure subdural hamatoma or 3 
to deal with any underlying cortical 
damage. - 

Conservative management of traumatic intracranial haematomas 
Not a11 patients with traumatic intracranial haematomas deteriorate. In some, the 
haematomas are small and clearly do not require evacuation. In others, however, the 
decision to operate or nor proves difficult, e.g. the CT scan may reveal a moderate-sized 
haematorna with minimal or no mass effect in a conscious but confused patient. 

If conservative management is adopted, careful observation in a neurosurgicaf unit is 
essential. A n y  Qcrerioration indicates the need for immediate operation. In this group of 
patients, intracranial pressure monitoring may serve as a useful guide. An intracrania1 
pressure of 30 mmHg or more suggests that haematoma evacuation is required as the 
likelihood of subsequent deterioration with continued conservative management would be 

226 high. 
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HEAD INJURY - MANAGEMENT 

THE MAINTENANCE OF CEREBRAL PERFUSION PRESSURE (CPP) 
Until recently, too much emphasis was placed on the treatment of raised intracranial 
pressure (ICP) rather &an on the maintenance of the cerebral perfusion pressure (CPP = 

mean BP - ICP). Raised ICP in the absence of any easily treatable condition (e.g. 
intracranial haematoma or raised PC02)  requires careful management. The various 
rechniques used to lower ICP have already been described (pages 79-80) but these must 
not be applied indiscriminately. 

Studies have failed to confirm that active treatment of raised ICP following head injury 
improves outcome. Failure to show benefit from ICP treament in the past may have 
resulted from a 'blind' use of hyperventilation. T h e  vasoconstriction produced by lowering 
the PC02 reduces ICP by reducing intracranial blood valume. But vasoconstriction may 
reduce cerebral blood flow to ischaemic levels. Only prior measurement of the amount of 
0, taken up by the brain (arteriovenous oxygen difference (AVD02)) indicates whether or 
not neurones can withstand a further reduction in O2 supply (caused by the 
vasoconstriction). Provided nrrerial O2 saturation remains constant, then the j w i l a r  bulb O2 
saturation (i.e. O2 saturation of the venous ourflow of the brain (SJv02)) can provide this 

I guide. Low S JvOz is a contraindication to hyperventilation (see page 80). 
Recent studies show that the number of 'insults

y 

(high ICP, low BP or CPP), sustained 
I by patients in the first few days after head injury, adversely affect outcome and su,ygcest 

lhar the CPP is the most impwranr factor; this should be maintained at more than 
70 mmHg. 
Patient selection for ICP monitoring: Monitoring ICP and CPP is most relevant in 
patients with a flexion response or worse to painful stimuli (a response of 'localising to 
pain' signifies a milder degree of injury and spontaneous recovery is likely). Such patients 
may have already undergone removaI of an intracraniat haematoma or may have had no 
mass lesion on CT scan (i.e. diffuse injury or contosionaI damage). Each neurosurgical unit 
is likely to have its own policy for ICP monitoring but the following outline may serve as a 
guide. 

CPP Iow - ICP high (e.g. r 30 mm Hg) 
& BP low (e.g. mean < 100 mm Hg) + measure central venous 

I pressure (CVP) or insert 
Swan Ganz catheter. 

- if CVP low + give plasma volume expanders e.g. haemacel 
(do not use rnannitol) 

- if CVP normal 4 give inotmpic agents (c-g. dobutarnine) 

CPP Iow - ICP high, 
& BP normal + insert jugular bulb monitor and measure SJvOz 

- if S Jv02  normal (60-75%) -r give rnannitol 

- if SJvOz high (r 75%) - hyperventilate 

- if SJvOz low (< 60%) give hypnotics e.g.Psopofol, 
Etomidate. (see page 80) 
Do not hyperventilate. 
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MEAD INJURY - MANAGEMENT 

DWUSE BRAIN DAMAGElNEGATIVE CT SCAN 

A proportion of patients have no intracranial haematoma on CT scan or have only a small 
haematoma or contusion causing no mass effect. 

In  these patients, coma or impairment of conscious level may be due to: 
- diffuse axonal injury - suspect if no improvement in conscious levd from impact. 

- cerebral ischaemic damaxe 
- cerebral swelling suspect if deterioration is delayed - a patient who talks 
-fat emboli after impact d o ~ 3  nut have a significant shearing injury. 
- meningitis 

Several of these factors may coexist and cantribute to brain damage in patients with 
intracranial haematoma. 

The management principles outlined above apply; in particular it is essential to ensure 
h a t  respiratory function is adequate and that cerebral perfusion pressure is maintained. 

Fat emboli usually occur a few days after injury and may be related to fracture 
manipulation; deterioration of respiratory function usually accompanies cerebra1 damage 
and most patients require ventilation. 

Meningitis may occur several days after injury in the presence of basal fractures. 
Cerebral sweEZing may occur at any time after injury and cause a rise in intracranial 

pressure. 

REPEAT CT SCANMNG 
Indications: 
Delayed deterioration in clinical state 
Maintained rise in ICP 1 in patients with diffuse injury or following 

or evacuation of an intracranial haematoma 
Failure to improve after 48 hours 

Occasionally, smaII areas of 'insignificant' contusion on an initial CT scan may develop 
into a space-occupying haematoma requiring evacuation. Following hamatoma evacuation, 
recollection may occur in 5 1 0 %  of cases. 
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DEPRESSED SKULL FRACTURE 

This injury is caused by a blow from a sharp object. Since diffuse 'deceleration' damage is 
minimal, patients seldom lose consciousness. 

SlMPLE DEPRESSED FRACTURE (closed injury) 
There is no overlying laceration and no risk of infection. Operation is not required except 
for cosmetic reasons. Removal of any bone spicures imbedded in brain tissue dots not 

I reverse neuronal damage. 

i COMPOUND DEPRESSED FRACTURE {open injury) 
A scalp laceration is related to (but does not necessarily overlie) the depressed bone 
segments. Failure to detect a compound depressed fracture with an associated dural tear is 
likely to result in meningitis or cerebral abscess. 

'Bony' window 
levels on CT scan 
clearly demonstrate 
the depressed 

. - fragments 

Investigation 
Double density appearance on skzcll X- 
ray suggests depression but tangential 
views may be required to establish the 
diagnosis. Impairment of conscious 

I level or the presence of focal signs 
indicate the need for a CT scan to 
exclude underlying extradural 
haematorna or severe cortical contusion. 
Selecting hone window levels on CT 
scan will clearly demonstrate any 
depressed fragments. 

Management Bone edges nibbled away until Treatment aims TO minimise the 
fragments can be elevated and removed. risk of infection. The wound is 

debrided and the fragments 
elevated within 24 hours from 
injury. Bone fragments are either 

I- removed or replaced after washing 
with antiseptic. Antibiotics are not 

Underlying dural tears ,I Burr hole essential unless the wound is 
may be stitched at edge of depression excessively dirty. 

or patched with pericranium 

If the venous sinuses are involved in the depressed fracture, then operarive risks from 
excessive bleeding may outweigh the risk of infection and antibiotic treatment alone is given. 

Complications 
Most patients make a rapid and full recovery, but a few develop compBcations: 
Infection occurs when treament is delayed, or debridement inadequate, and may lead to 
meningitis or abscess formation. 
Epilepsy: Early epilepsy (in the first week) occurs in 10% of patients with depressed 
fracture. Late epilepsy develops in 15% overall, but is especially common when the dura is 
torn, when focal signs are present, when post-traumatic amnesia exceeds 24 hours or when 
early epilepsy has occurred (the risk ranges from 3 to over 6O%, depending on the number 
of the above factors involved). Elevation of the bone fragments does not alter the incidence 
of epilepsy. 
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DELAYED EFFECTS OF MEAD INJURY 

POST-TRAUMATJC EPIL.EPSY 
Early epilepsy (occurring within the first week from injury) 
Early epiIepsy occurs in 5% of patients admitted to hospital with non-missile Ci.e. 
deceleration) injuries. It is particularly frequent in the first 24 hours after injury. Focal 
seizures are as common as generalised seizures. Status epilepticus occurs in 10%. 

The risk of early epiIepsy is high in 
- children under 5 years. 
- patients with prolonged post-traumatic amnesia 
- patients with an intracranial haematoma 
- patients with a compound depressed fracrure. 

Late epilepsy (occurring afrer the first week from injury) 
Late epilepsy also occurs in about 5% of all patients admitted to hospital after head injury 
It usually presents in the first year, but in some the first atrack occurs as long as 10 years 
from the injury. Usually seizures arc generalised, but temporal lobe epilepsy (complex 
partial seizures) occurs in 20%. Late epilepsy i s  prevalent in patients with 

- early epilepsy (25 '10) 
- intracranial haematoma (35%) 
- compound depressed fracture (17%). 

Prophylactic anticonwlsants appear to be of IittIe benefit in preventing the development 
of an epileptogenic focus. Management is discussed on page 98. 

CEREBROSPINAL FLUID (CSP) LFAK 
Afrer head injury a basaI fracrure may cause a fistulous communication between rhe CSF 
space and the paranasal sinuses or the middle car. Profuse CSF leaks (rhinorrhoea or 
otorrhoea) are readily detectable, but brain may partiaIIy plug the defect and fie leak may 
be minimal or absent. Patients risk developing meningitis particularly in the first week, but 
in some this occurs after several years. When this is associated with anterior fossa 
fractures, it is usually pneumococcal; when associated with fractures through the petrous 
bone, a variety of organisms may be involved. 
Clinical signs of a basal fracture have previously been described (page 218). The patient 
may comment on a 'salty taste' in the mouth. h o s m i a  suggests avulsion of the olfactory 
bulb from the cribriform plate. 

Management 

CSF leak CSF leak continues or 

/msL-* < X-rays disruption show of extensive the anterior fossa 

CSF leak stops 

--l 
DURAL REPAIR 

Head injury -Signs of basal fracture 1 \ Obsirve* 
discharge 

Late attack of meningitis 

+ A recent Working Parry mncludcd h a t  evidence does not support the use of prophylactic antibiorirs (Lancct (1994) 344:1547- 

230 1551). Prophyimcric antibiotin only cnrnumge resistance and law attacks of meningit~s mag still occur dcspirc tncir use. 
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DELAYED EFFECTS OF MEAD lNJURX 

CSF LEAK (contd) 
Preoperative investipations 

Coronal high definition CT scanning should identify the fracture site. 
CT cisternograph~l - CT scanning after running contrast injected into the lumbar rheca, 

up to the basal cisterns may idenfify the exact site of the leak. 
CSF isotope infnsion studies combined with pledget insertion into the nasal recesses may 

also be of value, but results can be misleading. 

Operation 
As fractures of the anterior fossa oftcn rxtmd across the midline, a bifrontal cxploration is required. The dural 
rear is repaired with fascia lata, pericranium or synthetic dural substiturc. A CSF leak through the m~ddlc ear 
requires a subtemporal approach. 

Fa11urc: ro rcpair a CSF fistula may result from impairrd CSF absorption with an intermittent or persistent 
elevation of ICP. In these patients a CSF shunt may be required. 

POSTCONCUSSIONAL SYMPTOMS 
Even after relatively minor head injury, patients may have persistent symptoms of: 

- headache, dizziness and increased irritability 
- difficulty in concentration and in coping wirh work 
- fatigue and depression. 

This condition was once thought to have a purely psychological basis, but it is now 
recognised that in an injury of sufficient severity to cause loss of consciousness, or a period 
of post-traumatic amnesia, some neuronal damage occurs; studies show a distinct delay in 
dormation processing in these patients, requiring several weeks to resolve. Vestibular 
'concussion' (end-organ damage) may contribute to the symptomatology ('dizziness' and 
vertigo). 

CUMULATIVE BRAIN DAMAGE 
The  effects of repeated neuronal damage are cumulative; when this exceeds the capacity for 
compensation, permanent evidence of brain damage ensues. The 'punch-drunk' state is 
we11 remgnised in boxers; dementia may also occur from repeated head injury in jockeys. 
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DELAYED EFFECTS OF HEAD INJURY 

CRANIAL NERVE DAMAGE 
Cranial nerve damage occurs in about one-third of patients with severe head injury, but 
treament is seldom of benefit. These lesions may contribure towards the patient's residual 
disability. 

I Usually associated with anterior fosqa Anosmia Nil Rmvcry  often occurs 
Framre and CSF rhinnrrhoea in a few months 

I1 Optic nerve usuallv damaged in thc Vigual loss or field Nil Recovery seldom 1 
optic fn r~men  detect in one eye occurs 
Chiasmal damage occasionalIg occurs. Ritemporal 

hem~anopia. Local eyelorbiral 
dama~e may need 

[N.R. Visual loss may also occur from damage to the globe, treatmen1 
accipita1 cortex or optic radiations] 

III 111 nwoe damage usually resuIts from Pup11 inequality, Nil Rccovery usually 
TV tentorial hernistion but can also occur in ptusis and [other than ranmring occurs 
YT fractures invnlving the aupcrior orbital disturbance of muse of tentorial 

Usually permanent 

Immediate lesions 
have a poor prognnsis; 
delayed lesions 
usually recover 

Vcstibulas symptoms 
usually improve 
after several 
weeks. Nerve dedneqs 
is usually permanent. 
Conductive 
deafness from 
haernotympanurn 
should graduallv 
improve 

damage 

fissure m cavernous sinus r~cular movmcnts herniation] 
IV nerve damage is uncnrnmon 
VI nerve damage is usuaIlp associated 
with fractures of .chc petrous or 

V 

YII 

VIII 

sphenoid bones 

I 
XI, 
XI1 

OccasionaIly follows petrous or 
sphenoid fractures 

232 

fractures or exuacran~al injury 

I 
Patient seldom survives primary IX, X 

Facial numbness 

Associated with very severe basal 

Nil 

Associated w i h  petrous fracture Immediate o r  
delaycd facial palsy 

Omlogists masionally 
recommend 
decompression. Early 
sreroid therapy may 
benefit 

Ossicular damage 
may bmcfir From 

operation 

Pcmus fracture may damage: 
- nerve 
- cochlea 
- ossicles 

Haernotympanurn may result 

Vcnigo, 
'dizziness', I 

hearing loss, 
tinnitus 
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DELAYED EFFECTS OF HEAD INJURY 

OWCOME AFTER SEVERE HEAD INJURY 

Head injury remains a major cause of disability and death, especially in the young. Of 
those patients who survive the initial impact and remain in coma for at least 6 hours, 
approximately 40°h die within 6 months. The extent of recovery in the remainder depends 
on the severity of the injury. Residual disabilities include both mental (impaired intellect, 
memory and behavioural problems) and physical defects (hemiparesis and dysphasia). Must 
recovery occurs within the first 6 months after injury, but improvement may continue for 
years. Physiotherapy and occupational therapy play an important role not only in 
minimising contractures and improving limb power and function but also in stimulating 
patient motivation. 

Outcome is best categorised with the Glasgow Outcome Scale (GOS - see page 210) 
which uses depeadence to differentiate between intermediate grades. Afrer severe injury, 
about 40% regain an independent existence and may return to premorbid social and 
occupational activities. Inevitably some remain severely disabled requiring long term care, 
but few ( < 2%) are left in a vegetative state with no awareness or ability to communicate 
with their environment (see page 21 0). Prognosis in this p u p  is marginally bener than for 
non-traumatic coma - with about '4 of those vegetative at one month regaining 
consciousness within one year; of those who regain cnnsciousness, over % either 
subsequently die or remain severely disabled. Of those vegetative at 3 months after the 
injury, none regain an independent existence. 

Prognostic features fallowing traumatic coma 
The  duration of coma relates closely to the severity of injury and to the final outcome, but 
in the early stages after injury the clinician must rely o n  other features - age, eye opening, 
verbal and motor responses, pupil response and eye movements. 

Poor outcome Favourable outcome 
(GOS 1-3) (GOS 6 5 )  

Patients in coma for > 6 hours 6 1 % 39% 
Best Glasgow Coma Score > 1 1  18% 82% 
Best GIesgow Coma Score 8-10 32 % 68% 
Best Glasgow Coma Score < 8 73% 27% 
Parpillary response - reacting 50% 50% 
Pupillory response - non-reacting 96% 4% 
A,ye < 20 years 41 % 59% 
A,qe > 60 years 94% 6% 

(from Jennett-B, Teasdale-G, F5raakman.R et al. (1979) Neurosurgery 4:28+289) 
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CHRONIC SUBDURAL HAEMATOMA 

Subdivision of subdural haernatomas into acute and subacute forms serves no practical 
purpose. Chronic subdural haematoma however is best considered as a separate entity, 
differing both in presentation and management. 

,- Chronic subdural haematorna -fluid may range 
, from a faint yellow to a dark brown colour 

, - -A membrane grows out from the dura to envelop 
the heematoma 

Chronic subduraI haernatomas occur 
predominantly in infancy and in the elderly. 
Trauma is the likely cause, although a history of 
this is not always obtained. 

Sagittal sinus 

Predisposing factors 

- Cerebral atrophy cause stretching of . -. - - "- 
- Low CSF pressure bridging veins 
(after a shunt or fistula) 

- Alcoholism 
- Coagulation disorder 

Breakdown of protein within the haematoma and a subsequent rise in osmotic pressure 
was orighaIIy believed to accounr for the gradual enlargement of the untreated subdurnl 
haematoma. Studies showing equality of osmotic pressures in blood and haematoma fluid 
cast doubt on this theory and recurrent bleeding into the cavity is now known to play an 
important role. 

Clinical features tend to be non-specific. 

- Dementia. 
- Deterioration in conscious level, occasionally with flucfuating course. 
- Symptoms and signs of raised ICP. 
- Focal signs occasionally occur, especially limb weakness. This may be ipsilateral to 

the side of the lesion, i,e, a false localising sign (see page 220). 



LOCALISED NEUROLOGICAL DISEASE AND ITS MANAGEMENT A INTRACRANIAL 

CHRONIC SUBDURAL MAEMATOMA 

Diagnosis 
CT Scan appearances depend on the time 
between the injury and the scan. 

With injuries 1-3 weeks old, the subdural 
haematoma may be isodense with brain tissue. 
In this instance, i.v contrast enhancement may 
delineare the cortical margin. 
Beyond 3 weeks subdural haematomas appear 
as a low density lesion. 

Injury > 3 weeks old: 

I low density lesion , seen over 
I $  I !  

i hemisphere convexity. 

\% 

lrodense lesion 
causing midline 

If CT scan shows midline shift without: any 
t obvious extra- or intracerebral lesion, look at 

the shape of the ventricles. 

s h i f t . ~ o t e  1 the shape of the 
ventricles. 

Separation of the frontal and Extracerebral collection, 
occipital horns suggests an i.e. chronic subdural 
intrinsic lesion, e.g. encephalitis - -  - - -  - haematoma, causes 
rather than a surface collection approximation of frontal 

and occipital horns 
. . 

Management 
Adult 
The haernaroma i s  evacuated through two or thrce 
burr hokes and the cavity is irrigated with saline. 
Drains may be left in the subdural space and 
nursing in the head-down positinn may help 
prwent recollection. 

Craniotomy with excision of the membrane is 
seldom required. 

In patients who have no dcpresscd mnscious 
IweI, conservative meatrnmt with stcroids over 
several weeks may result in resnlurion. 

Infants 
The haematoma ss evacuated by repeated nccdle 
aspiration through the anterior fontanelle. 
Pemistent subdural collectsons rcqu~re a subdural 
peritoneal shunt. At: in adults, craniotomy is 
seldom necesfary. 



LOCALlSED NEUROLOGICAL DISEASE AND ITS MANAGEMENT A INTRACRANIAL 

CEREBROVASCULAR DISEASES 

VascuIar diseases of the nervous system are amongst the most frequent causes of admission 
to hospital. The annual incidence in the UK varies regionally berween 
150-200/ 100 000, with a prevelance of 6001 100 000 of which l l 3  are severely disabled. 

Bener control of hypertension, reduced incidence of heart disease and a greater 
awareness of all risk factors have combined to reduce mortality from stroke. Despite this, 
stroke still ranks third behind heart disease and cancer as a cause of death in affluent 
societies. 

RISK FACTORS 
Prevention of cerebrovascular disease is more likely to reduce death and disability than any 
medical or surgical advance in management. Prevention depends upon the identification of 
risk factors and their correction. 
Hypertension 
Hypertension is a major factor in rhe development of thrombotic cerebral infarction and 
intracranial haernorrhage. 
There is no critical blood pressure level; the risk is related ro the height of blood pressure 
and increases throughout the whole range from normal to hypertensive. a 6 nun Hg fa11 in 
diastolic blood pressure is associated in relative terms with a 40% fall in the fatal and non- 
fatal stroke rate. 
Systolic hypertension (frequent in the elderly) is also a significant factor and not as 
harmless as previously thought, 
Cardiac disease 
Cardiac enlargement, failure and arrhythmias, as well as rheumatic heart disease, rnitral 
valve prolapse and, rarely, cardiac myxoma are a11 associated with an increased risk of 
stroke. 
Diabetes 
The risk of cerebral infarction is increased rwofold in diabetes. More effective treatment of 
diabetes has not reduced the frequency of atherosderotic sequelae. 
Heredity 
Close relatives are at anIy slightly greater risk than non-genetically related family members 
of a stroke patient. Diabetes and hypertension show familial propensity thus clouding the 
significance of pure hereditary factors. 
Blood lipids, chollesterol, smoking, dietlobesity, soft water 
These factors are much less significant than in the genesis of coronary artery disease. 
Race 
Alterations in life style, diet and environment probably explain the geographical variations 
more than racial tendencies. 
Haematacrit 
A high blood haemoglobin concentration (or haematocrit level) is associated with an 
increased incidence of cerebral infarction. Other haematological factors, such as decreased 
fibrinolysis, are important also. 
Oral contraceptives 
The evidence of pill-related stroke is inconclusive. A recent prospective study has 
suggested an increased risk of subarachnoid haemorrhage rather than thrombaernbolic 

236 smoke. 
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CEREBROVASCULAR DISEASE - MECHANISMS 

'Stroke' is a generic term, lacking pathological meaning. Cerebrovascular diseases cau be 
defined as those in which brain disease occurs secondary to a pathological disorder of blood 
vessels (usually arteries) or blood supply. 

-' 1. Occlusion by thrombus or embolus. 

Whatever the mechanism, the 
resultant effect on the brain -- -. 2. Rupture of vessel wall. is either: 

ischaemia/infarction, or 
haemorrhagic disruption; -- -- 3. Disease of vessel wall. 

- -- _ _  . 4. Disturbance of normal properties of blood. 

Of all strokes: - 85"/0 are due to INPARCTlON 
- 15Y0 are due to HAEMORRHAGE 

CEREBROVASCULAR DISEASE - NATURAL HISTORY 

ApproxirnateIy one-third of all ktrokes' are fatal. The  age of the patient, the anatomical 
size of thc lesion, the degree of deficit and the underlying cause all influence the outcome. 

Immediate outcome 
In cerebral haemorrhage, mortality approaches 70%. 

Cerebral infarction fares better, with an immediate mortality of less than 25%, fatal 

! lesions beiag large with associated oederna and brain shift. 
ErnboIic infarction carries a better outcome than thrombotic infarction. 
Fatal cases of infarction die either at onset or else, more commonly, after the first week 

from cardiovascular or respiratory compIications. 
The level of consciousness on admission to hospital gives a good indication to immediate 

outcome. The  deeper the conscious Ievel the graver the prognosis. 

Long-term outcome 
The prognosis following infarction due to thrombosis or embolisation from diseased neck 
vessels or heart is dependent on the progression of the underlying atherosclerotic disease. 
Recurrent cerebral infarction rates vary between 5%-15% per year. Symptoms of coronary 
artery disease and/or peripheral vascular disease may also ensue. Five year rnortaligr is 
44% for males and 36% for females. 

The long-term prognosis following survival from haemomhage depends upon the cause 
and the treatment. 



LOCALISED NEUROLOGICAL DISEASE AND ITS MANAGEMEYT A. INTRACRANIAL 

CEREBROVASCULAR DISEASE - CAUSES 

UCCLUSH3N (5Ooh) 2. Branch vessel occlusion or stenasis 
Atheromatons/throm'botic middle cerebral artery) 
I.  ~ a r g e  vessei 

or stenasis 3. Perforating vessel occlusion 
(e-g. carotid artery) -/ (lacunar infarction) 

Non-atheromatous diseases of the vessel wall 
1 .  Collagen disease e.g. rheumatoid arthritis 

systemic lupus erythematosis (SLE) 
2. Vasculitis e.g, polyarteritis nodosa 

trmporal arteritis 
3. Granulomatous vasculitis e.g. Wegener" grmulomatosis 
4. Miscellaneous e.g. syphilitic vasculitis 

fibremuscular dysplasia 
sarcoidosis 
trauma 

EMBOLISATTON (25%) from: 
1. Atheromatous plaque in 2. The heart: 3. Miscellaneous: 

the intracranial or - valvular heart disease - fat emboli 
extracranial arteries - arrhythmias - air emboli 
or from the aortic arch. ,' - ischaemic heart disease - turnour emboli. 

- bacterial and non- 
bacterial endocarditis 

- atrial myxorna 
- prosthetic valves 
- patent foramen ovale 
- cardiomyopathy 

DISEASES OF BLOOD 
e.g. Coagulopathies 
Haemoglobinopathiea 

VENOUS THROMBOSIS 
Venous rhromhosis may occur with infection and dchydration or in assmiation with arterial occlusion when related 
to oesmgen excess. 

DECREASED CEREERAL PERFUSION 
Infamion between arterial ten-irorim may result from impaired prfusiun fmm c.g. cardiac dysrhythmia 

G 1 blood loss 

HAEMQRRHAGE (20%) 
Into the brain substance - parenchymal (15%) Neoplasm 
andlor subarachnoid space (5 %) Coagulation disorder e.g. haemophilia 
Hypertension Anticoagulant therapy 
Arnytoid vasculopathy VascuEitis 
Aneurysm Drug abuse e.g. cocaine 

238 Arderiovenous malformation Trauma 
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OCCLUSIVE AND STENOTIC CEREBROVASCULAR DISEASE 

PATHOLOGY 
The normal vessel wall comprises: 

-k> ' *, 
> ..-. , 

v:.~~:;~ .%: _, Intima: a single endothelial cell lining. . .%'-  

- - - Media: fibroblasts and smooth muscle with 
collagen support and elastic tissue. 

'-- Advenrite'a: mainly composed of thick collagen 
fibres. 

Within brain and spinaI cord tissue the advenrizia is usually very thin and the elastic 
lamina between media and adventitia less apparent. 

The  intima is an important barrier to leakage of blood and constituents into the vessel 
wall. In  the development of the atheroscEerotic plaque, damage ta the endorhelium of the 
intima is the primary event. 

The atherosclerotic plaque 
Following intimal damage: 

Intimal cells # Me ,& . .---- 1 build up ,-## 

-,--:- .- , Smooth muscle cells laden with - _  - 
cholesterol, lipids, phospholipids 

Collagen and elastic fibres 

Haernorrhage may occur within the plaque or the plaque 
may ulcerate into rhe lumen of the vessel forming an 
intcaluminal mural thrombus. Either way, the lumen of the . - 
involved vessel is narrowed (stenosed) or blocked (occluded). 

T h e  plaque itself may give rise ta emboli. Cholesterol is present partly in c ~ s t a l  form 
and fragments following plaque rupture may be sufficiently large to occlude the lumen of 
distal vessels. The cholesterol esters, lipids and phospholipids each play a role in the 
aggregation of such emboli. 

'She carotid bifurcation in the neck is a frequent site at which the atheromatous plaque 
causes stenosis or occlusion. 

Platelet emboli arise from thrombus developed over the damaged endothelium. This 
thrombus is produced partly by platelets coming into contact with cxposed collagen fibres. 
Endothelial cells synthesise PROSTACYCLIN which is a potent vasodilator and inhibitor 
of platelet aggregation. THROMBOXANE A2, synthesised by platelets, has opposite 
effects. In thrombus formation these two PROSTAGLANDINS actively compere with 
each other. 

When stenosed @ When occluded, the 
by more than 80%. clinical outcome 
reduction of blood depends on speed of 

occlusion and the state @ L ,  flew to brein 
occurs of collateral circulation 

When plaque has 
ulcerated - may result 
in choleste~ol emboli 
or platelet emboli 
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CEREBROVASCULAR DISEASE - PATHOPHYSIOLOGY 

Standard techniques of cerebral blood flow (CEF) measurement provide informarion on 
both global and regional flow in patients with cerebral ischaemia or infarction. Recent 
availability of positron emission tomography (PET), recording oxygen and glucose 
metabolism, as well as blood flow and blood volume, gives a more detailed and accurate 
understanding of pathophysiological changes after stroke. 

Changes in cerebral infarction 
NON-ISCHAENIC HEMISPHERE 

Mild reduction in 
global CBF - perhaps due 
to transneurona1 
depression of rnerabolisrn 
in the unaffemed 
hemisphere - diaschisis. 

In the normal brain, cerebral blood 

TSCHAEMTC HEMISPHERE 

Reducrion in gIobal CBF 

In the infarcted area and its 
surroundings, more subtle 
changes of regional cerebral 
blood flow (rCBF) are detected, 

flow to a particular part varies I t 

depending on t h e  mcrabolic Areas of redz~ced flow are 
requirements, i.e. thc supply of O2 and --bordered by areas of increased 
glucose is 'coupled' to the tissue needs. ,, flow - luxury perfusinn - due to 
After infarction, between areas of vasodilatation of arteriolar bed 
reduced flow and areas of luxury in response to lactic acidosis. 
perfusion, lie areas of relative luxury ,I -, 

I '  

perfusiota where reduced flow exceeds --- ' 
rhe tissue requirements, i.e. These changes in rCRF are transient and 
'uncoupling' of flow and mctabolisrn revert to normal within days of the onset. The 
has occurred, degree of disturbance of sCBF correlates with 
Studies with SPECT imaging suggest outcome. Flow of < 28 mllminllOOg results in 
t ha t  40% of infarcts are reperfused the development of the morphoIogica1 changes 
with blood within 48 hrs. of infarction. 

Pathophysiology of ischaemia 
Progression from reversible ischaemia ro infarction 
the reduced blood flow. 

THRESHOLDS OF CEREBRAL ISCHAEMIA 

EIectrocorticaI 

p~//, t function affected 
Electrical failure 

+ Ionic pump failure - Cell death 

depends upon the degree and diuasiora of 

Duration of ischaernja 



LOCALISED NEUROLOGICAL DISEASE AND ITS MANAGEMENT A INTRACRARIIAL 

CEREBROVASCULAR DllSEASE - PATHOPHYSIOLOGY 

Ischaemic cascade 
A significant fall in caebral blood flow produces a cascade of events which, if unchecked, lead to the production 
and accumulation of roxic compounds and cell death. 

Mismatch between cerebral blood 
flow and metabolic demands (02-glucose) 

EIectrical failure 
t \L Anaerobic rnerabolisrn (if wfficiint glucose available) Ionic pump failure 
I 

Membranc phospholipids K ' efflux (fiorn neurons) I 
Na ' influx (into neurons) (phorpholipase A2) 

\ 
LACTIC ACIDOSIS - 1 

1 
Ca" influx - ucrizfater 

4 I 
Arachidonic acid (and other free fatty acids) 

\ 
I 

/ 
(cyclo-oxygenase) (lipo-oxygenase) I 

r )  \ I 
Pmstaglandin - - - - - - - (FREE M I  CALS) - - Hydroperoxides I 

Thromboxane A2 - Endoperoxides 4 Fsostacyclin \ + I 
(potent 4 (potent '\ Leukomenes 
vasnmnstrictor vasodilatot =. 0 

Other 
J 

and platelet and plarelet 
pmstaglandins 

aggrcgant) antieggregant) -------------------- -.- 
DAMAGE 

Role of neurotransmitters 
Recent research has shown that one offhe amino acid excitatory neurotransmitters, Glutamate, in excess is a 
powerful neurotoxin, playing an important role in ischaemic brain damage. 

(Adapted f r m  Presynaptic bchaemia 
Xorhman & Oinry terminal Astrwyte 
1986 Annals o j  - enhanced glutamate 
Neuraln~y release and/or - 
19:105-lfS] Glu = = G l u m i n e ~ \ ~  Glutamate 

impaired reuptake "'fF 
h'H7 Glu Dtpolarisation - N a  "influx ,-.- b l u  

,-. - ... - Reziptoke K efflux 
Reuptake -: Ci ' channel 

-. . . . . . . . . . 
Postsynaptic opcnpd 

CaT + 
actwares 

dendrite ~ T T V -  phospholipid 

breakdown 
- arachidonic acid 

quisquilate (as above) 

Therapeutic impUca tions 
Idenriiication of harmful ncurotmnsmirters and of the pathways involved in the ischaemic cascade has led to a 
surge of interest in brain protecrive agents - 

Ua ' ' ontagonrslr: studies of Nirnodipine in patients with S M  have shown a significant reduction in ischaemic 
complicarions. This drug acts by opening u p  the collatenI circulation and bv blocking Ca+ ' influx. Therc is 
limited evidence of efficacy in acute ~nfarction 

Glvtmnore onrqgonisrs (e.g. NMDA antaganist - 'MK801', CGS 1975S3: significantIv reduces ischaernia in 
animal studies. Toxicity may limit clinical trials. 

Ba~birurares: thesc reduce cerebral metabolism, thereby reducing ncuronal requiremmts. They af~o block free 
radical production. The dosagc required to lower metabolism produces signifimt hypotensinn and benefits 
remain unproven. 

Free radical scavengers: Early studies suggcsr that these agents may pmduce 
some benefit in reducing ischaemia. 
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TRANSIENT ISCHAEMIC ATTACKS (TIA'S) 

Transient ischaemic attacks are episodes of focal neuroFogical symptoms due to inadequate 
blood supply to the hmin. Attacks are sudden in onset, resoIve within 24 hours or less and 
leave no residual deficit. These attacks are imporrant as warning episodes or precursors of 
cerebral infarction. 

Before diagnosing TIA's, consider other causes of transient neurological dysfunction - 
migraine, partial seizures, hypogIycaemia, syncope and hyperventilation. 

The pathogenesis of transient ischaemic attacks 
A reduction of cerebral blood flow below 20-30 rnl 100 glrnin produces neurological 
symptoms. T h e  deveIopment of infarction is a consequence of the degree of reduced flow 
and the drlration of such a reduction. If flow is restored to an area of brain within the 
critical period, ischaemic symptoms wilI rtvvcrse themselves. TIAs may be due to: 

1. Reduced flow through a vessel: 2. Blockage of the passage of flow by 

a fa11 in perfusion pressure, 
e.g. cardiac dysrhythmia arising from plaques in 
associated with localised norric archlextracranial 
stenotic cerebrovascular vessels or from the 
disease heart 

- the haemodvnamic expIanation. - the embolic explanation. 

Both mechanisms occur. Emboli are accepted as the cause of the majority of TTAs. 

The syrnptomatology af TIAs 
Anterior (90 ?A$ Posrerior (7%) 
Carotid territory L--- - - - - Vertebrobasjlar territory - -- hemiparesis, lass of consciousness 

hemisensory dismrbance, bilateral limb rnoror/sensory 
dysphasia, dysfunction 
monocular blindness binocular blindness 
(amaurasis fugax) vertigo, tinnitus, not singly, but in 

diplopia, dysarthria 
with each other 

A small number of transient ischaemic attacks are difficult to fit convincingly into either 
anterior or posterior circulation, e.g. dysarthria with hemiparesis. 

The natural history of TLAS 
Following a TTA, between 510% of patients will develop infarction in each year of 
follow-up, irrespective of the territory involved. The  risk of infarction is probably at i t s  
greatest in the first 3 4  months after the initial TIA. Not all patients who develop cerebral 
infarction have had a warning TIA. 
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L 

CLINICAL SYNDROMES - LARGE VESSEL OCCLUSION 

r OCCLUSION OF THE INTERNAL CAROTTD ARTERY - may present in a 
'stuttering' manner due to progressive narrowing of thc lumen or recurrent emboli, 

The degree of deficit varies - occlusion may be asymptomatic and identified only at  
autopsy, or a catastrophic infarction may result. 

k 

In the most extreme cases therc may be: 
Deterioration of conscious levet 
Homonymous hernianopia of the contralateral side 
Contralateral hemiplegia 
Contralateral hemisensory disturbance 
Gaze palsy to the opposite side - eyes deviated to the side of 

the lesion 
A partial Horner's syndrome may develop on the side of the 
occlusion (involvement of sympathetic fibres on the internal 
carotid waI1). 
Occlusion of the dominant hemisphere side will result in a 
global aphasia. 

Examination of the neck will reveal: 
Absent carotid pulsation at the angle of the jaw with poorly 

,-' conducted heart sounds along the internal carotid artery. 

Prodromal symptoms prior to occlusion may take the 
' Internal carotid form of monocular blindness - AMAUROSIS 

FUGAX and transient hemisensory or hemimotor 
carotid 4: Bifurcation disturbance (see page 253). 
Common - ? 

carotid IRight Common 

The origins of the vessels from the aortic arch are such artery 
that  an innominare artery occlusion will result not only in 
the clinical picture of carotid occlusion bur will produce 2 U 
diminished blood flow and hence blood pressure in the 

I 
C 

right arm. 
artery 

The outcome of carotid occlusion depends 
r 

on the collateral blood supply primarily from 
the circle of Wjllis, but, in addition, the 
external carotid may provide flow to the 
anterior and middle cerebral arteries through 
meningeal branches and retrogradely through 
the ophthalmic artery to the inrernal carorid 
artery. 

I ,-Internal 
/ 

I 

Ophthalmic artery 
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CLINICAL SYNDROMES - LARGE VESSEL OCCLUSlON 

ANTERIOR CEREBRAL ARTERY 

Anatomy 

Motor + 
Urinary bladder Senson/ 

,' .' The anterior cerebral artery is a branch of the 
internal carotid and runs above the optic nerve 
to follow the curve of the corpus callosum. 
Soon after its origin the vessel is joined by the 
anterior communicating artery. Deep branches 
pass to the anterior part of the internal capsule 
and basal nuclei. 

Cortical branches supply t h e  medial surface 
of the hemisphere: 

1. Orbital 
2. Frontal 
3. Parietal 

Medial surface of right cerebral hemisphere 

Clinical features 
The anterior cerebral artery may be occluded by embolus or thrombus. The clinical 
picture depends on the site of occIusion (especially in relation to the anterior 
communicating artery) and anatomical variation, e.g. both anterior cerebral arteries may 
arise from one side by enlargement of the anterior communicating artery. 

/ 
Occlusion proximal to the anterior - - - - - - -- - - - - -- , 1 ---_ 

communicating artery is normally well tolerared 
because of the cross flow. - A  +, -- Occlusion 

Distal occlusion results in weakness and cortical -.. 
sensory loss in the contralateral lower limb with Anterior 

associated incontinence. Occasionally a .*(c,Jp communicating 

contralateral grasp reflex i s  present. 5: h 
1 artery 

Proximal occlusion when both anterior cerebral ,* 
vessels arise from the same side results in 
'cerebral' paraplegia with lower limb weakness, 
sensory loss, incontinence and presence of grasp, ~ ' ~ ~ ~ x ,  (-717 ;:Ii i, 
snout and palmomental reflexes. ', :I 1 1  

I .  , I  

Bilateral frontal lobe infarction may result in ' . L...,, 

akinetic mut im (page 107) or deterioration in 
'df - - - - -  

I- - - - - --  Occlusion 
conscious level. 
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CLINICAL SYNDROMES - LARGE VESSEL OCCLUSION 

MIDDLE CEREBRAL ARTERY 

Anatomy 

cerebra! 

'Lateral surface of cerebral hemisphere 
Motor Sensory 

The middle cerebral artery is the largest branch of the internal carotid artery. I t  gives off 
(I)  deep branches (perforating vessels - lenticulostriate) which supply the anterior limb of 
the internal capsule and part of the basal nuclei. I t  then passes out to rhe lateral surface of 
the cerebral hemisphere at  the insula of the lateral sulcus. Here it gives off cortical 
branches (2) temporal, (3) frontal, (4) parietal. 

Clinical features 
The  middle cerebral artery may be occluded by embolus or thrombus. The clinical picture 
depends upon the site of occlusion and whether dominant or non-dominant hemisphere is 
affected. 

Occlusion at the insula 

Contralateral hemiplcgia (leg relatively spared) 
Contralateral hemianaesthesia and hemianopia 

All cortical branches are invoIved - Aphasia (dominant) 
Neglect of contralateral limbs 

(non-dominant) 
Dressing difficulty 

When cortical branches are affected individually, the clinical picture is less severe, e,g. 
involvement of parietal branches alone may produce Wernicke's dpsphasia with no limb 
weakness or sensory loss. 

The  deep branches (perforating vessels) of the middle cerebral artery may be a source of 
haemorrhage or small infarcts (lacunes - see later). 
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CLINICAL SYNDROMES - LARGE VESSEL OCCLUSION 

VERTEBRAL ARTERY OCCLUSION 

Anatomy 
Posterior Ophthalmic The  vertebral artery arises from the 
cornmunicatinq , ;artery subclavian artery on each side. 

Underdevelopment of one vessel occurs in 
10%. 

T h e  vertebral artery runs from its origin 
through the foramen of the transverse 
processes of the mid-cervical vertebrae. It 
then passes laterally through the transverse 
process of the axis, then upwards to the atlas 
accompanied by a venous plcxus and across 
the suboccipital rriangle to the vertebral 
canal. After piercing the dura and arachnoid 
mater, it enters the cranial cavity through the 
foramen magnum. At the lower border of the 
pons, it unites with its fellow to form the 
basilar artery. 

The vertebral artery and its branches supply the medulla and the inferior surface of the 
cerebellum before forming the basilar artery. 

Clinical features 
Occlusion of the vertebral artery, when low in the neck, is compensated by anastornotic 
channels. 
When one vertebral artery is hypoplastic, occlusion of the other is equivalent to basilar 

artery occlusion. 
Only the posterior inferior cerebellar artery (PICA) depends solely on flow through the 

vertebral artery. Vertebral artery occlusion may therefore present as a PICA syndrome 
(page 250). 
The close relationship of the vertebral artery to the cervical spine is important. Rarely, 

damage at intervertebral foramina or the atlanto-axial joinrs following subluxation may 
resulr in intima1 damage, thrombus formation and embolisation. 

Vertebral artery compression during neck extension may cause symptoms of intermittent 
vertebrobasilar insufficiency. 

XStenosis of h e  proximal left or right subclavian artery may 
result in retrograde flow down the vertebral artery on exercising 
the arm. This is commonly asymptomatic and demonstrated 
incidentally by Doppler techniques or angiography. Occasionally 
symptoms of vertebrobasilar insufficiency arise - subclavian 'stear' 
syndrome. Surgical reconstruction or bypass of the subclavian 

n artery may be indicated. 
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CLINICAL SYNDROMES - LARGE VESSEL OCCLUSION 

BASILAR ARTERY OCCLUSION 

Anatomy 

Basilar Posterior 
artery communicating 

I ,-artery 

P4i Superior cerebellar a. ..-, 
--- Pontine branches .-- Internal auditory a. >---- Anterior inferior 

cerebellar arterv 

A 
-'-- Vertebral artery 

C %'- Posterior inferior 
; 

cerebellar artery 
Anterior spinal 
artery 

The basilar artery supplies the brain stem from 
medulla upwards and divides eventually into 
posterior cerebral arteries as well as posterior 
communicating arteries which run forward to 
join the anterior circulation (circle of Willis). 

Branches can be classified into: 
1. Posterior cerebral arteries 
2. Long circumflex branches 
3. Paramedian branches. 

Clinical features 
Prodromal symptoms are common and may take 
the form of diplopia, visual field loss, 
intermittent memory disturbance and a whole 
constellation of other brain stem symptoms: 

- vertigo 
- ataxia 
- paresis 
- paraesthesia 

The complere basdar syndrome following occlusion consists of: 
- impairment of consciousness + coma 
- bilateral motor and sensory dysfunction 
- cerebellar signs 
- cranial nerve signs indicative of the level of occlusion. 

The clinical picturr: is variable. OccasionaJly basilar thrombosis is an incidental finding 
at aupopsy. 

'Top of basilar' occlusion: This results in lateral midbrain, thalamic, occipital and medial 
temporal lobe infarction. Abnormal movements (hemiballismus) are associated with visual 
loss, pupillary abnormalities, gaze palsies, impaired conscious level and disturbances of 
behaviour. 

Paramedian perforating vessel occlusion gives rise to the 'LOCKED-IN' SYNDROME 
(page 251) and LACUNAR infarction (page 252). 
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CLINICAL SYNDROMES - LARGE VESSEL OCCLUSION 

POSTERIOR CEREBRAL ARTERY 

Anatomy 

Posterior cerebral artery 

Cerebral Temporal Calcarine 
peduncle branch branch 

Undersurface of left cerebral hemisphere Medial surface of right hemisphere 

The posterior cerebral arteries are the terminal branches of the basilar artery. Small 
perforating branches supply midbrain structures, choroid plexus and posterior thalamus. 
Cortical branches supply the undersurface of the temporaI lobe - temporal branch; and 
occipita1 and visual cortex - occipital and calcarine branches. 

Clinical features 
Proximal occlusion by thrombus or embolism will involve perforating branches and 
structures supplied: 

Midbrain syndrome - 111 nerve palsy with contralateral 
hemiplcgia - WEBER'S SYNDROME. 

Tlzalamic syndromes - chorea or hemiballismus with hemisensory disturbance. 

Occlusion of cortical vessels will produce a difftrcat picture with visual field loss 
(homonymous hemianopia) and sparing of macular vision (the posterior tip of the occipital 
Iobe, i.e. the rnacular area, is also supplied by the middle cerebral artery). 

Posterior cortical infarction in the dominant hemisphere mav produce problems in 
naming coIours and objects. 
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CLINICAL SYNDROMES - BRANCH OCCLUSION 

BASILAR ARTERY - LONG ClCRCZTMFLEX BRANCH OCCLUSION 

Anatomy 

Posterior cerebral 

artery 

It can be seen that a vascular lesion in the 
territory of these vessels will produce, not only 
cerebellar, but also brain stem symptoms and 
signs localising to: 

(a) superior pontinc, 
(b) inferior pontine and 
(c )  medullary levels. 

Clinical features 

Superior cerebellar artery syndrome results in: 

Ml OBR AlN Sympathetic 

The cerebellum is supplied by three 
paired blood vessels: 

1. Superior cerebellar artery arise 

2. Anterior inferior cerebellar 
artery artery 

3. Posterior inferior cerebellar artery 
(PICA) which arises from the vertebral 
artery. 

Ill nucleus ._ 

Red --' 
nucleus 

I I 

Ill nerve Spinothalamic tract 

Cersbeil14m - 
disturbed gait, limb ataxia. 
Brain stem - 
ipsilareral Homer's syndrome, 
contralateral sensory loss - 
painltemperature (including face). 
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CLINICAL SYNDROMES - BRANCH OCCLUSION 

ClInkal features (conrd) 

Anterior inferior cerebelf~r artery syndrome results in: 

PONS Sympathetic 
\ 
\ 1. Cerebellrcm - 

ipsilateral limb ataxia. 
2. nroin ssem - 

I " --- ipsilateral Homer's syndrome, 
V11 nucleus - - - -, ,- ,- - - :' ---------.  ipsiateral sensory loss - pain1 
and emerging nerve - - --i- - - - 

temperature of face, 
H~ -- - - - - - - - - - ipsilateral facial w e h e s s ,  

V nucleus and tract --'* ] ipsilateral paralysis of lateral gaze, -- ------ - _ _ _  _ contralateral _ sensory loss - pain 
Spinothalamic temperature of limbs of trunk. 

Posteriar inferior cerebellar artery syndrome (lateral medullary syndrome) results in: 

1. CcrebeIIurn - 
MEDULLA dysarrhria, ipsiIatera1 limb ataxia, 

X nucleus vertigo and nystagmus 
and nerve Sympathetic (due to damage to 

vestibulo-floccular connections). 

2. Brain ssem - 
XEI nucleus and -----.- ipsilateral Homer's syndrome 

ipsilateral sensory loss - 
pain/tcmperature of face, 

- - - __ -_  ipsilateral pharyngeal and 
----___ laryngeal paralysis, ---_ contralateral sensory loss - p a i d  

, temperamrc of limbs and trunk. 
I' 
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CLINICAL SYNDROMES - BRANCH OCCLUSION 

BASILAR ARTERY - PARAMEDIAN BRANCH OCCLUSEON 

Red 

Ill nerve Basilar artery 

Paramedian branch occlusion is produced by 
occlusion of the penetrating midline branches of 
the basilar artery. 

Y e -  

# # * #  
. - 

At the midbrain level damage to the nucleus or the 
fasciculus ofthe oculomotor nerve (111) w ~ l l  result in a 
complete or partial III nerve palsy; damage ra thc rcd 
nucIcus (ourflow from oppnsite cerebellar hemisphere) will 
also produce contralareral tremor - referred to as 
BENEDIKT'S SYNDROME. 

PONS 

VI nucleus - -- - 
VII nucleus -, 

_,.- Medial 
longitudinal 
bundle 

Facial 
nerve 

Abducens nerve 

MEDuLMm~ XI! nucleus 
1 Y : \$I ,,* lernniscus 

Ar hc puntine level an abducens nerve (VI) palsy will 
occur with ipsilateral facial (VII) wcaknms and contralateral 
sensory loss - ligh~ touch, proprioception {medial lemniscus 
damage) when the lesion is more basal. 

Abducens and fac1a1 palsy may be acmmpanicd by 
contralateral hmiplegia - MILLARD-GUBLER 
SYNDROME. 

At the medullary level, bilateral 
damage usually occurs and rcsults in 
the 'LOCKED-IN' SYNDROME. The 
patient is paraIysed and unable to talk, 
although some facial and eye 
movements are preserved. 
Spinothalamic sensation is retained, but 

involvement of the medial lemniscus produces loss of 'discriminatory' 
sensation in the limbs. The syndrome usually foIlows basilar artery 
occlusion and carries a grave prognosis. 
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CLINICAL SYNDROMES - LACUNAR STROKE (LACI) 

Occlusion of deep penetrating arteries produces subcortical infarction characterised by 
preservarion of cortical function - language, other cognitive and visuaI functions. 

Clinical syndromes are distinctive and normally result from long-standing hypertension. 
In 80%, infarcts occur in periventricular white matter and basal ganglia, the rest in 
cerebellum and brain stem. Areas of infarction are 0.5-1.5 cms in diameter and occluded 
vessels demonstrate lipohyalinosis, rnjcroaneurysrn and microatheromatous changes. 
L a m a r  or subconical infarction accounts for 17% of all thromboembolic strokes and 
knowledge of commoner syndromes is essential. 

7. Pure motor herniplegia 1 2. Pure sensory stroke 

Futamen _, Head 
of caudate 

:.I: ,,Lesion i n  
posterior 

l imb of 
internal 

Thalamus capsule 

Clinical: Equal weakness of 
contralateral face, arm and 
leg wi th dysarthria 
Vessellsl: Lenticulostriate A. 

Clinical: Numbness and tingling 
of contralateral face and limbs. 
Sensory examination may be 
normal 
Vessells): Jhalamogeniculate A. 

I 

4. Ataxic hemiparesis 
V 

Lesion in  ventral pons ,_ _ 
(interruption of 

. 
pontocerebellar fibres) 

Lesion in VPL 
. . * nucleus of 

thalamus 

Clinical: Mi ld  hemiparesis with more 
marked ipsilateral lFmb ataxia 
Vessellsl: Perforating branch o f  Basilar A. 
(This syndrome can also be produced by 
anterior capsular lesions) 

3. Dysarthria/clurnsy hand 

Lesion i n  w 

Clinical: Dysarthria due to 
weakness of ipsilateral face 
and tongue associated wi th 
clumsy buc strong 
contralateral arm. 
Vessel(sl: Perforating branch 
of Basilar A. 

5. Severe dysarthria with facial weakness 

n 

Lesion i n  anterior l imb  
of internal capsule 

Clinical: Dysarthria, dysphagia and 
even mutism occur w i th  mild facial 
and no l imb weakness o r  
clumsiness. 
Vessells): henticulostriate A. 

Sensonmotor syndromes are common although anatomical basis is obscurc. A recent Stroke Data Bank survey 
showed the cornmoneqt presentations to be: - 

Pure motor hemiplegia 5'1% 
Sensorimotor 20% 
Ataxic hemiparesis 10% 
Pure srnsory 7% 
DysarthnalClurnsy hand 6% 

Investigations MRI i~ superior to CT in demonstrating lacunae, although either ma

y 

occasionally misdiaposc a 
small resolving hacrnaroma. Conf i rmat ion o f  lacunar stroke may savc patients from unnecessary investigations for 
carotid and cardiac cmbolic source. 
Propmsis For all ~yndrornes this is encouraging. Careful control of blood pressure and the use of aspirin usually 
prevents recurrence. MultipZe lacunar infarctions - 'etar l a m a ~ r e '  - results in shuffling gait, pscudobulbar paI~y 

252 and s~bCOrtl~al dementia. 
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CLASSIFICATION OF SUBTYPES OF CEREBRAL INFARCTION 

A recently devised classification of infarction has proved simple and of practical value in 
establishing dn'agnosis and in predicting ozc~corne - 

Clinical features Outcome 
Total Anterior Circulation motor and sensory deficit, hemianopia and Poor 
Infarction (TACI) disturbance of higher cerebra1 function 

Partial Anterior Circulation any two of above Variable 
Infarction (PACL) or isolated disturbance of cerebral function 

Posterior Circulation signs of brainstem dysfunction 
Infarction (POCI) or isolated hemianopia 

Lacunar Infarction (LACII) pure motor stroke 
or pure sensory stroke 
or pure sensorimotor stroke 
or ataxic hemiparesis 

Variable 

Good 

Emboli consist of friable atheromatous material, platelet-fibrin dumps or well formed 
thrombus. 
The diagnosis of embolic infarction depends on: 

The identification of an ernbolic source, e.g, cardiac disease. 
The clinical picture of sudden onser. 
Infarction in the territnry of a major vessel or large branch. 

Clinical picture - depends on the vessel involved. Emboli commonly produce transienr 
ischaemic artacks (TIA) as well as infarction. 
Symptoms are referable to the eve (retinal artery) and to the anterior and middle cerebral 
arteries, and take the form of: 

Visual loss - transient, i.e. amaurosis f u ~ a x  or permanent. 
Hemisensory and hemimotor disturbance. 
Disturbance of higher function, e.g. dysphasia. 
Focal ar generalised seizures - may persist far some time after the ischaemic episode. 
Depression of conscious level if major vessel occlusion occurs. 

Emboli less frequently affect the posterior circulation. 

EMBOLI FROM THE INTERNAL CAROTID ARTERY AND AORTA 
Emboli from these sources are commonest outwirh the heart. The  majority of all cerebral 
emboli arise from ulcerative plaques in the 
carotid arteries (see page 239). 
Emboli arising from rhe aorta 
(atheromatous plaque or aortic aneurysm) 
often involve both hemispheres and systemic 
emboIisation (e.g, affecting limbs') may coexist. 



LOCALISED NEUROLOGICAL DISEASE AND ITS MANAGEMENT A INTRACRANIAL 

EMBOLISATION 

EMBOLI OF CARDIAC ORIGIN 

The heart represents a major source of cerebral emboli. 
/' Valvular heart disease: rheumatic heart disease e,g. mitral 

, stenosis with atrial fibrillation or mitral value prolapse. 
,=lschaernic heart disease: myocardial infarction with mural 

, thrombus formation. 
,Arrhythmias: Non-rheumatic (non-valvular) atrial 

fibrillation is the most common cause of cardioembolic stroke 
Bacterial endocarditis may give rise to septic cerebral 
embolisation with ischaemia -, infection + abscess 
formation. 
Neurnlegical signs will occur in 30% of all cases of bacterial 
endocarditis, S. auretls and srreptococci being the offending 
organisms in the majority. 

Non-bacterial endocarditis (marantic endocarditis): associated with malignant disease due to fibrin and platelel 
dcposi~on on heart valves. 
Atrial myxama is a rare cause of recurrent cerebral cmbuIiaation. Bihcmiuphere episodes with a persistentIy 
elevated ESR should amuse suspicion which may be confirmed by cardisc uItrasound. 
Patent foramen ovale may result in paradoxical embolisation; suspect in patient with dccp vcnous thrombosis 
who develops cerebral infarcnon. 

New cardiac imaging techniques especially Transoesophageal Echocardiography (TOE) 
allow a more accurate dctcction of potential embolic source. Transcranial Doppler (TCD) 
may characrerise emboli by anatysing their signals and help quantify risk of recurrence. 

EMBOLI FROM OTHER SOURCES 
Fat emboli: following Fracture, eapecialIy of long bones and pclvis, fat appears in the bloodstream and may pass 
into the ccrebral circulation, usualIv 5-6 day5 after trauma. Emboli are usually multiple and sips are diffuse. 

Air emboli follow injury to neck/chest. or follow surgery. Rarely, air emboli complicate therapeutic abortion. 
Again the picture i s  diffure neuroloplically. Onset is acute; if the patierir survives rhe fitst 30 minutes, prognosis is 
cxccllcn t .  

Nlnogen embolisation or decompression sichess (the 'bends') produces a similar picture, but if the patient 
survives, neumlogical disability may bc profound. 

Tumour emboli rcsult in metastatic lesions; rhc onset is usually slow and progressive. Amte stroke-like 
presentation may occur, foIlowed weeks or months latcr by thc mass effects. 

Lung 
Melanoma 
Testicular mmours 
Lymphoblastic Ieukaemia commonly rnerasrasise ro brain 
Prostate 
Brcasr 
Rcnal 
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STENOTIC/OCCLWSIVE DISEASE - INVESTIGATIONS 

1. CONl3RNI THE DIAGNOSIS 
Computexised tornograph-v (C T scan) 
Ideally, all patients should have a CT scan. 

In practice, a C T  scan is performed if: 
- there is doubt about the diagnosis 
- symptoms progress ?hemorrhage or turnour 
- conscious level is depressed 
- if thrornbolytic or anticoagulant 

treatment is considered or aspirin 
commenced or continued 

- neck stiffness is present 
or prior to any invasive investigation. {note 
Infarction is evident as a low-density lesion which 

conforms to a vascular territory, i.e. 
It is not immediately visible on CT but in most patients middle 

becomes apparent in 4-7 days. cerebral 

CT scan also identifies: artery) 

- the site and size of the infarct, providing a prognostic guide 

I 
- the presence of hemorrhagic infarcticn where bleeding occurs into the infarcted area 
- intracercbral hemorrhage or tumour. 

I Magnetic reesnnance imaginf (MRP) 

T1 prolongation line. hypointensity in relation to white and grey matter) occurs within a 
few hours of onset of ischaemic symptoms. Pntracranial vessel occlusions show an absence 
of a 'signal void". Posterior circulation strokes (lacunes) are more readily identified than 
with CT. 

2. DEMONSTRATE THE SITE OF PRIMARY LESION 

(a) Non-invasive Investigation 
UItrusound - Doppler/Duplex scanning: assesses extra- and 
intrncranial vessels (page 42). A normat study precludes the 
need for angiography. 

1 Cardiac ultrasound {rransrhorackc or transoesopha~ea!): this 
often reveals a cardiac embolic source in young people with 
stroke, e,g. prolapsed mitral valve, patent foramen ovale. 
Magn~tic  resonance angiography (MRA) 
Using 'time of flight' techniques, a non-invasive image of 
extra and intracranial vasculamre is obtained. MRA 
overestimates the degree of stenosis and is insensitive to 
ulcerative plaque detection. 
(b) Invasive investigation 
The combination of the above techniques has decreased the necd for invasive investigation 
but often cerebral angiography is still required ro make a definitive diagnosis. The role a ~ ~ d  
safery of angiography imrnediatelv following infarction is uncertain. In the elderly or peor- 
risk patient, investigations to demonstrate the site of the primary lesion may be 
inappropriate. 255 
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STENOTICJOCCLUSIVE DISEASE - INVESTIGATIONS 

Indicatian for angiogtaphy 
1. With suspeczed extracranial vascular disease 

- a recovered stroke patient if ultrasound 1 Carotid 
at further risk positive. stenosis 

- folIowing TIAs and 
2. With suspected intracranial vascular disease. t ulceration 

Angiography identifies the site and nature of I 

the disease in intra- and extracranial vessels, 
and indicates the degree of collateral circulation. 
Suspected carotid disease: demonstrate both carotids, intracranial vcssels, the aortic arch and 
origins of the vcrtebrals. Approximatdy two-thirds of patients with carotid territory attacks 
will have angiographic abnormality. 
Suspected vertebrobasdar disease: note the intracranial vesscls and r h e  course of the v e ~ e b r a l  
artery through the cervical foramina where osteophydc encroachment may occur. Note th2t 
proximal subclavim occIusion may resuIr in retrograde flow down the verrebral arteries 
into the subclavian arteries, and causc TIAs aggravated by arm exercise - subclcwiaw steal 
(page 246). 

3. IDENTIFY FACTORS WHICH MAY INFLUENCE TREATMENT AND 
OUTCOME 
General inwes th t ions  identify conditions which may predispose towards premature 
cerebrovascular disease. These are essential in all patients. I 

Chest X-ray - cardiac enlargement - hypertension(va1vular heart diseasc 
ECG- - ventricular enlargement andlor arrhythmias - hypertension/embolic disease 

recent myocardial infarct - embolic disease 
sinoatrial conduction defect - embolic disease/output failure 

Blood glucose - diabetes rnellitus 
Serum lipids and cholesterol - hyperlipidaemia 
BSR - I- vasculitis/collagen vascular disease 
Auto-anribodies - 1 See inflammatory vasculitis 
Urine analysis - polyarteritis, thsombocytopenia and blond diseases (pages 16 1 ,  264) 
Fr~il blood count - polycythaernia, thrombocytopenia 
VDRL-TPHA - neurosyphiIis 1 

Prothrombin time - cjrcuIating auto-anticoagulants 
Note drug history - oral contraceptives, amphetamines, opiates 
Cemical spine X-ray - atianto-axial subluxation 
Following the interpretation of these preliminary investigations, more detailcd studies may 
be requked, e.g. 
- cardiac ultrasound -cardiac embolic source 
- blood cultures - subacute bacterial endocarditis 
- HLV screen AIDS 
- sickle cell screen 
- plasma electrophoresis 1 haematoiogical disorder 
- viscosity studies 
- anticardiolipin antibodies - antiphospholipid syndrome 

256 - muscle biopsy - rnitochrondrial disease 
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CEREBRAL INFARCTION - MANAGEMENT 

T I E  ACUTE STROKE 
Clinical history, examination and investigation will separate infarction and haemorrhage. 
Once the nature of the 'stroke' has been confidently defined, treatment should be 
instigated. 

Treotmenr aims 
- Prevent progrcssian of present event 
- Prevent immediate complication 
- Prevent the development of subsequent events 
- To rehabilitate the patient. 

General measures 

. _,Around the edge of an infarct, ischemic tissue is at risk, but is potentially 
A'~  rccovcrable. This compromised but viable tissue must be protected by 

ensuring a good supply of glucose and oxygen. Factors which might adversely ' p  ,u*' 
;" affcct this musr be maintained - hydration, oxygenation, blood pressure. T o  
/ this end, treat chest infections and cardiac failure/dysrhythmias. 

Infarction 

Specific measures 
The following are generally ineffective, or are as yet inadequately evaluated. 

Anricaagulant therap-y 
Thc role of antithrombotic therapy (heparin) in patients with acute infarction is uncertain 
and currentIy under evaluation (IST - International Stroke Trial). 
In patients with a known cardiac source of emboli, the risk of recurrent embolic 

infarction is high and anticoagulant therapy should be commenced once CT scan has ruled 
out haemorrhagic infarction. In chronic valvular disease, treatment is long term; following 
myocardial infarction (with mural thrombus) - 6 months. With mitral valve prolapse, 
antiplatelet drugs will suffice. In atrial fibrillation the overall annuaI risk of stroke is 5%.  
Several recent trials show highly significant benefit from long term oral anticoagulation 
with warfarin (target INR 1.2-2.0) 

Heparin is often used in the management of 'stroke in evolution'. The neurological 
deficit fluctuates but gradually worsens over some hours. The gradual progression is 
considered due to increasing thrombus formation with progressive 'silting' of collateraE 
vessels. Studies of anticoagulant therapy produce conflicting results probably because of 
other potential mechanisms, e.g. collateral perfusion failure. 

Thrombol_vric lcagents 
Recent experience with thrombolytic agents, especially recombinant tissue plasminogen 
activator (rTPA) suggests a sustained, significant neurological improvement when initiated 
within a few hours of infarction. Such agents are associated with rapid recanalisation of 
occluded vessels. Randomised clinical trials of rTPA and other thrombolytics are currently 
underway. Experience with streptokinase shows unacceptable risk aE intracranial 
haemorrhage and studies have been suspended. 
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CEREBRAL INFARCTION - MANAGEMENT 

Specific measures (conrd.) 

Decreasinr blood viscosidy 
Improving hydration and venesection lower the haematocrit and reduce blood viscosity, 
thereby increasing cerebra1 blood flow (to a greater extent than the oxygen carrying 
capacity is reduced). Preliminary studies of venesection have produced encouraging results. 
Plasma expanders, low molecular weight dextran and drugs that effect red blood cell 
deformity (pentoxifylline) lower blood viscosity but seem of less value. 

Neuronal rescue 
Experimental work indicates a pathological role for intracellular calcium influx in neuronnl 
injury. Excitatory amino adds - glutamate and glycine - promote calcium influx by acting 
on receptor-mediated membrane channels. (N-mcthyl-D-aspartate-NMDA channels.) The  
N W A  channel has at least 6 sites which may be pharmacologically blocked. Agents such 
as MKBO1, ~ g '  + , CGS-19755 and d-Methorphan have been evaluated in animal modeIs 
and some await evaluation in human clinical trials. Voltage dependent calcium channel 
antagonists (Nimodipine, Diltiazem, Nifedipine and Verapamil) have been assessed, with, 
to date, disappointing results, in large multicentre studies of acute infarction. 

Treatment of aedema 
The degree of concomitant oedema relates to the magnitude of infarction. Oedema 
develops early and may cause ventricular displacement and transtentorial herniadon with 
secondary brain stem damage. Controversy exists as to whether oedema is vasogenjc or 
cytotoxjc (as associated with metabolic encephalopathies), or a mixture of the two. Its 
effective treatment should lower morbidity and mortality but steroids and hyperosrnolar 
agents (e.g, mannitol) have been used with lirde effect on outcome. The  poor response 
probably reff ecrs the 'mixedhature of the oedema. 

Prevention of further stroke 
The recognition of risk factors and their correction to minimise the risk of further events 
forms a necessary and important step in long-term treament. 
- Control hypenension 
- Emphasise the need to stop cigarette smoking 
- Correct lipid abnormality 
- Give platelet antiaggregation drugs (aspirin or in selected cases ticlopidine) to reduce 

the rate of reinfarction 
- Remove or treat embolic source (long term anticoagulation in atrial fibrillation) 
- Treat inflammatory or vascular inflammatory diseases 
- Stop thrornbogenic drugs, e.g, oral contraceptives. 
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TIAS AND MENOR INFARCTION - MANAGEMENT 

The aim of treatment is to prevent subsequent cerebral infarction: 
Establish diagnosis and exclude other pathologies causing transient neurological 
symptoms, e.g. migraine. 
Establish which vessel is involved - carotid territo y ' verrebrobasilar artery. 
Correct predisposing condition. 
Examine patient for evidence of extracranial vascular disease: 
Palpate carotids, upper limb pulses. Auscultate the neck for bruits. 
Check blood pressure in both arms. Examine heart. 

Medical treatment 
General Reduce risk factors as described (page 236)- 

Antipplatelet agents: several studies indicate that aspirin is a useful 

il 
prophylactic in patients with TIAs. The  UK T I A  aspirin trial compared 
placebo with aspirin 1200 mg and aspirin 300 mg per day. Results showed no 
difference between the high and low dose, but both treament groups showed 
an 18% reduction in end points (vascular and non-vascular events and 
mortality). Examination of individual end points - disabling stroke and 
vascular deaths, showed no significant benefit. Despite the possibility tha t  

Specqiic aspirin might predispose to haemorrhagic stroke, the authors recommend that 
a patient requiring prophylaxis for cerebrovascuIar or cardiovascular disease 
should receive aspirin (300 rng per day), provided no contraindications exist 
(e.g. peptic ulcer}. 
Ticlopidine, a new platelet anriaggregant has been compared with aspirin and 
appears slightly more effective, especially in women whose TIAs persist on 
aspirin. 
A nticoaguia rion 
In the absence of atrial fibrillation, there is no evidence that anticoagulated 
TIA patients do more favourably than control groups. 

Surgical treatment 
Carotid endarterectomy was introduced in 1954. Recent trials - European Carotid Surgery 
Trial (ECST) and North American Symptomatic Carotid Endarterectorny Trial 
(NASCET) have defined its role in treaunent. High grade (> 70%) stenosis should be 
operated on by an experienced surgeon. Mild stenosis (< 30%) should be treated with 
antiplatelet drugs. The place of surgery in moderate stenosjs (30%-70%) remains unclear. 
The role of angioplasty with or without 'stenting' is currently being assessed. Trials show 
surgery for asymptomaric carotid disease produces negligible benefit. Most surgery is 
confined to the carotid territory, though osteophytic vertebral artery compression, 
subclavian steal syndrome and vertebral artery origin srenosis are all amenable to surgery. 

Superficial temporal to middle cerebral artery anastomosis (anterior circulation) 
Extracranial-intracranial (EC-IC) bypass aims at enhancing the collateral circulation in parlcnts with catorid or 
middle cerebral artery occlusion to lessen the IikeIihood of furrher ipsilateral infarction. A randomised multicentre 
international study, however, demonstrated that 'bypass was not superior to conscrvacivc rrcament'. Despire many 
criticisms of the trial, rhis procedure has generally been ahsndoned. With the dcvelopment of noninvasive 
techniques for assessing thc intracranial collateral circulation, it 1s stt l l  possible that, with improved patient 
selection, this operation could gain favour in the future. 
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MYPERTENSllON AND CEREBROVASCULAR DISEASE 

Next to age, the most impomnr factor predisposing to ccrcbral infarctian or haemomhage is hypertension. The  
risk is equaI in males and females and is propurcional to the height of blood pressure (diasrnltc and systolic). 

greater vuherabilirv 
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prewure with the 
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The pathological effects of sustained hypcrtcnsion are: 
- Charcot Rouchard microanwrysms 4 I N T R A C E W B M  HAEMORMAGE (from perforating vessels) 
- Accelerated atheroma and thrombus formation - INFARCTION (large vessels) 
- Hyal~nosis and lihrin depoqition - INFARCTTON (lacunes - smalI vcssels) 

HYPERTENSWE ENCEPHALOPATHY 
An acure, usually transient, cerebral syndmme precipitated by sudden severe hypcrtcnsion. The cxcessive blood 
pressure may be due ro mulieplant hyperrension from any muse, or uncontrolled hypertension in gbrnrrulonephr~tis, 
pregnancy (ecIampsia) or phaeochromoc_y~nma. 

The mechanism is complex: Cerebral resistance vessels 

Elevated BP 
(breakthrough 

FORCED DTLATATIOK 
and INCREASED 

MICROlNFARCTION 
PETECHIAL HAEMORRUAGE 

OEDEMA 

Clinical features: Headache and confusion precede convulsions and coma. Papilloedcma with haemorrhages and 
emdates are invariably found. Protclnuria and sign5 of renal and cardiac failure arc common. 
nsupsosis: G T  scanning shows w~despreatf white rnarrer 10%. attenuation and excludes o h c r  pathology. lMRI 
confirms increased hrain water content and SPECT shows hyperperfusion adjacent to these changes. 
Trcormmr: a precipitous fall In hlaod pressurc can result in retinal damage and watershed infarcrlon. GradualIy 
reducc blood pressure with i.v. nitrupmsside ar  hydralazinc. Rcscrve peritoneal dialysis, for resiqtant cases. 
N.B. With treorment full recrnjerJ7 ir uslrai, Wirhout rreatmenr deorh nccrrrs. 

BTNSWANGER'S ENCEPHALOPATHY (Subcortlcal arteriosclerotic encephalopathy - SAE) 
A sore disorder in which progressive dementia nnd pscudobulbar palsy are Periventricular 
associated with diffuse hemisphere demyclination. The CT scan shows areas of 
periventri~ular low attenuation, oitcn also involving the external capsule. The 
pathological changes were previously attributed ro chron~c diffuse oedma, hut 

" attenuation 

thc rcccnt finding of a high plasma viscosiry in these panenrs ~ u g g e s t ~  that this, 
in conjunction with hypertensive small vewel diqease, could produce chronic . f 

irchaemic change in central white matter. 
Subclinical form3 of Lhi~ disease may exist as this CT scan appearance i s  

occasionally fnund in aspnptornntic patients. 
MRI appears more sensitive in establishing radioln@l diaposis. 
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1 LOCAt lSED NEUROLOGICAL DISEASE AND ITS MANAGEMENT A INTRACRANIAL 

DISEASES OF THE VESSEL WALL 

VASCULITIS AND COLLAGEN VASCULAR DISEASES 
These disorders have systemic as we11 as neurological features. Occasionally only the 
nervous system is diseased. 

I 

I Collagen vascular diseases: 
- Systemic lupus erythematosus 
- Rheumatoid arthritis 
- Other connective tissue disorders. 

Vasculitis 
- Vasculitis associated with connective tissue disease. 
- Polyarteritis nodosa (PAN). 
- Allergic angiitis (hypersensitivity vascuiitis). 
- Takayasu's arteritis. 
- Isolated angiitis of the central nervous system (IAC). 
- Giant cell arteritis/Temporal asteritis 
- Churg-Strauss angiitis. 

All the above conditions can result in infarction or haernorrhage. 

Grandomatous vasculitis e.g. Wegener's granulornotosis. 

I 
t Mechanism 
I An immune basis for these disordcrs is likely. 

I r------------ 
Increased IgG forms I ANTIBODY i Reticuloendothelial system 

I IgM -I ANTIGEN 

f I complex 
! - - - - - - - - - - -, If complex large 

/ 
Produced by diszurbed 
immune mechanism in 
response to unspecified 
antigen 

I 

1 
or antigen in excess 

will lodge in 'gaps' between 
/ Lndorhelial cells in vessel 

L/ Results in producdon 
and activates 

C O M P L E M E F \  of lysoenzymcs and 
destruction of vessel wall 

CASCADE with baernorrhage and 

This i s  termed IMMUNE COMPLEX VASCULLTIS. ffbrinoid necrosis 

Indirect immunofluorescent microscopy on biopsy material will demonstrate the 
presence of immune cornplcxcs. 

In  giant cell arteritis and granulomatous vasculitis, cellular immune mechanisms are 
probably ro bIame and vessels are directly attacked. A reaction of autigen with sensitised 
Imphocytes results in Iymphokinc release - attracted mononuclear cells release lysosomal . . 

enzymes with resultant granplama formation. 
261 



LOCALISED NEUROLOGICAL DISEASE AND ITS MANAGEMENT A INTRACRANIAL 

DISEASES OF THE VESSEL WALL 

YASCULITIS AND COLLAGEN VASCULAR DISEASES (contd.) 
In all vascuiitider affecting predominantly large and medium srze vessels, angiography i s  important in establishing 
diagnosis. On MRI the presence of bilateral cortical and subcortical infarction is suggestive. 
SYSTEMIC LUPUS ERYTHEMATOSUS: in 75% of patients nervous system involvement occurs and may 
pscdatc sysremic manifeqrarfon. 
- Psychiatric changc Investigations 
- Dementia Rlood 
- Seizures Elevated ESR and C-reactive protein 
- HEMlPLEGlA Circulating antibodies to nucleopsoreinr e.g, anti-DNA(A3TA) 
- Cranial or peripheral Elcvatcd immunoglobulins 

nerve involvement Deprtssed serum complement levels 
- SPTNAL stroke Prolonged prorhmrnbln time and antiphospholipid antibodies (60%) 
- Involuntary movements. OrIzer 

EEG - difluse disturbance 
Pathology CT!MRI - multiple small intraparenchymal haemorrhages or infarcts 
The predominant CNS finding is CSF - protein clcvatd (Ig), mononuclear cells 
microvascular injury with hyallnisation, Angiography - vessels have beaded appearance 
petivascular lymphocytosis, endorhelial 
proliferation and thrombosis. Actlvc 
vasculitis is rarc. Cardiogenic embolism 
and coaguIopathy (antiphospholipid 
antibodies) are alternative mechanisms 
of stroke. 

Treatment 
Corticosteroids in moderate dosage. In  patients with scvcre or fulminant disease, irnmunosupprcssants and plasma 
exchange may help. 
PQLYARTERTTIS NODOSA 
Neurolopcal ~nvoIvement is common (80%): Small and medium site arteries ate afftcred. 
- HEMIPLEGIA - microinfarcnon 
- INTRACRANIAL HAEMORRHAGE - aneurysm formation 
- SPINAL INFAKCTION or HAEMORRHAGE 
- Peripheral nerve involvemenr (mononeuritis multiplex) 

I mterstitial keratitir I progressing to 
- 'Cogan's' syndromc dcafncss -P sc~zures/strokelcoma 

Hyptnmslon and renal invo~vement arc common. 

Investigations 
Blood 

Elevated ESR and C-reactive protein 
Anacmia 
Leukocyto%is 
EosinophiIia 
Anrinuclear cytoplasmic antibodies {ANCA) 
Circularing immune complexes 
IgM rheumatoid factor 

Other 
B i o p ~  - renal or peripheral nerve 

- necrotic veascl 
- lumen diminished 
- leumcytes and eosinophils in necrotic 

media and advcntitla 

CTlMRJ as in systemic lupus eryhmatosus 
A n ~ i o ~ r a p h y .  Multiple irregularities and micro-aneurysm 

formation. These changes can be vlsible 
on MRA 

Treatment 
Steroids and immunosuppressant therapy have dramatically irnprovcd outcomc (60% 5-year survival). 
Plasrnapheresis is successful in acute cases. 
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DISEASES OF THE VESSEL WALL 

VASCULZTIS AND COLLAGEN VASCULAR DISEASES (contd.) 
ALLERGIC ANGnTIS (Hypersensirivity vasculitis) 
Intercurrent illnesses (infection or neoplasia) trigger immune complex deposition on basement membranes of 
capillarim and venulcs. Systemic symptoms - rash, fever and arthralgia are associated with multiorgan 
involvement. Neurological features - wuropathy, stroke-likc syndromes - occur in 30% of patients. Investigations 
suggest systcmic upset - elevated ESR, anaemia, leukopaenia. Skin biopsy confirms peri-venular inflammation. 
Treatment of underlying infcction and stetoids produce rapid improvement. 

TAKAYASU'S (PULSELESS) DISEASE 
A giant cell artcritis involving rhe aorta and its major branches. Predorninanrlg affects Asian females in third or 
fourth decadcs. 
Synrproms : Diagno.k: 
- Non-specific - fwer, h r a l g i a s  and myalgia Steraids are useful initially. T h e  role of surgical 
- Vascular - mymardial ischaemia, peripheral remnstruflion of occluded ve.ssels is uncertain 

vascular diseast 
- Nwrologiml vascular TIAS (including subclavian 

stcal), strokes and dementia. 

ISOLATED ANGTmS OF CENTRAL NERVOUS SYSTEM 
Svstcrnic symptoms m d  laboratory evidence of genesalised vasculitis are alrso~r. 
Presentation with headaches~seizures/encephalopathy and stroke 
Diagmsis: Treatment: 
Condition should be home in mind in atypical stroke Prognosis often dismal. 
- CSF shows l~mphncytes Stemids and qclophosphamide 
- MRI, multiple ischaemic changes may product remission. 
- Angiography, beading (mult~plc narrow segments) 

on inrracranial artdsies 
- M ~ n i n ~ e a i  biopsy. 

GIANT CELL ARTERITIS (see page 69) 

ClWRG S'SRAUSS ANGWI7S 
A distinctive syndrome of eosinophilia, pulmonary infiltrates, neuropnthy and encephalopathy or stroke. Relatcd to 
polyarreritis node=, steroid respnmive. Other irnmunnsupprcssants e.E. cyclophospharnide in re~istant cases. 

GRAh'UI.OMATOUS YASCULmS/WfZGENERS GRANULOMATOSIS 
A rare disorder, most Frequenr in males aged 20-50 years. 

Upper or lower respiratory tract granuloma Neurologlcd involvement 
is associated with gIomcrulonephrirfs - direct granuZornatnus invasion 
Small arteries and capillaries are affected nf skull base (cranial nerve palsies, 

vrsual failure from chiasrnal 
compression) 

- Stroke-hkc symptoms From vasculitis. 

D i a p o ~ i s :  Treatmenl: 
- Elevated ESR and 6-reactive protein (CRY) - Irnrnunosuppreasion: steroids and 
- Elevated immunoglobulins cyclophonphamide 
- Impaired renal function - Surgical dccompressinn of 
- Radiological findings: Chest and sinuses: granuloma mass granulomas occasionally required. 

MRI (cranium) ~ a n u l o m a  mass or 
vasculitis. 



LOCALISED NEUROLOGICAL DISEASE AND ITS MANAGEMENT A INTRACRANIAL 

DISEASES OF THE BLOOD 

Disorders of the blood may manifest themselves as 'strokc-like' svndromes. Examination of the peripheral blond 
film is an imporrant investigation in cerehrovascuEar disease. Where rndicatcd, morc extensive haernatologicaI 
investigstlon i% necessary. 

DISSEMINATED INTRAVASCULAR COAGULATION (DIC) 
A consequence of: 

Sepsis Acute intravascular A bleeding tendency with 
Pregnancy results in coagulation leading to haernorrhage into skin and 
Malignancy - Consuming plarelets t organs including the 
lrnrnunc reactions and clortlng Factor NERVOUS SYSTEM. 

Neumlo~'caf involvement - a diffuse fluctuating encephalopathy, subarachnoid or subdural hacmorrhage. 

Diagffosir confirmed by - low platelet count -prolonged profirombin time, elevated fibrin degradation products 
and reduced fibrin~gen levels. 

Treamenr 
Hepann. Fresh frozen plamalvitnrnin K. Trmrment of underlying causc. 

HAEMOGEOBINOPRTHIES 
Thesc arc genetically determined disorders in which abnormal haemoglobin is prcsent in red blood cells 

Sickle celF disease 
This disorder is common in Negro populations and also occurs sporadically throughout the Mcditcmnean and 
Middlc East region, 

The patient is of small stature, usually wirh chronic leg ulcers, cardiomegaly and hcpatosplenomegaly. When 
arterial oxygcn saturation is reduced, 'sickling' will occur, manifcsted clinically by abdominal painhone pain. 

Neurolo~cal involvement - hemiparesis, optic atrophy, subarachnoid haernorrhage. 

Dikpzosis is confirmed in vitro by the 'sickling' of cells when QZ tension is reduced and by haemoglobin 
electrophoresis. 

Treatment 
Analgrsics for pain 
O2 therapy, or hvperbaric 02. 
exchange transfusion should 
be carried out for those with 
a sevcre or pmpessivc deficit. 

SickIe celir rbc 

RNTIMTOSPHOLTPm ANTIBODIES 
Thcse IgB or IgM antibodies prolong prothrombin time and appear to be associated wirh thrombotic srmke. 
Thcrc rcrnains uncertainty as to whether they are caused or represent a transient non-specific 'amre phase' 
reaction to illness. Such antibodies can be found in patients with systemic lupuv erythernainsus. 

ANTITIfROMBTN m, PROTEIN C and PROTEM S DEFICIENCY 
Deficiency of any of these circulating antithrombotic fibrinolpic agents can result in deep venous thrombosis, 
pulmanary ernholigm or thrombotic stroke. 
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DISEASES OF THE 'BLOOD 

POLYCYTHAEMIA 
Both polymhaemia ruhra Vera (primary) and secondary pofvcyrhaemia may result in neurological involvement - 
increased viscosity results in reduced cerebral blood flow and an increaspd tendency towards rhrombosis. 

Headaches, v~sual blurring and venigo ate common neumlogical symptoms. 
Tranfient ischacmic attacks and thrombotic cerebral mfarction occur. 

Ddaposis 
Hb and PCV are elevated. 
Pr im~ry polycythaernia ir confirmed by increased red cell count, white blood count and platelets. 
Semndary polycyrhaem~a - respiratorv, renal or congenital heart disease are musai. 
Treatment 
Yenesccrion with replacement of volume with low molecular weight dextran. 
Antimitotic drugs may also be used when polycythacmia i s  due to rnyeloproliferativc disease. 

AE~~HRGAMMAGLOBULINAEIMIA 
.4n increase In serum gamma globulin may arire es a primwy event or secondary to leukaania, myeloma, amyloid. 
.Ver~roln+ol involvement develops in 20% of cases - d u t  to increased viscosity. 
Clinical features are s~rniIar to thnse of polycythaemia - peripheral nervous system involvcrnent may also occur. 
Diugnons is confirmed hy prntein electrophoresis. 
Trcurm~.nt - underly~ng cause - plasmaphc-resis. 

THROMROTIC THROMBOCYTOPETYlC PURPURR ( s y n :  Moschkowitz's syndrome) 
Thrs is a fibrinoid degeneratnun of the subinrirnal srrucntres of small blood vessels. Lesions occur in aIl organs 
including the bran. 
Climcol featnares - fever with purpura and mvldorgan involvement and neumlogiml featurcs of diffusc 
encephalopathy or massive intracranial haernorrhagc. 

Haemolytic anaemia, haematurla and hornbocytopenia are the main laboratory features. 
Trtarmcnr 
Hcparin, steroldr ~ n d  plarcIet inhibitors may be of value. 

THROMBOCYTOPEMA 
R%ethm. idiopathic, drug-induced or due to mycloproliferative disorders, this condition may be associated wirh 
cn~racranial haernnrrhage. 

THROMROCYTOSlS 
This i s  an elevafien in plateler count above 6000M) per mm3. It may be pan of a myeloprolifcrative disorder, or 
'rcacrive' to chronic infection. Patients present with r m r r e n t  rhrambntic episodes. 
Trecrtnmr 
Aspir~n in mild cases; plasmapheresis and ant~rnitotic drugs if mure rrwere. 

HYPERFIBRINOGENR~M 
Serum tihrinugcn 1s occasionally elevated in people with ccrehrovascular diteaae. This enhances coagulation and 
raises blnod vrscosity. Infection, pregnancy, malignancy and smoking all raisc fibrinogen and may explain in part 
the increased risk of cerebral infarction. Arvin (,Malayan viper venom) acutely l o w m  scrum levels. 
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CEREBROVASCULAR DISEASE - VENOUS THROMBOSIS 

The  venous sinuses are important in CSF absorption, with arachnoid villi invaginating the 
sagittal sinus in particular. Thrombotic ocdusion of the venous system occurs with 
-head trauma 
-infection 
-dehydration 
-pregnancy, puerperium and pi11 
-coagulation disorders 
-malignant meningitis 
-miscellaneous disorders 

e.g. sarcoid, Beqhers 
Improved imaging (MRI) has resulted 
in increased recognition. Venous infarc 
accounts for 1 % of all ksrokcs'. 

- . Cortical veins 

-- -- Superior 

sagittal sinus 

Superficial 
middle cerebral 

- 
ion Sigmoid sinus 

The cerebral venous system 

Superior sagittal and lateral sinus thrombosis (85% of cases) 
Impaired CSF drainage results in headache, papilloedema and impaired consciousness. 
Venous infarction produces seizures and focal deficits (e.g, hemiplegia). 
Diaposis is suggested by venous 
(nonarterial territory) infarction and 
'empty delta' sign (following contrast - I 
the wall of the sinus enhances but not I MR angiogram 

the central thrombus on CT) and showing virtual 

confirmed by occlusion of filling deficit occlusion of the 

on M R  angiographyl~enograph~. superior sagittal 
Outcome is variable; benign intracranial sinus 

% 
hypertension may develop (p. 364). 
A thorough search far causation - I 
coagulation screen, drug history and 
underlying systemic illness - essential. 
Treatment: 
The role of heparin remains uncertain and is currently being evaluated. 

Deep cerebral venous thrombosis (10% of cases) 
This produces venous infarction of the basal ganglion and other subcortical structures. 
Presentation with similar features; diagnosis can only be established by imaging (CTI 
MRI and MRV). The  role of heparin is again uncenain. 

Cavernous sinus thrombosis (5% of cases) 
Commonly results from infection spreading from the 
jaw through draining veins or paranasal sinuses. 
Painful ophthalmoplegia, proptosis and chemosis with 

oedema of periorbital structures are associated with 
facia1 numbness and fever. The disorder may be 
bilateral. Base diagnosis on clinical suspicion 
supported by venography. Treamcnt with 
antibiotics and if indicated, sinus drainage. 
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CEREBROVASCULAR DllSEASE - UNUSUAL FORMS 

ABNORMALITIES OF EXTRACRANLAL VESSELS 
FIBROMUSCULAR DYSPLAStA I- E Dilated 

This disease involves inuacranial as well as 
I and narrowed 

extracranial vessels which appear likc a 'string of segments of 
beads" The patient prcscnts with infarction as a vessel. Produced 
result of thrombotic occtusion or haernnrshage from 
an associated ~accular aneurysm, of which h e r e  rs an by fibrosis of the 

increased ritk. Transluminal angioplasty can 6r: used lamina media. 
to dilate a stcnotic segment. 

SPONTANEOUS ARTERIAL DTS SECTION 
Extracranial and intracrrnial disgections are an underdiagnosed cause of stroke in young pcrsons. Spontaneous 
dissection? occur in Marfan's syndrome, fibromuscular dysplasia, migraine and hvpertension. Pathological 
examination often revears cystic degeneration or necrnsis nf the med~a. 

TRAUMA TO CAROTID AND VERTEBRAL VESSELS 

=el Internal carotid 
artery dissection 

A dirtct blow to the ncck, a sustained tight grip around thc ncck or a hyp~rextension 
injury may pmduce an intirnal tear of thr extramania1 vessels. Thir may lead to 
d~ssecnon and occlu~ion. 

The  vertebral artcrics arc particularly susceptible to trauma in view of their close 
relationship to thc cervical spine a t  intervertebral foramina, thc atlanto-axial p int  and 
rhe occipito-atlantal joint. Carotid dissection may present with a painful isolated 
Hamer's syndrome. 

Angiagraphy w11I confirm, and exploration andlor anticoagulmr rherapy may halt thrombus formarion. 

CERVICAL RIB 
Pressure from a cervical rib can rwult in 
aneurysmal formation in the suhcEavian 
artcry with endoothelial damage, hornbus 
formarion and emholisation down thc arm 
or retrograde thrombus spread and 
ernhoIisation ro the vcrtcbral and common 
carorid arteries. 

INFLAMMATORY VESSEL OCCLUSION 
Infection in structure? close to the casotid 
mery can result in inflammatory change 
in the vessel wall and sccandary 
thrombosis. In children, infection in the 
retmpharyngeal fossa (tonsillar infecrion) mag 
cause cerebral infarction. Meningitis (eapec~ally 
pneumococcal) may result in secondary 
arccritis and ~ c l u s i o n  of intraccrcbral 
vessels aq they cross the subarachnoid space. 

MOKAMOYA DISEASE 
Bilateral occlusion of' thc carotid artery at the siphon is followcd by the development of a fine network of collateral 
arteries and arterioles a t  thc base of the brain. Thiq may be a congenital or acquired disorder aqsociatcd with 
previous rneninglus, oral contraception or granulomatous discasc (c.g. sarcoidosis). Children prEStrIt with 
alrernating hcmlplegia, adults with subarachnoid haernorrhagc. There is no specrfic truatmcnt rhough some use 
surgical rwasculari~arion procedures. 

HOMOCYSTLFfURCA 
A rcctssivcly inherited disorder. Accumulation of hornocyqtine in blood damages endorhelium and induces 
premature occlusive arterial direare. The sign~ficance of rhe hetemtvgote swtc i s  uncertain. 

M n A S  
Scc Mitochondria1 disnrders (page 4h2) 
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CEREBROVASCUPAR DISEASE-IMTRACEREBRAL HAEMORRHAGE 

By definition, "intracerebra1 
haemorrhagc' occurs within the Intraventricular 
brain substance, but rupture 
through to the cortical surface 
may produce associated 
'subarachnoid' bleeding. When 
the haemorrhage occurs deep 
in the hemisphere, rupture into 
the ventricular system is 
common. 

haemarrl 

lntracerebral - haematoma 

Subarachnoid 
haemorrhage 

CAUSES 
Hypertension Coagulation disorders e.g. hacmophilia 
Amyloid vasculopathy Anticoagulants 
Aneurysm Vasm! ttis 
Aneriovenous malformation, Drug abuse e.g. cocainc 
Neoplasm Trauma 

Idiopathic 

In autopsy series, hypertension accounts for 40-50% of patients dying from non- 
traumatic haematomas. In hypertensive patients, hyalinisation within the walls of small 
cerebral vessels results in the formation of 'microaneurysms'. These are small outpouchings 
or local ectatic dilatations less than E rnm in size, as initially described by Charcot and 
Bouchard. They rend to arise on intraparenchymal perforating vessels; rupture therefore 
occurs within the brain substance. In nomotensive patients without any evident 
underlying pathology zhe cause remains unknown, but cryptic arteriovenour malJormations 
are suspect especialIy in younger patients (i.e. less than 40 years) and when the haematoma 
is 'lobar' (i.e. frontal, temporal, parieto-occipital). In these patients, the haematoma may 
temporarily or permanently obliterate the lesion. Reinvestigation foIEowing haematoma 
resolution occasionally reveals previously undetected rnaIformations. In the nomotensive 
eIderIy patient, subcottical haematomas are commonly associated with amyloid 
vasculopathy, a degenerative disorder affecting the walls of arteries. 

PATHOLOGECAL EFFECTS 

,,- Space-occupying effect - brain shift. 

e ,- 48 hours after the bleed, rhe  haematorna directly 
affects the adjacent brain substance producing a 
Iayer of necrosis surrounded by perivascular 
bleeding. 

Oedema is seldom a prominent feature. 

Haemaroma resolution occurs in 4-8 wceks, 
leaving a cystic cavity. 
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INTRACEREBRAL HAEMORRMAGE 

SITES In narmorcnsive 
In hypertensive parienrs, patients: 
up to 70% occur in the 
basal ganglia!thalarnic 
region. 

occipital 

CLINICAL EJTECTS 

Mass effect: Sudden onset of headache followed by either a rapid 

SUPRATENTORIAL < loss of consciousness or a gradual deterioration in 

HAEMATOMA 
conscious level over 24-48 hours. 

Focal signs: Hemiparesis, hemisensory loss and homonymous 
hemianopia are common. The patient may be aware of 
limb weakness developing prior to losing consciousness. 
A I1 I nerve palsy indicates transtentorial herniation. 

CEREBELLAR - Sudden onset of headache with subsequent effects developing either 
HAEMATOMA acutely Or subacutely - 

Cerebellar and brainstem symptoms and signs, e.g, severe ataxia, 
dysarthria, nystagmus, vertigo and vomiting 
CSF obstruction 4 hydrocephalus with symptoms and signs of 
T ICP. 

PONTINE - Sudden loss of consciousness 
HAEMTOMA QuadrapIegia 

Respiratory irregularities + slowed respiration 
Pinpoint pupils, pyrexia 
Skewed(dpsconjugate eye movements 
Dearh often follows. 

INVESTIGATIONS 
A CT scan determines the exact site and size of the haematorna and excludes other 
pathologies. 

-. Look for 
I- lntracerebral "\ hydrocephalus ,- 

haematoma " on higher 
- (basai ganglia) , cuts '""I 

" 

P' P - Pontina 
High density 1 $- Cerebellar haernatoma 
area without 

+. haernatoma 
contrast enhancement 

Andovaphy 
- Performed immediately if clinical state requires urgent operation, to identify a possible 
arteriovenous malformation or aneurysm. 
- Otherwise delayed until condition improves and the haernatoma resolves, unless age and 
medical condition precludes further management. 
In patients with negative angiography, a late MRI may demonstrate a CAmRNOUS 
ANGTOMA (see page 288). 269 
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INTRACEREBRAL HAEMORRHAGE 

MANAGEMENT 
Supratentorial haematoma 
In 196 1 a controlled study of 
conservative versus operative 
evacuation of intracerebral haernatomas 
(through a craniatomy flap) showed no 
difference in outcome (McKissock et al) 
and as a result many surgeons adopted 
a conservative approach. 

More recent srudies suggest that in 
selected patients, operative 
decompression is worthwhile. In  
general, hamatoma evacuation is 
indicated in patients who deteriorate 
gradually from the 'mass' effect, 
especiaI1y when the lesion lies 
superficially; operation will not benefit 
moribund patients, i . ~ .  patients 
extending to painful stimuli with no 
pupil reaction. 

PROGNOSIS 
Poor prognostic features 
- Large, decp lesions (basal ganglialthalamic) 
- Depth of conscious level (flexion or 

extension to painful stimuli). 
Good prognostic factors 
- small superficia1 lesions (i.e, frontal, 

temporal or parieto-occipital) 
- conscious patients or patients IocaIising ro 

painful stimuli. 

The overall mortality ranges from 5&65% 
(90% if the patient is in coma). 

Cerebellar haematoma: 
Small haernatomas causing minimal effects may be managed conservatively. Otherwise, 
urgent evacuation through a suboccipital craniectomy is required. Relief of brain stem 
compression may bc life saving and operative morbidity is low. 
The overall mortaIiry is approximately 30%. 

Pantine haernorrhage 
The mortality from pontine haernomhage is high. A conservative approach is usually 
adopted although some advocate operative exploration. 

m R A V E N m I C u L A R  SZAEMORRHAGE 
Haemorrhage into the ventricles causes a sudden loss of consciousness. With a large bleed, 
death may follow from the pressure transmission from within the ventricular system. Blood 
in the ventricles does not in itself cause damage and, following clot resolution, complete 
recovery may occur. 

No treatment is required; attempts at flushing out the ventricles usually fail. If  the blood 
'cast' causes obstructive hydrocephalus, then ventricular drainage (although hampered by 
the presence of blood) is indicated. 
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1 
SUBARACMNOFD HAEMORRHAGE (SAH) 

Intracranial vessels lie in the 
subarachnoid space and give off 
small perforating branches to 
the brain tissue. BIeeding from 
these vessels or from an 
associated aneurysm occurs 
primarily into this space. Some 
intra-cranial aneurysms are 
imbedded within the brain 
tissue and their rupture causes 
intracerebral bleeding with or 
without sub-arachnoid 
haemorrhage. 

.. - 

Dura -= -_ 

Subarachnoid 

I Occasionally the arachnoid layer gives way and a subdural haernatoma results. 

i TNCrnENCE 
Subarachnoid haernorrhage occurs in approximately 10-1 5 per 100 000 per year. 

I 
I CAUSE 

Cerebral aneurysms are the most frequent cause 
of subarachnoid haernorrhage, with 
artetiovenous malformations accounting for 6%. 

In some patients detailed investigation fails to 
I reveal a source of the haemorrhage. 

Hypertension may account for some. Crypric 
arterinvenous malformations or small 
rhrombosed aneurysms may contribute to the 

t remainder. 

CAUSES OF SAH 
A pprox. 
incidence 

Aneurysm 70-75% 
A-V malformations 5% 
Bleeding diathesis 1 

I Anticoagulants 
Turnours 

I Vasculitis J 
I Undefined 

15% 

I 

SYMPTOMS AND SIGNS 
e The severity of the symptoms is related to the severity of the bleed. 

Usually the headache is sevwe and the onset instantaneous (often described as a 'blow to 
the head'). A transient or prolonged loss of consciousness or epilepric seizure may immediateIy 

I follow. Nausea and vomiting commonly occur. Symptoms continue for many days. 
OccasionaIIy , the headache is mild (although still instantaneous) and may represent a 

'warning leak' of blood before a major bleed. 

Signs of meningisrn develop after 1-12 hours f 1, 
I I 

t 
Kernig's sign: srretching nerve 
roots by extending the knee 
causes pain. 
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-. 

SUBARACHNOID HAEMORRHAGE 

SYMPTOMS AND SIGNS (conrd) 
Corna or depressinn nf conscinzrs level may result from the direct effect of the subarachnoid 

haemorrhage or from the mass effect of an associated intracerebral haematoma. 
Focal damage from a haematoma will produce focal s i ~ n s ,  e.g. limb weakness, dysphasja. 

The presence of a I11 nerve palsy indicates either transtentorial herniation or direct nerve 
damage from a posterior communicating artery (or rarely from a basilar artery aneurysm). 

Epileps_y frequently occurs and may mask other features. 
Fundus examination may reveal papilloedel~ra or a subhyaloid or aitrenus haemorrhare 

caused by  the sudden rise in inrracranial pressure. 
A 'reactive hyper~msion' commonly develops, i.e. a rise in RP in patients with no 

evidence of pre-existing hypertension, and takes several days to return to normal levels. 
Pyrexia is also a common finding; if severe and fluctuating, it may reflect ischaemic 

hypothalamic damage. 

INVESTIGATIVE APPROACH 
Lumbar puncture establishes the diagnosis of subarachnoid haemorrhage, but in patients 
with a mass lesion, lumbar puncture could precipitate transtentorial herniation. 

SUSPECTED S A H  7 

CT negative (if CT scanning is not immediately CT positive 
available) 

alert, orientated patient patient with alert and 
1 without focal signs impaired conscious level orientated 

or with focal signs 

I 
LUMBAR PUNCTURE LUMBAR l'UhTCTLTRE 
(> 6 hours from onset) CONTRAINDICATED 

\ Un$oiprrh. blond-.mined 
Clear or 
(Negative \ 'xanthochromic' - itrow colozired spectrophotornetrv) 

supernatant. 

neurosurgical 
referral 

4 due to breakdown products of Hb, 
No further provided at least 6 hours have 
investigation elapsed since the onset 1 

Confirms SAH 

I 
usually within 12 hours) 
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SUBARACHNOID HAEMORRHAGE 

INVESTIGATIVE APPROACH (conrd) 
Age limit for neuros~p-gica! referra!: Although mortality and morbidity increase with age, 
with modern anaesthetic and operative techniques, many surgeons may even consider 
patients even over the age of 70 for further investigation with a view to operation, provided 
their clinicaI state is satisfactory. 

CT Scan .,. i - . . 
Confirms the diagnosis of SAH in 95 O/O (if within 48 hours of the bleed). 

Blood may be widely di~irribrdted - over the 
- throughout the cortic'cal sulci 

basal cisterns, p i i h  
Sylvian and 4+"-% 
interhemispheric - 
J:.  rr~ures - within the 

venrricular 
system 

or more localised aiding identification of the site of the 
ruptured aneurysm 

#--'v n g - .  . , 
1 - within the 

e.g. - within interhemispheric - 
a Sylvian fissure - fissure - 
middle cerebra1 anterior I 

aneurysm communicating 
aneurysm 

C T  also identifies other associated lesions 
- hvdrocephalus 
- intracerebral haematoma 
- rumour 
- arteriovenous malformation 

Blood restricted to  the interpeduncular region and not extending 
into the lateral SyEvian or interhemispheric fissures (i.e. a 

I "  

'perimesencephalic' pattern) is usually associated with a 
negative angiogram, bur angiography is still required .. - d 
to exclude a basilar aneurysm. 

MPU scan 
Not routinely used, but in patients with multiple aneurysms, MRI performed several days 
after the bleed may provide grearer sensitivity than C T  in detecting small areas of 
subarachnoid clot and help determine the particular lesion responsible. 

Angiography 
Angiography is usua1Iy carried out at the earliest convenience, although in patients in poor 
clinical condition, the cIinician may prefer to delav investigation until improvement has 
occurred. If a patient deteriorates from the mass effect of an intracsanial haematoma, then 
emergency angiography is required prior to any decompressive operation. 273 
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SUBARACHNOID HAEMORRHAGE 

Angiography (conrd) 
Eour-vessel aqiography is usually performed in all patients. 
Antero-posterior, lateral and obliqtre views are required for each vessel. 

Carotid angiagram - lateral view 
Look for aneurysms 
at vessel bifurcations Look for arreriovenozts malformations 
around the circle of Wil bnomal leash of blood 
on the middle cerebral -, ,r' vessels dcmanstratcd 
and pericallosal vessels, ' x  in the arterial phase. 
and on the vertebral N.B. SmalI AVMs are 

artery at the posterior difficult 10 detect and 
inferior cerebellar only early filling of a 

artery origin. vein may draw atten- 
(Mycotic aneurysms tion to &eir prcsencc, 
lie more pwipherally.) 

Beware mistaking a vessel loop 
seen end-on for an aneurysm - an 

Note 'spasm' of an arterial segment, aneurysm will be evident on more 

usually near a ruptured aneurysm, than one view, e.g. lateral and 

although it may be distant or diffuse. oblique. 

MAGNETIC RESONANCE ANGIOGRAPHY (MRA) is a useful noninvasive technique for 
demonstrating intracraninl aneurysms (see page 411, but the resolution is still insufficient 
to ensure that small aneurysms are not missed. 

Negative angiography 
Angiography fails to reveal a source of the subarachnoid haernomhage in approximately 
20'' of patients. Tn the presence of arterial spasm, seduction in Row may prevent the 
demonstration of an aneurysm and repeat angiography may be required a t  a later date. 

Prognosis: In  patients with a 'perimesencephalic' pattern of haemorrhage on C T  scan and 
with negative angiography, the outlook is excellent; those patients with an 'aneurysmal' 
pattern with blood lying in the interhemispheric or Sylvian fissure still run a risk of 
sebleeding. 

N.B. Rupture of a spinal angioma also results in SAH - if fie patient's pain begins in the 
back before spreading to the head, or if any features of cord compression are apparent, 
then myelography should be the preliminary investigation (see page 409). 
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CEREBRAL ANEURYSMS 

INCIDENCE 
At autopsy intracrmial aneurysms ase found in approximately 1% of the population. 
Aneurysm rnpture occurs in 6 1 2  per 100 000 per year 
Female: male = 3:2 

I 
c40 years, male > females 

but this ratio varies with age - >40 years, females > males 

Inheritance: familial occurrence is occasionally seen and is probably associated with 
procollagen IIT deficiency, although other factors may be involved. 
Age: rupture is most common between 40 and 60 years but can occur in any age group, 
though rarely in children. 

Fundus 
MORPHOLOGY 
Intracranial aneurysms are usually saccrdar, - - - - - -, - - - - - - - _ 
occurring at vessel bifurcations. 

Size varies from a few millirnetres to several cenrimetres. 
Those Over 2.5 cm are termed 'giant' aneurysms. 

( Fusiform dialatiota and ectasia of the carotid and 
the basilar artery may follow atherosclerotic 
damage. These aneurysms seldom rupture. \ Blood flow 

Mycoric aneurysms, secondary to vessel wall infection, arise from 
haematogenous spread, e.g. subacute bacterial endocarditis. 

Aneurysm rupture: usually occurs at the fundus of the aneurysm and the risk appears to 
be rdated to size; rupture seldom occurs unril the aneurysm is over 6 mrn in diameter. In 
some patients, rupture occurs during exertion, straining or coitus, but in many there is no 
associated relationship. Giant aneurysms surprisingly are less likeIy to rupture, probably 
due to multiple layers of thrombus reinforcing the inner wall. 

Sites of saccular aneurysm 
n f ' - - l  

2CL25 % 
Middle cerebral artcry 
trifurcation and 
bifurcation 

10% 
Posterior circulation : < Basilar artery 

Posterior inferior 
cerebellar artery 

35-40" / 
Anterior 
cerebral \ 
artery 

.30% 
Internal / 

artery 

Anterior 
communicating 

artery 
(Pericallosal artery) 

Posterior 
communicating 

artery 
Carotid bifurcation 
(Anterior choroidal 

art erv) 
(Ophthalmic artery) 

MttlripIe aneurysrnx: in approximately 30% of patients with aneurysmal SAH, more than 
one aneurysm is demonstrated on angiography. 
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CEREBRAL ANEURYSMS 

PATHOGENESIS 
T h e  exact cause of aneurysm formation may be multifactorial. 

Artery .- 
Aneurysms were once thought to be 'congenital' due to 

-the finding of developmendal defects in the rtlnica media. 
These defects occur at the apex of vessel bifurcation as 

elastic ---- 
do aneurysms, but they are also found in many 
extracranial vessels as well as intracmnial vessels; 
saccular aneurysms in contrast are seldom found 
outwith the skull. Tunica media defects are often 
evident in children, yet aneurysms are rare in this age 
group, I t  now appears that defects of the internal elastic 
lamina are more important in aneurysm formation and 
hese are probably related ta arteriosclerotic damage. 

Aneurysms often form at sites of kaemod-vnamic stress 
y where for example, a congenitally hypopIastic vessel 

# .. 
p leads to excessive flow in an adjacent artery. 

Wall thinnest at fundus Hypertmnon may play a role; more than haIf the 
patients with ruptured aneurysm have pre-existing 
evidence of raised blood pressure. (Aneurysm formation 
is common in patients with hypertension from 
coarctation of the aorta.) 

CLMCAL PRESENTATION 
Of those patients with intracrmiat aneurysms, 90% presenting to neurosurgeons have SAW 
and 7% have symptoms or signs from compression of adjacent structures. T h e  remainder 
are found incidentally. 
1. Rupture (90%). 
The features of SAH have already been described in detail (page 271); they include sudden 
onset of headache, vomiting, neck stiffness, loss of cansciousness, focal signs and epilepsy. 

Since the severity of the haemorrhage relates to the patient's clinical state and this in 
turn relates to outcomc, much empha~is has been placed on categosising patients into 5 
level grading systems, c.g. Hunt and Hess, Nishioka. Recently a new scale has been formed 
and appravcd by the World Federation of Neurosurgeons, incorporating the Glasgow 
Coma Scale (page 29): 

Glas~ow 
Wms Coma 
Grade Score Motor deficit 
I I5 abscnt 
I I  1 4 1 3  absent 
IJI 1 4 1 3  prescnt 
IV 12-7 prescnt or abscnt 
Y &? present or absent 

Glasgow Coma Score 
eye opening 1-4 e.g. nn eyt opening (1) 
vcrbal response 1-5 no verbal response (1  j 1 
motor response - 1 4  spastic flexion to pain (3) 

3-15 = 5 

ah i s  grading scale correlates well with final nutcome and provides a prognostic index for the clinician. In 
276 addition, ir ~wables marching of patient groups before cornpanng rhe effect% of different management techniques. 
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CEREBRAL ANEURYSMS 

CLINICAL PRESENTATION (conrdj 

2. Compression from aneurysm sac (7%) 
A large internal carotid artery aneurysm (or anterior commu~licarin~ artery aneurysm) may 
compress - 

the optic nerve or chiasma 
producing a I\, 

the pituitary stalk , aisraal field defect :\, 
or hypothalamus k k  .. '. 

\ causing -. 
hypopituitarism 

. ' ' ,  ~ntracouernous 
aneuryspas may 

aneurysm may 

'- first trigeminal 

limb 
I weakness or I I producing 

/ I impaired c-ve / I ophthalrnoplegia 
moveslaenzs f I 

1 I and. facial pain 
/ 

/ Cavernous 
I sinus 

A posterior communicatin~ artery aneurysm 
may produce a I I I  nerve palsy. This indicates 
aneurysm expansion and rhe need for urgent 
treament, Alternatively, it occurs concurrent 
with SAH. 

3. Incidental finding (3%) 
Angiography performed for rcasons other than SAH, e.g. investigation of ischaemic or 
neoplastic disease, occasionally reveals previously undetected aneurysms. 
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CEREBRAL ANEURYSMS 

NATURAL HISTORY OF RUPTURED ANEURYSM 

Of 100 patients with aneurysmal SAH 
treaud conservariuely 1 ' 15 die before reaching hospital 

85 

1 ' 15 die in first 24 hours in hospital 
24 hours - 70 - - - - - - - - - - - - - - - - - - -- 

1 ' 15 die between 24 hours and 2 weeks 
2 weeks - 5 5  - - - - - - - - - - - - - - - -- -- 

1 ' 15 die between 2 weeks and 2 months 
2 months-& - - - - - - - - - - - - - - - - - - - 

1 '15 die berween 2 rnonrhs and 2 years 
2 years - - 25 - - - - - - - - - - - - - - - - - - - 

COMPLICATIONS OF ANEURYSMAL SAH 

SAH from ruptured aneurysm 
carries a high initial mortality 
risk which gradually decIines 
with time. Of those who survive 
the initial bleed, rebleeding and 
cerebral infarction (see below) 
are the major causes of dearh. 

These figures are based on 
studies of conservative treatment 
carried out in t h e  1960s, at  a time 

I 
when the risks of operation were 
greater and benefits uncertain. 

1 

INTRACRANIAL EXTRACRANIAL 

- Rebleeding - Myocardial infarction 
- Cerebral ischaemialinfarction - Cardiac arrhythmias 
- Hydrocephalus - Pulmonary oedema 
- 'Expanding' haematoma - Gastric haemorrhage (stress ulcer]. 
- Epilepsy. 



LOCALISED NEUROLOGICAL DISEASE AYD ITS MANAGEMENT A INTFIACRANIAL 

CEREBRAL ANEURYSMS - COMPLICATIONS 

REBLEEDING 
Rebleeding is a major problem following aneurysmal SAH. In the first 28 days (in 
rintreated patients), approximately 30°/0 of patients would rebleed; of these 70% die. In the 
EuIlowing few months thc risk gradually falls off but it never drops beIow 3.5% per pear. 

Percentage 
chance of 

Percentage rebleeding 
chance of 40 per year, in 
rebleeding the  subsequent 
within decade 
first 20 
6 months 
of the 
ictus 0 I l i i l I I  f l 2 1 t 1 1 1 1 1 l  

I) 20 40 60 80 2 4 6 8 111 

Days since first bleed Years since first bleed 

Adapted from Winn, Richardson, Jane I977 
h n a l s  of Keurolop 

If, for example, a patient survives the first 30 days after a bleed, there is still a 20% 
chance of a rebleed occurring in the next 5 months. Even if patients survive the 'high risk' '$, 

period in the first 6 months, there is stilI a considexab1e chance of rebleeding and death in i 
the subsequcnt years. 

The clinical picture of rebleeding is that of SAH, hut usually the effects are more scvert 
than t h e  initial bleed. Most patients lose consciousness; the risk of death from a rebleed is 
more than twice that from the initial bleed. 

Investigation 
AII patients deteriorating suddenly require a CT scan. This hclps in establishing the 
diagnosis of rebleeding and excludes a remediable cause of the deterioration, e.g. acute 
hydrocephalus. 
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CEREBRAL ANEURYSMS - COMPLICATIONS 

CEREBRAL ISCHAEMIAIINFARCTION 
Following subarachnoid haemorrhage, patients are at risk of developing cerebral ischaernia 
or infarction and this is an important contributory factor to mortality and morbidity. 
Cerebral ischaemialinfarction may occur as an immediate and direct result of rhe 
haemorrhage, but more ofren develops 4-12 days afser thc onset, either before ,or after 
operation - hence the term 'delayed cerebral ischaemia'. Approximately 25% of patients 
develop clinical evidence of delayed ischaemial infarction; of these 25% die as a result, 
About 10% of the survivors remain permanently disabled. 

4 Incidence of  cerebral ischaemia/infarction in 2 17 patients with 5AH r 
Adapted from YcrmcuIen, Lmdsay, Murray er a l  

3 1984 New England Journal of 
Estimated Medicine 31 1 432357 
infarction 

risk 2 
per day 

(%) , 
1-2 J 4 - 6  7-6  9-10 t i - - 2  13- 11 15- 6 T ,  ;B IE Z O  Days from SbH to onset 

Aetiology of cerebral ischaemialinfarction 
Several factors probably contribute to the development of cerebral ischaemia or infarction: 
'Vasospasm': arterial narrowing on angiography occurs in up to 60% of patients after SAH 
and is either focal or difhse. The development of 'vasospasrn' shows a similar pattern of 
delay to that of cerebral ischaemia. 

The angiogram appearance was initially thought ro result from arterial constriction; this 
may be so, but the pathogenesis of 'vasospasrn' naw seems more complex. Many 
vasoconstrictive substances either released from rhe vessel wall or from the blood d o t  
appear in the CSF aftcr SAH, e.g, serotonin, prostaglandin, oxyhaemoglobin, but 
numerous studies with wsoconstricter antagonists have failed to reverse the angiographic 
narrowing or to reduce the incidence d ischaemia. This failure may be a result of the 
arteriopatkic changes which have been observed in the vessel wall. Only calcium antagonists 
appear to have a beneficial effect (see page 241). 

SAH 
3-4 days - 

Subintimar oedema, / -- 
lymphocyte, leucocyte I nrlarnmarory 

and rnacrophage infil- reaction - - 

tration and rnyonecrosis Zunica ar 
around 
lventitia 

The greater the arna~rls of blood in the basal cisterns (as shown rm CT  scat^), the higher the 
280 incidence of arterial narrowing and associored ischaevl~ic deficits. 
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CEREBRAL ANEURYSMS - COMPLICATIONS 

Hypovolaemia 
Hyponatraemia develops after SAH in many patients due to excessive renal secretion of 
sodium rather than a dillrtioaal effect from inappropriate antidiuretic hormone secretion. 
Fluid loss and a fall in plasma volume follow. 

These patients are particularly at risk of developing cerebral ischaemic deficits, probably 
as a result of increased blood viscosity. 
Reduced cerebral perfusion pressure 
Following SAH, intracranial haematoma or hydrocephaIus may cause a rise in intracranial 
pressure (ICP). Since cerebral perfusion pressure = mean BP - ICP, a subsequent 
reduction in cerebral perfusion may occur. 

Clinical effects of cerebral ischaemiajinfarction 
This may affect one particular arterial territory producing characteristic signs: 

Anterior cerebral rerritory 
- leg weakness, incontinence 
- confusion, akinetic mutism 
Middle cerebral urrirory 
- hemiparesis, hemiplegia 
- dysphasia (if dominant 

hemisphere) 

Internal carotid territory 
widespread effeczs 
with hemisphere 
swelling 

Hypothalamus 

Commonly che iscbaemia occurs in multiple areas, often in both hemispheres. This 
1 

correlates with the pattern of merial 'spasm'. -- - -- 

Transcranial Doppler: a significant increase in flow velocity wirhin an intracranial vessel 
may indicate developing 'vasospasm', even before clinical problems develop, and allow the 
early introduction of prophylactic measures (see page 255). 

HYDROCEPHALUS 
Following SAH, cerebrospinal fluid drainage may be impaired by: 
- blood clot within the basal cisterns 1 komrnunicating' hydrocephalus 
- obstruction of the arachnoid villi (see page 360) 
- blood clot within the ventricuIar system - cobstructive3 hydrocepha1us. 

Acute hydrocephalus occurs in about 20% of patients, usually in rhe first few days after 
the ictus; occasionally this is a late complication. In only one-third are symptoms of 
headache, impaired conscieus level, dementia, incontinence, or gait ataxia severe enough to 
warrant treatment. 

In  a further 10% of patients, hydrocephalus develops late - months or even years after 
the haernorrhage. 
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CEREBRAL ANEURYSMS - COMPLICATIONS 

'EXPANDING' INTRACEREBRAL HAEMATOMA 
Brain swelling around an intracerebral haematoma may aggravate the mass effect of the 
haematoma; this may cause a progressive deterioration in conscious level or progression of 
focal signs. 

EPILEPSY 
Epilepsy may occur at any stage after SAH, especially if a haematoma has caused cortical 

damage. 
Seizures may be generatised or partial (focal). 

EXTRA CRANIAL COMPLICATIONS 
Myocardial infarctionlcardiac arrhythmias: electrocardiographic and pathological 
changes in the myocardium are occasionally evident after SAH, and ventricular fibrillation 
has been recorded. These problems are likely to occur secondarily to catecholamine reIease 
following ischaemic damage to the hypothalamus. 
Pulmonary oedema: this occasionally occurs after SAH, probably as a result of massive 
sympathetic discharge; note the 'pink, frothy' sputum and typical auscultatory and chest 
X-ray findings. 
Gastric haemorrhage: bleeding from gastric erosions occasionally occurs after SAH but 
rarely threatens Iifc. 

CEREBRAL ANEURYSMS - MANAGEMENT FOCLOVVING SAH 

Headache rcquires anakesia 2 codeine or dihydrocodeine. Stronger analgesics may depress 
conscious level and mask neuroIogica1 deterioration. Management is otherwise aimed at 
preventing complications - 

PREVENTION OF REBLEEDLYG 
Bed rest: Usually enforced after SAH, a l t h o ~ ~ g h  there is no evidence that this redtlces the 
rebleed risk. Allowing the patient to use the toilet may induce less 'stress' than ustrig a 
bedpan. 

Antinbrinolytic aEents: trancxamic acid, eprilon 
arninocaproic acid. 

These agents havc berm used fnr many years with the aim 
of prevenrmg rebleeding by delaying clot dissolution around 
the aneuvsm fundus. Anr~fibrinolyrics do reduce rebleeding 
(by mare than 50%) but at the expenqe of increasing the 
incidence of cerebral ischaemia. 'Thc overall results showed 
no improvement in mortality or morbidity. 

Eibdnolytic mechanism 

Actrzmtors in Plasminogen 
cndotheltum 

Jnhrbitors 
epsilon amino 

Plasmin caproic acld 
and 
tranexamic 
acid 

Operation: Clipping of the aneurysm neck is che only cerrain way of preventing 
rebleeding, bur this technique is not always possible and other methods are sometimes 
employed. The timing of operation is a controversial topic. 
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CEREBRAL ANEURYSMS - MANAGEMENT FOLLOWING SAH 

METHODS OF ANEURYSM REPAIR 
Direct clipping o f  the aneurysm neck 
is the optimal method of Treatment and 
prevents further rupture; aneurysm 
clips rarely slip after application. The  
operating microscope and improved 

Wrapping: Jf the w~drh of the 
anaesthetic techniques have aneurysm neck or its involvemenr 
considerably lowered mortality and wich adjacent vessels prevents 
morbidity. Careful dissection of clipping thrn muslin gauze map be 

arachnoid tissue around the neck of the wrapped around the cundus. This 

aneurysm enables accurate positioning 
of the clip. 

provides some protection but 
rebleeding can still occur. 

Balloon ernbalisation: Inflating a balluon introduced through a special angiographic cathctcr within the 
aneurysm sac has had very limited success. The technique mrries s risk of musing immediate aneurysm rupture or 
of allowing balloon fragments to pass into the disral circulation causing an embolic stroke. Results have shown that 
even apparent succe~qful balloon occlusion does not necessarily prevent rebleeding in the long term. Using a 
balloon ro occlude the neck or an anwrysm aiow with the paren! wetset e.g. Tor a 'gianr' ophthalmic 'artery 
aneurysm', shouId produce a permanent repair provided the patienr can tolerate the  mclusion (see below>. 

1 CoiI embolisation: In recent years, radiolofists have succeeded in inserting single or 

t multiple helical platinum coifs into the aneurysm sac to induce thrombosis. Although this 
is still an experimental technique, results are encouraging. 

A tracker catheter is guided through the 
aneurycm neck. T h c  coil, attached to rhe 
end of a delivery wire, 1s inserted through 

* i x * 7 -  . - 
the catheter into the aneurysm fundus. After 
accurate placement, the passage of an elcctric 
current causes clectrochcmica~ rclcase from 
thc delivery wire. 

Complications may still occur 
during the procedure and unless 
the fundus is completely 
obliterated, rebleeding may still 
follow, T h e  wider the aneurysm 

Basilar hifurcat~nn aneurysm aCter cnil embolisation ,-- - _. 
neck and the larger the size, the before mil ernholir;adon sliowing compIctc ohlitcration. 
smaller the chance of producing 
complete obliteration. 
Without this, rebleeding can occur. 

Unforrunatelp early work suggests thar aneurysms that surgcons find difficult to clip also 
pose difficulty to the radiologist. Whether or not coil embolisation will improve the results 
obtained by direct clipping wilt take many years to evaluate. 

Trapping: clipping of proximal and distal vcsscls is thc only possiblc trcatrnent for some aneurysms, e.g. 'gianr' 
and intracavcrnous aneurysms. This prcvcnts rebleeding but carries a high risk of producing an ischaemic deficit. 
A bypass procedure - superficial temporal to middle cerebral anasmmnsi~, prior to trapping - may help rninirnise 
the risk of this complication (see page 287). 
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CEREBRAL ANEURYSMS - MANAGEMENT FOLLOWING SAH 

METHODS OF ANEURISM REPAIR (contd) 

Proximal occlusion - common carotid ligation: this technique is used for 
aneurysms arising directly from the carotid 
artery where clipping has failed or was not 
attempted, e.g. an intracavernous aneurysm or 
'giant' ophthalmic artery aneurysm. Most 
patients tolerate common carotid occlusion; 
collateral circulation through the circle of Willis 
and perhaps from reverse flow in the external Ligation of the 

carotid artery usually provides sufficient common carotid 

hemispheric flow to prevent ischaemic artery (rather 

complications. Balloon occlusion of the than the internal 

internal carotid artery is an alternative carotid artery) 

technique. permits retrograde 
flow in the 

,' artery from anastomosis ' with vessels on the opposite 
side and may help prevent 
ischaemic complications. 

Cerebral blood flow studies during temporary occlusion, or temporary occlusion under local anaesthesia can 
predict patients who fail to tolerate this but these methods are not infallible and late ischaemic deficits occasionally 
occur. 

Carotid ligation prevents the patient from rebleeding in the 'high risk' period. Beyond the first 
6 months, the rebleed risk reverts to that of an untreated aneurysm, i.e. 3.5% per year. 

TIMING OF OPERATION 
Pioneers of aneurysm surgery found that operation within a day or two of the haemorrhage 
carried an unacceptably high risk. Operative mortality rates dramatically fell when 
operation was delayed for several weeks. The longer the delay, the better the results; but 
the longer the delay, the greater the possibility of death from rebleeding. The clinical 
condition or 'grade' of the patient also played a major part; the worse the grade the worse 
the outcome. As a result, surgeons adopted an optimal delay period of 6-14 days f 
haemorrhage, the exact time depending on the patient's clinical condition. 

nFi/hj 
In recent years, with improved operative and anaesthetic techniques, 'early' operation 

within a few days of the haemorrhage has become feasible. Most surgeons now advocate 
operation within 3 days if possible for patients in grade I or 11. The additional risks appear 
small and are outweighed by the benefit of preventing rebleeding. 

Once the aneurysm is clipped, aggressive methods of treating ischaemia with induced 
hypertension can be applied. The optimal time for operation in poorer grade patients 
remains controversial and requires further study. 
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CEREBRAL ANEURYSMS - MANAGEMENT FOLLOWING SAH 

PREVENTION OF CEREBRAL ISCWAEMIA/INJ?ARCTION 
Despite considerable clinical and experimental research, cerebral ischaemia is still a major 
cause of morbidity and mortality after subarachnoid haemorrhage. In recent pears some 
advances have proved beneficial. 

Calcium a?ziapnists: several large studies have confirmed that Nirnodipine and Nicardipine 
both seduce thc incidence of cerebral infarction by about one third and improve outcome. 
Whether these act by improving collateral circulation, by  rcducing the harmful effect of 
calcium flooding into brain cells or by reducing cerebral kvasospasm' remains uncertain. 

Avoidance of anrihLyperrensive rherafly: antihypertensive therapy was once widely used after 
SAH to reduce 'reactive' hypertension and theoretically to minirnise the risk of rebleeding. 
En the normal subject a drop in EP results in cerebral vasodilatation to maintain cerebral 
flow (autoregulation, page 75). After SAH, autoregulation is aften impaired; a drop In BP 
causes a reduction in cerebral blood flow with a subsequent sisk of cerebral ischaemia. 
Accumulated evidence shows that patients with SAH on antihypertensive therapy have a 
significantly higher risk of cerebral infarction. 

High fluid intake: maintenance of a high fluid input (3 litres per day) may help prevent a 
fall in plasma volume from sodium and fluid loss. If hyponatraernia develops do not restrict 
fluids (this significantly increases the sisk of cerctrral infarction). If sodium levels fall below 
130 rnrnolll, givc fludrocortisone or hypertonic saline. 

Plasma volume expansion: expanding the plasma volume with colloid, e.g. plasma proteins, 
dextran 70, Haemacel, increases blood pressure and improves cerebral blood flow. This  
should be given either prophylactically in high sisk paticnts (heavy cisternal blood load on 
CT scan or with high Doppler velocities) or at the first clinical sign of ischaemia. If 
BinicaI tvidcnct: of ischaemia develops despite this treatment, then combine with: 

Hypertensive therapy: treatment with inotropic agents, e.g. dobutamine, increases cardiac 
output and blood pressure. Since cerebral autoregulation commonly~fails after , 

subarachneid haemorrhage, increasing blood pressure increases cerebral blood flow. Up to 
70% of ischaernic neuroIogical deficits deveEoping after aneurysm operations can be 
reversed by inducing hypertension; often a critical level of blood pressure is evident. 

Early recognition and treatment of a developing neurological deficit may prevent 
progression from ischaemia to infarction. Delayed treatment may merely aggravate 
vasogenic oedema in an ischaemic area. This technique of induced hypertension is now 
widely applied, with good results, but requires careful, intensive monitoring. In view of the 
risk of precipitating aneurysm rupture, it is reserved until after aneurysm clipping. 

Brain protecrive agents: several newly developed neuroprotective drugs (other than the 
caIcium anragonists (see page 241) are currently under study in patients with subarachnoid 
harmosrhage but as yet their value remains unknown. 
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CEREBRAL ANEURYSMS - MANAGEMENT FOLLOWING SAM 

HYDROCEPHALUS 
Hydrocephalus causing acute deterioration in conscious level requires urgent CSF drainage 
with a ventricular catheter (in 'communicating' hydrocephalus lumbar puncture may 
provide temporary benefit). 

Gradual deterioration or failure to improve in the prescnce of enlarged ventricles 
indicates the need for permanent CSF drainage with either a ventriculopesitoneal or 
lumboperitoneal shunt. 

EXPANDING r n A C E R E B R A L  HAEMATOMA 
Intracerebral haematomas from ruptured aneurysms do not require specific treatment 
unless the 'mass' effect causes a deterioration of conscious lcvel. This necessitates urgent 
angiography foIIowed by evacuation of the haematoma with or without simultaneous 
clipping of lthc aneurysm; under these circumstances, operative mortaIiry is high. 

OUTCOME AFTER SUBARACHNOID HAEMORRHAGE 
Of patients surviving the initial bleed and admitted within 3 days to  the neurosurgical unit, 
approximately one-quarter die within the following 3 months. Over half make a good 
recovery and regain former employment, aIthough in a proportion, minor personality 
change and intellectual deficit persist, 

Factors providing a prognostic guide are: age, quantity of subarachnoid blood on CT 
scan, loss of consciousness a t  the ictus, clinical condition on admission and the presence of 
preexisting hypertension or arterial disease. 

Operative mortality (i.e. mortality rate in patients undergoing operation) ranges from 
8-45% depending on the patient's clinical condition and the timing of operation. 
Management mortality takes into account all patients, including those not undergoing 
operazian due to premature death or poor cIinical condition. These figures are of more 
value when comparing results of different management regimes. 

Operetive mortality (af 6 months) 
KO. of patients undergoing operation - 2922 

Preoperative Na. Mortality(%) Good 
state recovery(%) 
alert 1882 8 712, 

drowsy 727 19 58 
stupcrose 202 35 33 
comatose 1 1 1  45 I3 
Total 2912 14 68 

I 

Management mortaIity (at 6 months) 
Nn. of parients admitted m the centre wirhin 3 da?..s 
of rhc hacrnorrhage - 3521 

State on No. Mortality(%) Good 
admission recovery(%) 
alert 1722 13 74 
drowsy 1136 28 i 54 
stuperose 348 44 30 
cornatn~e 115 72 1 1  
Total 3512 26 .58 - 

Adapted from Kassell, Torner, Haley et al. lQ90. Journal of Neurosurgery 73;18-76. 
T h i s  is the largest recent study revicwing the riming of ancurysm Furgcrq., collecting data rrom 68 neurosurgical 
cenrres thrnughour the  world 

Comparing different operative or management policies: Cornpariaan of different treamenrs for ruptured 
aneurysms i s  d~fficult, unless conducted under the confines of a randomised mntruIlcd trial. 'Operarive mortalitv' 
provides limited informatian unless patient groups are nrciufully matchcd for agc, clinical condition and timing of 
operation. 'Management monallry' (e.g.  outcome of all admimed pat~cnts up to 3 months fmm lthe ictus) IS of mast 
practical value, but even then, admission policies requirc careful scrutiny. 

286 
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CEREBRAL ANEURYSMS - MANAGEMENT 

ANEURYSMS CAUSING COMPRESSIVE SYMPTOMS AND SIGNS 
Aneurysms may present as n result of compression of adjacent neurological structures. An 
oaIornotor (111) nerve palsy from a posterior communicating aneurysm often precedes 
rupture by a few days or weeks and indicates the need for urgent operative treahnent. 

A giant aneurysm (over 25 mm in diameter), causing compressive problems, seldom 
ruptures but the symptoms and signs are unlikely to resolve unless spontaneous thrombosis 
occurs. 

Direct clipping and aspiration or Superficial temporal middle 
excision of the sac provides the cerebral anastomosis 
best treamcnt. In some patients 
the size of the aneurysm neck 
prevents clipping and either 
carotid occlusion (if a carotid 
aneurysm) or 'trapping' provide 
alternative methods. Prior to 
'trapping', ~ u p c ~ c i a l  temporal 
middle cerebral anastomosis may aneurysm 

\ 

help prevent ischaernic 
complications. :I 

i 

between clips 

INCIDENTAL ANEURYSMS 
T h e  appearance of high resolution CT and IMR scanners and angiographic screening of 
patients with a strong family history of subarachnoid haemorrhage, has led to the detecrion 
of increased numbers of patients with incidental aneurysms (i.e. aneurysms not causing 
symptoms or signs). Studies suggest that risk of bleeding from a previously unruptured 
aneurysm approaches 1 DJo per year, with aneurysms ovcr 10 mm in diameter carrying 
the highest risk. 

Operative mortality of aneurysm cIipping in the absence of S A H  is approximately 2%. 
Thus, younger patients (e.g. under 45 years) with an otherwise normal life expectancy may 
well benef t from operation. 

When angiography after SAH reveals multiple aneurysms the neurosurgeon must decidc 
whether to operate on the intact as well as the ruprured aneurysm. If accessible through 
the one craniotomy flap, most dip unruptured aneurysms at the initial operation, although 
in patients in poor dinical condition, delayed clipping at a second operation several weeks 
later minimises the risk of ischaernic complications. 



LOCALISED NEUROLOGICAL DISEASE AND ITS MANAGEMENT A INTRACRANIAL 

ARTERIOVENOUS MALFORMATIONS 

Arteriovenous malformations (AVMs) are development anomalies of the intracranial 
vasculature; they are not neoplastic despite their tendency to expand with time and the 
descriptive term 'angioma' occasionally applied. 

Firm tangled mass of 
blood vessels with small 
haemorrhages, areas 
of thrombosis and 
calcified nodules - - 
within the bulk 
of the lesion 

Diminished brood flow 
to surrounding brain 
due to a 'steal' effect 

# 
- Dilated artarialised veFns 

..- ,- Dilated aneurysmal 
segment 

- ,- Enlarged feeding 
vessel 

-- Saccular aneurysms 
occasionally develop 
on proximal vessels 

Dilated arteries feed directly into a tangled mass of blood vessels of varying calibre; they 
bypass the capillary network and shunt oxygenated blood directly into the venous system. 
As a result of raised intraluminal pressure, veins may adopt an 'aneurysmal' appearance. 
Arteriovenous malformations may occur at any site but are commonest in the middle 
cerebra1 artery territory. 

Vascular malformations vary in size and different forms exist: 
Capillary telangiecrasis: an area of dilated capilIaries, like a small petechial patch on the 
brain surface - aspeciaIfy in the pons. These lesions are often only revealed at autopsy. 
Covernous rnaIforrnation~on~iamo: plum coloured sponge-like mass composed of a collecdon 
of blood filled spaces, but without enlargement of feeding at draining vessels. 

CLINICAL PRESENTATION 
Haemorrhage 
About 4060% of patients with an AVM present with haemorrhage - often with in  
intracerebral or intraventricular component. In comparison with saccular aneurysms, 
AVMs tend to bleed in younger patients, i-e. 20-40 years, and are less likely to have a fatal 
outcome. Vasaspasrn and delayed ischaemic complications rarely develop. Small AVMs are 
at greater risk of bleeding than larger lesions. 
Risk of initial and rectirrenr bleed in^: the risk of haemorrhage over a 5-year period in 
patients with a previously unruptured AVM is approximately 15% (i.e 2-3% per year); 
however, this risk increases to 50% over 5 years for lesions under 3 cm in size. 

After a haemorrhage, the chance of a further bleed is slightly increased in the first year 
but beyond that the risk reverts to that of an unruptured AVM. 
MnrraIPry from haemorrhage: in contrast to the high mortality following aneurysm rupture, 
haemorrhage from an AVM carrics the relatively low mortality rate of approximately 

288 10%-20°/0. 
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ARTERIOVENOUS MALFORMATIONS 

CLINICAL PRESENTATION (conrd) 
Epilepsy 
Generalised or pardaI seizures commonly occur in patients with arteriovenous 
malformation, especially if the lesion involves the cortical surface. Of patients presenting 
with haernorrhage, 30% have a history of epilepsy. 

Neurological, deficit 
Large AVMs, especially those involving the basal ganglia, may present wj& a slowly 
progressive dementia, hemiparesis or visual field defect, probably as a result of a 'steal' 
effect. The infrequent brain stem AVM may also produce a motor or sensory deficit, with 
or without cranial nerve involvement. 

Headache 
Attacks of well localiscd headache - unilateral and throbbing - occur in a proportion of 
patients subsequently shown to have a large AVM. 

Cranial bruit 
Auscultation, especially over the eyebaII, nccasionalIy reveals a bruit. 

INVESTIGATIONS After i-v. contrast 

CT scan 
Most AVMs are evident on CT scan 
unless masked by the presence of an Irregular lesion 
intracranial haematoma. h double Streaks of strongly 
dose of intravenous contrast may aid enhancement enhancing 
visualisation, especially with small represent with contrast 
'cryptic' lesions. feeding and 

draining vessels Calcification ma! be 
evident on the plain CT. 

MRI 
Conventional MRI wit1 clearly demonstrate the AVM as a region of flow voids, with 
associated signal change within or around the lesion from areas of old haemorrhage or 
gliasis. 
MRI is the investigation of choice in 
identifying a cavernous ma(formarim, often 
missed on CT scanning and rarely seen on 
angiography. Most lcsions show marked 
signal change around this lesion due to a rim 
of haernosiderin deposition. 

Cavernous 
Malformation '; 

I 



LOCALISED NEUROLOGICAL DISEASE A N D  ITS MANAGEMENT A IMTRACRANIAL I 

ARTERIOVENOUS MALFORMATIONS 

XNVE STIGATTONS (contd) 
Angiography 
Four-vessel angiography confirms the 
presence of an AVM and delineates the 
feeding and draining vessels. OccasionaIIy Feeding 

small AVMs are difficult to detect and vessels 
only early venous filling. may draw f ram 
attention to their presence. 
N.B. In the presence of a haemtoma, 
angiography should be delayed until the anterior 
haematoma resolves, othenvise local cerebral 
pressure may mask demonstration of an arteries 

AVM. If the angiogram is subsequently 
-1 

negative, then MRI is required ro exclude 
the presence of a cavernous malformation. 

MANAGEMENT 
Various methods of treating arteriovenous malformations are available, but a11 risk fusrher 
damage. The urgency of t hc  parient's clinical condition and the risks of treament must be 
weighed against the risk of a conservative approach. 
Indications for intervention 

'Expanding' haernatoma associated with the AVM 
r Risk of haemorrhage, especially - younger patients with many years 'ar risk' 

- with AVM in 'non-eloquent' site 
- with AVM < 3 cms diameter. 

m Progressive neurological deficit. 
Operative removal may not benefit epilepsy control. 
Methods of treatment 
Operation: Exci.&n - complete excision of the AVM (confirmed by per- or postoperative 

angiography j is the most effective method of treatment. Image guided surgery 
(sec page 372) map aid Iocalisation of small AVMs or cavernous 
malformations. Some deeply situated lesions in the basal ganglia or brain 
stem are inopcrahle in view of the risk of neurological deficit. 

Stereotactic 
7--- 

radiotherapy: Standard radiotherapy is of no value in the treatment of AVMs, but focmed 
beams either from multiple cobalt sources or from a linear accelerator, can 
obliterate up to 80% of lesions under 3 n n s  in diameter within two years of 
treatment. ResuIrs are far less encouraging for larger lesions, although a 
combination of embolisation and stereotactic radiotherapy may provide an 
alternative treatment method for Iarge inoperabIe AVMs in the future. 
Although avoiding direct operative damage, stereotactic irradiation destrays 
tissue locally at the target site. The  larger the dose, the greater the chance of 
AVM obliteration, but the greater the risk of neurological deficit from local 
tissue destruction. A further disadvantage is the possible delav of up to two 
years bcfore obliteration occurs. Despitc this, stereotactic irradiarion may 

290 prove ideal for some deeply situated lesions. 
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ARTERIOVENO'US MALFORMATIONS 

Methods of treatment (contd) 
Embolisarion: Skilled catheterisation permits selective embolisation of feeding vessels with 

isoburyl-cyanoacrylate, although this technique is not without risk. 
Embolisation alone is unlikely to produce complete obliteration, but used 
preoperatively, it may significantly aid operative removal. 

Occlusim of 
feed in^ vessel-T: Repeat investigation shows that occlusion of feeding vessels, whether by 

direct operation or by an endovascular balloon, fails to prevent persistent 
filling of rhe AVM due to dilated collaterals. 

CAVERNOUS MALFORMATIONS (syn. cavernous andoma) 
With rhe sppearancc of improved imaging, in particular MRI, mvernou? malfemations arc now identified as a 
source of inrracran~al haemorshage in somc patlenrs with an othenvisc norma! C?' scan and angingram. They 
occur in 0.5% of the population, arc occasionally multiple and in a fcw patients, have a familial basis. A cavernous 
malformation mav prescnt with epilepsy, haemorrhage or with focal neurolngical signs.. Once diagnosed thc risk of 
haemnrrhage i s  0.7"/" per year. Lesions in accessibIe sires are readily excised wirh little risk; a conservative 
approach i~ adopted for thosc in the basal ganglia, thalamus or brainstem, wherwer poqsible. 

I M U R Y S M  OF THE VEIN OF GALEM 
This is a rype or arteriovenous rnal~ormarion in which 
arteries feed d~rcctly Into the great vein nf Galc-n 
causing massive aneuryqmal dilatation. Patients 
present either in the neonatal period with severe high 
output cardrac failure due to the associated 
arteriovenous shunt, in infancy wirh cranial 
enlargement due to an obstructive hydrocephsluv, nr 
in childhod with subarachnoid hamorrhage. A 
cranial bruit is always evident. Cardiac failurc usually 
develops in the neonatal period and is usually fatal. 
In h c  other groups h e  Treatment of choice is now --*: ,- . 
cndovuscular obliteration of the feeding vcsscls (, *,, f:.: :, . 
combined with ventricular drainage if required. As a , , .  \: 
result, the high mortality and morbidity experienced L '  

with direct operative repair has cnnsiderahlv reduced. 

STURGE-WEBER SYNDROME 
Angiomato@,is sfletting the Cac~al skin, cyes and leptomeninges produccs the characteristic features of chc Sturge- 
W ~ b e r  syndrome - a capilIary naevus over the forehead and eye, cpilepsy and intracranial calcificatron. (Sce page 
542.) 
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ARTERFOVENOUS MALFORMATIONS 

CAROTID - CAVERNOUS FISTULA Venous communication 
A fistulous communication with the contralateral 

Diagrammatic view of the 
between the internal carotid sinus occasionally pro- 

right cavernous sinus and 
artery and the cavernous , dwces bilateral signs 

sinus may follow skull base (nerves excluded) 
trauma either immediately or 
after a delay of several days 
or weeks. Less often carotid- petrosa, 
cavernous fistulae occur 
spontaneously from rupture 
of a small intracavernous 
meningeal artery or a 
saccular carotid aneurysm. 

sinus 
ophthalmic vein 

carotid artery 

Clinical features 
Symptoms develop suddettly (cf. cavernous sinus thrombosis) - the patient becomes aware 
of pulsating tinnitus a 'noise' inside the head. Pain may FoIIow. Examination reveals 
characteristic signs: 

Prominent facial ---L, ' 
PULSATILE EXOPTHTMRLMOS develops after a delay 

veins BRUw - best heard over the eyeball. 

periorbital tissues ., -7 
+- .-- Bilateral signs and symptoms 

and conjunctival\ 
congestion w ,) occasionally develop 

I I' /---- 
'\ 

/ -- 
2' 

. .. 
% Ophthalmoplegia 

(Ill, IV and VI nerve palsies) may develop. I 
Papilloedema, retinal haernorrhage, I 

opacities in the lens and cornea 
and optic atrophy may result + risk of defective vision 

Methods of fistula repair 
Sponranenus closure occurs in up to 60%. Provided symptoms do not progress, for the first 

few months, treatment should he conservative. 
Trapping: ligation of the supraclinoid carotid and ophthalmic arteries intracranially, 

followed by ligation of the internal carotid artery in the neck. 
Direcr operative repair: repair of thc fistula within the cavernous sinus with the aid of 

cardiopulmonary bypass. 
Ern6olisation:- with muscle emboli or plastic beads introduced into the internal carotid artery 

- with deaachable balloon catheterisation, either transvenous or intra-arterial. 

The multiplicity af methods of fistula repair reflect the difficulties and limitations of 
each technique. Konc are without risk. Tn expert hands, transvenous or intra-arterial 

292 embolisation may prove to be the most satisfactory method. 
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-. 

INTRACRANIAL TU MOIJRS 

INCIDENCE 
Primary brain tumours occur in approximately 6 persons per 100 000 per year. Fewer 
patients with metastatic tumours reach a neurosurgical centre, although the actuaI 
incidence must equal, if nor exceed that of primary tumours. About 1 in 12 primary brain 
tumours occur in children under 15 years. 

I 
SITE Adults Children 

I Tn adults, the cornmenest In children, 
nunours are gliomas, medulloblastornas 
metastases and and cerebellar 
meningiornas; most Iie astrocytomas 
in the supratenrorial predominate. 
compartment. 

PATNOLOGY 
Intracranial numours are often described as 'benign' or 'maIipant', but these terms cannot 
be directly compared with their extracranial counterparts: 

A benip intracranial tumour may have devastating effects if aIlowed to expand within 
the rigid confines of the skull cavity. A benign astrocytoma may infiltrate widely 
throughout brain tissue preventing complete removal, or may occupy a functionally critical 
site preventing even partial ranoval. 

A malknanr intracranial tumour implies rapid growth, poor differentiation, increased 
cellularity, mitosis, necrosis and vascular proliferation, but metastases to extracranial sites 
rarely occur. 

PathologicaI classification 
In 1979, the World Health Organisation drew up an internationally agreed classification of 
intracranial mmours based an the tissue of origin. This system avoids the term 'gliorna' - 
previously encompassing astrocvtoma, oligodendroglioma, ependymoma and glfoblastoma 
muItiforme. Since the cell origin of h e  highly malignant glioblastoma is unrecognisable, 
this is classified along with tumours of embryonic origin. 
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NEUROEPITHELIAL 
r Astrocyres - Astrocytoma: The most common primary brain tumour. 

Histological features permit 
Composite diagram showing the separation into four grades characteristic features of a malignant 

depending on the degree of astrocytoma. 
malignancy. Grading is of limited 
accuracy and only rcflccts the Vascular Mitosis 

. . . t . , -  
features of the biopsy specimen and proliferation 

.. . . : :.....- . -. A-d- 
t ....# 

not necessarily hose of the whale EU . - . . A .:, *:?.- , 2; 
p:.:;:;/., :<!,:;* <,:,-:+.::.:: :-- , 

tumour. The most malignanr type - . =+ 

ce,,ular + :;:<:. .,<:*;:...: :. : .-.: : .:,: . , : : i - r  ' 
amplastic astrocytorna (grade IV) - . .:xF -;+ .:;$ P- . ..... : ...,.p #s -  .c::* T  differentiation'^^^^$, + . 'y.:::."'&. .. 
occurs most and ,,,:,:?, - .. !, 
infiItrates surrounding tissue. The . = -. i.2- p 

.?.:,:'. . . * ,  Palisadingof less common low-grade ..- . ..*-- -... . . ;., .-.:;:ri.. . '-,cells around 
astrocytomas include the piloqtic 5. an area of 
(juvenile) type, fibriIEary, Multinucleate necrosis 
protopla4mic and gemistocptic giant cell 

types- 
- Oligodendro- Oligoclendrogtioma: Usually a slowly growing, sharply defined turnour. 

cytes - Variants include an anaplastic (malignant) form and a 'mixed' 
astrocyrorna oligodendroglioma. 

Ependymoma: Occurs anvwhere throughnut the ventricular system or 
spinal canal, but is particularly common in the 4th ventricle and cauda 
eguina. It infiltrates surrounding tissue and may spread throughout the 
CSF pathways. Variants include an anaplastic type and a 
subependymoma arising from subependyma1 astrocytes. 

Choroid plexus papilloma: Rare turnours and an uncommon causc of hydrocephalus due 
to excessive CSF production. Thev are ususliy benign but occasionally mcur in a maIignant 
form. 

t Neurons + Gang~oglioma/~anglio~toma(neuroblastoma: Rare rumours containing ganglion cells 
and abnormal neurons. Occur in varvIng degrees of rnaIimancy. 

t P i ~ e a l  cells -- Pineocytomalpineobhstama: Extremely rare rumours. The latter are less wcll 
difrerentiated and show more malignant features. t 

I 

Poorly - Glioblaatoma rnultlforme: A highly malignant rumour with no cell >, 
differentiated differentiation, preventing identification of irs tissue origins. \ 

and 
embryonic 4 MeduIEoblastorna: A malignant 
cells tumour of childhood arising from the 

cerebellar vemis. Small clnsely 
packed cells are often arranged in 
rosettes surrounding abortive axons. -- ,,- - - - 
May seed through thc CSF 
pathways. 
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INTRACRANIAL TUMOURS - PATHOLOGICAL CLASSIFICATION 

MENINGES 

NERVE 
SHEATH 
CELLS 

+ Meningioma: Arise from the arachnoid granulations, usually closely 
related to the venous sinuses but also found over the hemispheric convexity. 
T h e  tumours compress rather Whorls of fibrous 
than invade adjacent brain. ,tissue and spindle 
They also occur in the skull 
base, spinal canal and orbit. 
Mostarebenign(despitetheir 
tendency to invade adjacent psammoma 
bone) but some undergo 
sarcomatous change. 
Histological types - evncvtial, transitional, fibrol.llastic and angioblast~c. 
T h e  haemangin-per~cvtoma variant is poorIy dlfferentiated and aggressive in nature. 

+ Meningeal sarcoma and primary Meningeal melanoma. Exccedlngly rare tumours. 

+ Neuroma: 
(Syn, ncur i lemmoma~schw~oma) :  a non-invasive, slowly growing 

tumour of the Schwann cells, 
surrounding the vestibular part 
of the VIII cranial nerve roots 
or the peripheral nerves. 
Differenr histological types exist: 

Antoni type B 
I 
L Neurofibroma: turnour of Schwann cells and fibroblasrs producing 

a fusiform expansion through which 
nerve fibres run. It involves the spinal 
nerve roots or peripheral nerves but 
rarely affects cranial nerves and has a 

--= -7-Qn+.--z greater tendency to undergo malignant 

-'\I.. 
change than schwannorna. This tumour 
i s  the type associated with Von 

k~='iw* 
Recklinghausen's disease, although 
schwannomas and mixed turnours also 
occur (see pagc 540). 

N,B. Many tumours have mixed characteristics in varying proportions. 

BLOOD Haeman~oblastoma: Qccurs 
VESSELS within the cerebellar parenchyma 

.... 
or spinal cord. ,* .. " 

In 1926, Lindau described a 
syndrome relating cerebellar andl 
or spinal haernangioblastomas with 
similar tumours in the retina and Reddish brown turnour nodule lying in 
cystic lesions in the pancreas and the wall of the cyst. Histology shows a 
kidney (Von Hippel-Lindau mass of blood vessels separated by 

disease). clear, foamy vacuolated cells 
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INTRACRANIAL TUMOURS - PATHOLOGICAL CLASSIFICATION 

GERM Gerrninoma: Primitive spheroidal cell tumour 
CELLS comparable to seminoma of zhc testis. uncommon turnours of 

Teratoma: A tumour containing a mixture the pllreal region (not 
af well differentiated tissues - dermis, muscle, arising from pineal cells) 
bone. 

Craniopharyngioma: Arises from cell rests of buccal epithelium and lies 
OF MAL- in close relation to the pituitary stalk. Usually a noduIar turnour with 

cystic areas containing greenish fluid and cholestcatornatous material. 
MENTAL 
ORIGIN Epidermoidjdermoid cysts: Rare cystic turnours arising from cell rests 

predetermined to form epidermis or dermis. 

LC~lloid cyst: A cystic turnour arising from an embryological remnant in 
the anterior roof of the 3rd ventricle. 

Pituitary adenoma: Benign turnour, usually secreting excessive 
quantities of prolactin, growth hormone, adrenocoflicotrophic hormone, 

GLAND thyrotropin or gonadotropin 

L ~denocarcino-: Malignanr turnour occasionally arises in the pituitary 

LOCAL 

I_ 
Chordoma: Rare tumour arising from cefl rests of the notochord. May occur anywherc from 

EXTENSION the sphenoid ce the coccyx - but commonest in the hasi-occipital and the sacrococcygcal 

~ m l  region, invading and destroying bone at these sites. 

GIornus jugulare tumour (syn. chemodectorna): Vascular turnour arising from 'glomus 
juglare' tissue lying either in the bulb of the internal ju-lsr veln or in the rnucosa of the 
middle ear. The tumour invades the petrous bone and may extend into [he posterior forsa or 
neck. 

Lother  local turnours include chondroma, chondrosarcoma and cylindrtrrna. 

Primary malignant lymphoma (syn. microgliomatosis): Forms around periventricular 
parenchymal blood vessels. May be solitary or multifocal. It generally occurs in immuno- 
compromised patients, e.g. AIDS. Metastatic spread from systemic lymphoma (e.g. non- 
Hodgkin's lymphoma) is less common, involves the meninges and is rarely 
intraparenchymal. 

Metastatic tumours: May arise from any primary site but most commonly spread from 
the bronchus or breast. Newous system metastases occur in 25% of patients with 
disseminated cancer. 

Tumour Markers 
Immunohrstoch~m~cal techniques permit identification of antigens specific for certain ccll or tissue charsner~sr~cs 
and aid thc histological diawosis of  turnours. \ - .-- 

e.g.Gfiul,fihrillary acidic protein TGFAP) - for glial mrnnurs 

Cyrokerarin - for metastatic carcinoma 
Epithelial membrane mtjgen { M A )  

Some markers also indicate the degree of proIiferation in various tumours (e.g. Ki-67). The identification nf 
growrh factors [e.g. Epidermai growth factor (EGRFN may help drjferentiate hkh-grade from low-pade ttllmm~rs. 
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INTRACRANPALTUMOWRS- C'LASSIFICATION ACCORDING TO SITE 

CEREBRAL HEMISPHERES 

IinErinsicl - astrocytoma 
. - cysts (demoid, epidermoid, - gIioblasturna 

. arachnoid) - oligodendroglioma 
- ganglioglioma 
- lymphoma 
- metastasis 

~HYPOTHALAMU sl 
- astrocytoma 

- 
SELLARlSUPRASELLAR 

- choroid plexus 

REGION 
- pituitary adenoma '-. 
- craniopharyngioma* - teratoma - meningioma 
- optic nerve glioma* 
- cpidermoid/dermoid cyst 

- astrocytoma 
 SKULL BASE AIW SINUSES I 

- carcinoma - nasopharyngeal I' '. 
- sinuses, ear / 

( + carcinomatous meningitis) 
I' 

, , " ~ ' ' 7 i +  + * , 
- chordoma z n t r i n ~ ~ c  
- glomus jugulare tumour e x t r t n ~ t c  - metastasis - osteoma (+ rnucocele) - neurilemmoma IVIT1, V, - fiaemanRioblastoma 

- meningioma - 
- rnedulloblastoma* 

I - e~idermoid/dermoid cyst - astrocytoma* - cerebellum 
*predominant in childhood - arachnoid cyst L brain stern 

- metastasis 
AETIOLOGY 
Genetic factors: Over recent years, the role of genetic factors in tumour development has 
gained increasing prominence. Transformation of normal cells ro malignant growth 
probably results from a variety of diff~rent processes - 

(a) Normal cell growth and 
differentiation controlled by - prom-ottcoxenes 

1 
expression altered 

I 
oncogenes 

1 
alters encoded proteins transforming 

cell into malignant state 
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INTRACRANIAL TUMOURS - AETIOLOGY/INCIDENCE 

AETIOLOGY (contd) 
(b) Inactivation of expression of turnour .ruppressor genes 

(c) Over expression of genes controlling growth factor. 

Clearly defined inherited factors pIay a minor role. Only 5% of patients have a family 
history of brain turnour and with the exception of tuberous sclerosis (related to the 
formation of subependymal astsocytomas) and neurofibromatosis (linked to an increased 
incidence of optic nerve glioma and meningioma) do not fall into an obvious autosoma1 
recessive or dominant pattern. 

Cranial irradiation: long term follow-up oi patients undergoing whole head irradiation 
for tinea capitis shows an increased incidence of both benign and malignant tnmours - 
astrocyroma, meningioma. 

Immunosuppression: increased incidence of lymphoreticular tumours. 

INCIDENCE 
The table below details the incidence of intracranial tumours examined by rhe 
Neuropatholagy Department, Institute of Neurological Sciences, Glasgow lpopulation 2.7 
million) over a 5 year period. 

SUPRATENTORIAL Adults Children (< 15 years) 

haplas t ic  astrocytoma 
(including glioblastwma) 

Meningiorna 
Metastasis 
Astmcytoma 
Pituitary adenoma 
Craniopharyngioma 
Oligodendroglioma 
Colloid cyst 
Lymphoma 
Others 
INFRATENTORIAL 
Neuroma 
Metastasis 
Haemangioblastoma 
Astrocyroma 
Meningioma 
Medul loblastoma 

- As a result of AIDS 
(9%)  and i m u n o -  

suppression, 
the incidence of 
primary 
cerebral lymphoma 
has significantly 

(27%) increased. 

+, 

(24'/0) 

Ependymoma 
Others 

- 
('Oh) (A$apted fmm Adams, 

8 (1%) 3 (4%) Graham and Dnyle, - 
Total 876 70 1981 Brain Biopsy) 
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INTRACRANIAL TUMOURS - CLINICAL FEATURES 

Symptoms tend to develop insidiously, gradualIy progressing over a few weeks or years, 
depending on the degree of malignancy (cf. acute onset of a cerebrovascular accident 
followed by a gradual improvement if the patient survives). Occasionally tumours present 
acutely due to baemorrhage or the development of hydrocephalus. 

Supratentorial 
tumours 

Infratentorial 
tumours 

mss EFFECTS @[= CRANIAL PRESSURE 

CSF outflow 
obstruction 

Tentorial herniation -- -, Tonsillar 

FOCAL 

DAMAGE 

herniation 

FUNCTION 

I 
'I + Cranial nerve Cranial nerve 

damage F-VI Cerebral Cerebellar damage Ill-X11 

1 CLINICAL EFFECTS 
RAISED N R A C R A M A L  PRESSURE - headache, papilloedema (see pages 
RRAM SHIFT- vomiting, deterioration of conscious level, pupillary dilatation 

EPILEPSY (see page 88) 
- gcneralised 
- partial I (occur in 

(simple or 30% of 
complex) patients 

- partial with brain 
progressing to tumours) 
generalised 

Partial seizures help 
localise the tumour 
site. 

Partial sensory seizures arise in 
the sensorv cortex and 

Parrial motor /--- , cause numbness and 

s e i ~ u r e . ~  arise in sQ tingling in the conma- 
the motor cortex -----L, + lateral face, limbs. 
- tonic or clonic 
movements in the 
contralateral face I Pure visual (or auditory) 
or limbs. s~izures are rare. 

r' 
Complex partial (semporal Inhe) .reeiures arise 
from the medial temporal lobe - formed 
visual or auditory hallucinations, awaacness 
of abnormal taste, feelings of fear, dGja vu, 
unfamiliarity or depcrsonalisation and 
automatisms. 299 
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INTRACRANIAL TUMO'URS - CLINICAL FEATURES 

DISTURBED FUNCTION 
Supratentorial - see higher cortical dysfunction, pages 105-1 13. 

OCCIPITAL LOBE 
CORPUS CALLOSUM - dysconnection 

Visual field defect 
syndrome 

FRONTAL LOBE Apraxia 
Contralateral face, - homonymous hemianopia Word blindness 

(page 113) 

arm or leg weakness 
Expressive dysphasia PARIETAL LOBE 

(dominant hemispher Disturbed sensarion 
Personality change - localisation of touch 

- antisocial behaviour - two point discrimination 

- loss of inhibitions - passive movement 

- loss of initiative - astereognosis 

- intellectual impairment - sensory inattention 

+ profound dementia Visual field defect 

especiaIly if the corpus - lower homonymous 

callosum is involved quad rantanopia 

Rightlleft confusion 
Finger agnosia I dominant 

TEMPORAL LOBE Acalculia hemisphere 
Receptive dysphasia (dominant hemisphere) Rgraphia 
Visual field defect 
- upper homonymous quadranranopia Sensory or non-dominant 

(e.g. dressing 
Supratentorial turnours may directly damage apraxia) 
the I and II  cranial nerves. Cavernous sinus 
compression or invasion may involve the I1 I-VL 
crania1 nerves. 

Infratentorial 
MZDBRAINIBRAIN STEM 

Cranial nerve lesions 111-XIT 
Long tract signs 
- motor and sensory 

Deterioration of conscious level 
Tremor (red nucleus) 
Ernpaired eyc movements 
Pupillary abnormalities 

HYPOTHALAMUS!PlTUITbRY 

Endocrine dysfunction. 

CEREBELLUM - see cerebellar 
pages 1 7 6 1 7 9  

Intention tremor 
Dy smetria 
Dy sarthria 
Nystagmus 

Vomiting, hiccough (medulla) N R. Intrinsic brain stem tumours in contrast to 
extrinsic tumours are more likely to produce long 
trncr (motor and sensory) signs early in the 
course of the disease. 



LOCALISED NEUROLOGICAL DISEASE AND ITS MANAGEMENT A INTRACRANIAL 

INTRACRANIAL TUMOURS - INVESTIGATION 

The high incidence of metastatic tumour makes these tests mandatory in 
ESR patients with suspected intracranial tunour. 

Signs of raised inrracranial pressure 
- Suture separation (diastasis) 

Skull X-ray Note: 
Caicif ica tion x 

x ass' appearance - of 
- oglidendrogIioma ' limited value since i t  may occur 
- rneningioma (look for'\ n children and in 

hyperostosis of 
adjacent bone) 

- craniopharyngioma -+- -- L - ---- - - --- - -*-:'> 
the posterior clinoids 

Osreo~vric lesion ----:z:- I--*- _---- (may also occur from local 
- primary or secondary 1.- pressure, e.g. craniopharyngioma. '-.. 

bone tumour 'i ---. -- 
- dermoid/epidermoid Lateral view 
- chordoma Q Pineal shift - 
- nasopharyngeal carcinoma -- if gland is calcified 
- myeloma (ensure 'shift' is 
- reticulosis not due to film 

Towne's view rotation). 
CT scanning Note: ''-0 
SITE 

e.g. frontal, occipital Ef-jecr on adjacent bone i.e. if 
- exrrinsic: outwith - --,- rneningioma + hyperostosis 

brain substance, 
e.g. meningioma 

- intrinsic: within - ,- 
-.. 

brain parenchyma, *- Single or multiple lesions 
e.g, astrocytoma. if multiple + metastasis 

Effecr of con zrasr enhancement 
MASS EFlXCT e.g. none - ?ow grade astrocytoma 
-midline shift. -#'= irregular - malignant astrocytoma 
- ventricular compression. h o m o g ~ e o u s  - meningioma 
- hydrocephalus (secondary to 3rd 

\.\, 
-\ 

venrricular or posterior fossa lesion). 

HIGH nEFMITION SCANS (1.5 mm slice width) - useful in the detection of pituitary, orbital 
and posterior fossa turnours. 

CORONAL AND SAGITTAL I - useful in demonstrating the vertical extent of a 
RECONSTRUCTION tumour and its relationship with other smcmres 

DIRECT CORONAL SCANNING - especially when htraventricular or arising 
from the pituitary fossa or skull base. 
Now replaced by MRI. 30 1 



LOCALISED WEUROLOGICAL DISEASE AND ITS MANAGEMENT A INTRACRANIAL 

INTRACRANIAL TUMOURS - INVESTIGATION 

MRI Note: SITE, ,MASS EFFECT and LESION MULTIPLICITY as for scanning. 
Of particular value in demonstrating tumours around the skull base, cranio-cervical 
junction and the brainstem. 

Coronal and sagittal scanning 
provide additional information, 
showing the exact anatomical 
relationship of the tumour to 
the sulci and gyri, the 
ventricles, the falx and the 
tentorium cerebclli. 

< 1 

, T1 weighted MRl !- ': 7 wirh gadolinium showing 
a haemangioblastoma 
involving the medulla. 

1. * .- . I 

Parawtapetic enhancement: intravenous gadolinium increases sensitivity of detection and 
clarifies the site of origin, i.e, intrinsic or extrinsic, and may delineate the border between 
tumour and surrounding oedema. 

Single or mrlltiple lesions: MRI appears more sensitive than CT scanning in identifying 
small tumours and improves the detection of multiple lesions, e.g. metastasis. 

AngiographylMRA: although angiography may reveal a turnaur 'blush' or vessel 
displacement, it is only occasionally required to supplement other investigations. In some 
patients, i t  provides useful preoperative information, c.g. identifies feeding vesscls to a 
vascular tumour or turnour involvement and constriction of major vessels. 

CSF examination: lumbar puncture is contraindicated if the clinician suspects 
intracranial tumour. If CSF is obtained by another source, e.g. ventricular drainage or 
during shunt insertion, then cytological examination may reveal tumeur cells. 

Tumour markers: although useful as am aid to histological diawosis (see page 2961, attempts to find a subsrance 
1n blood or CSF which reflects growth of a specific turnour have been limited - onIy thc link between elevated 
alpha fctoprorern and human chorionic gonadotrophins with germinomas of the third ventricle hclps diagnosis. 

DWERENTLAL DIAGNOSIS OF INTRACRANIAL MASS LESIONS (other than 
rumour) 

-- - Vascular - haematorna Infection - abscess -- lx 

- giant aneurysm - tuberculoma 
- arteriovenaus malformation - sarcoidosis 
- infarct with oedema - encephalitis. 
- venous thrombosis. 

Trauma - haematoma 
- contusion. 

Cysts - arachnoid 
- parasitic (hydatid). 
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I 
INTRACRANIAL TUMOURS - MANAGEMENT 

I 

1 STEROID THERAPY 
I Steroid? dramatically reduce oedema surrounding intracranial mrnours, but do not affect 

tumour growth. 
A loading dose of 12 rng i.v. dexamethasone followed by 4 mg q.i.d. orally or by 

injection often reverses progressive clinical deterioration within a few hours. After several 
days treatment, gradual dose reduction minimises the risk of unwanted side effects. 

Sellarlparasellar tumours occasionally prescnt with steroid insufficiency. In these 

L 
patients, steroid cover is an essential prerequisite of any anaesthetic or operative procedure. 

OPERATIVE MANAGEMENT 
Most patients with intracranial tumours require one or more of the following approaches: 

Cranioromy: flap of bone 
cut and rcflccted I 
If necessary, combined \, 

Burt hole: for stereotactic with either a stereotactic ', 
frame or preferably an 
image guided system 
(i.e. 'frameless stereotaxy') 
to give accurate lesion 
localisation (see page 
372). 

Transphenoidal route: 
through the sphenoid 
sinus to the pituitary 
fassa 

Craniectomy : burr hole 

Transoral soure: . - followed by removal 

removal oi the arch of thc of surrounding hone 
atlas, odonroid pcg and to extend the 
clivus provides access to exposure - routinely used 
the anterior aspect of the to approach the 
brain stem and upper cervical cord. Rarcly required - posterior fossa 
for anteriorly situated tumoum+ e.g. ncurofibroma, 

,- 

chordorna. ,/' 

The subsequent procedure - biopsy, partial tumozdr rernovol/internal deconl;pressinn or  
complete removal! - depends on the nature of the tumour and its site. The  infiltrative nature 
of primary malignant tumours prevents complete removal and often operation is restricted 
to biopsy or tumour decompression. Prospects of complete removal improve with benign 
tumours such as meningioma or craniopharyr'igioma; if any tumour tissue is overlooked, or 
if fragments remain attached to deep structures, then reccrrence will result. 



LOCALISED NEUROLOGICAL DISEASE AND ITS MANAGEMENT R INTRACRANIAL 

INTRACRANIAL TUMOURS - MANAGEMENT 

RADIOTHERAPY 
Presenz-day treatment of intracranial rumours with radiotherapy utilises one of the 
following: 

- m e p o l t a ~ e  dC-ra-~u 
- y rays from cobalt6' 
- electron beam from a linear accelerator. 
- accelerated parricles jrom a cyclotron, e.g. neutrons, nuclei of helium, protons (awaits 
full evaluation). 

In contrast to oIder methods of 'deep X-ray therapy', these modern techniques produce 
greater tissue penetration and avoid radiation damage to the skin surface. 
The  affect of radiotherapy depends on the total dose - usually up to 60 Gy, and the 
treatment duration, This must be balanced against the risk to normal structures. 
Treatment aims to provide the highest possible dose to a specified region whilst 
minimising irradiation to adjacent normal brain. Various methods have been developed to 
achieve this - 

Sre~eotactic irradiation where multiple converging beams from a linear accelerator or 
from multiple cobalt6' sources are focused on a selected target (see page 371). 

a Iarersritial techniqzres where the turnour is treated from within (brachytherapy) by the 
implantation of multiple radioactive seeds, e.g. iodinea5. 
Conformal rherapy where standard radiotherapy is administered, but the beams are 
shaped by the use of variable collimators or blocks which conform with t h e  shape of the 
-our, thereby eliminating normal brain. 

Radiotherapy is of particular value in the management of malignant turnours - malignant 
astrocyroma, metasrasis, rnedulloblastoma and germinoma, but also plays an important part 
in the management of some benign tumours - pituitary adenoma, craniopharyngiorna. With 
some rumours that seed throughout the CSE pathways, e.g. rnedulloblastoma, whole neural 
axis irradiation rninimises the risk of a distant recurrence. 

Carnp1icadons of radiotherapy: following treatment, deterioration in a patient's 
condition may occur for a variety of reasons: 
r Increased oedema - during treatment - reversible. 
m Dernyelination - after weeks, months - usually reversible. 
m Radimecrosis - in usuaIly 1-2 years (range 6 months-10 years) irreversible. 
Similar cornplicarions may involve the spinal cord after irradiation of spinal tumours. 

,' 
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INTRACRANIAL TUMOURS - MANAGEMENT 

CHEMOTHERAPY 
Chemotherapeutic agents have been used for many years in the management of malignant 
brain tumours, but clinical benefits remain uncertain. 

Drugs most commonly employed include nitrosureas (e.g. BCNU, CCNU, methyl- 
CCNU) procarbazine, vincristine and rnethotrexate. 

Patients with rnalignan't mmours can show a response to chemotherapy. When used as 
part of primary therapy a statistically significant prolongation of survival may result. The  
side effects of the treatment however leave the value of the few extra weeks gained in 
doubt. In malignant astsocytoma, the Nitrosoureas e.g. BCNU, are the most active drugs 
and are commonly used for the treaunent of relapsed patients. Chemotherapy for benign or 
low grade tumours is of limited value. Medulloblastoma commonly responds to treament, 
but its value in improving patients' survival is unclear. Chemotherapy does appear to havc 
a role in primary g e m  cell tumours and in primary cerebral Iymphoma. 

ProbIems of drug administration 
Toxicity: The ideal cytotoxic drug selectively kills tumour cells; but mmour cell response 
relates directly to the dose. High drug dosage causes bone marrow suppression. Often 
marrow depression occurs before an adequate therapeutic dose is reached. 

Drtq access: 'Toxic' doses are usually required before sufficient amounts penetrate the 
blood-brain barrier and gain access to the tumour cells. 

Intrinsic resistance: Some tumour cells appear to have an inbuilt resistance to certain drugs, 
The vast array of available cytotoxic drugs and the infinite permutations of combined 
therapy creates difficulties in drug selection. 

New approaches 
Cell mrflrinE: A4moclonoE ontibodies have been uqed in the hope rhat thev would serve as carricrs, taking cytotoxic 
drugs, toxins or rad~onuclides directly to the turnour site. Initla1 studies on intrinsic tumours have not lrvcd up tn 

expectations due to problems with access and transfer across ~e blood-brain barrier. 

Improving accesx: Modifying thc blood-brain barrier with m m i t o l  or prelirn~nary binding with liposomes may 
improve rhc passage of  cytoroxic d r u p  and monoclonal antibodies to mrnaur tissue. Similarly direa inrxautlrot~d 
iw;scriotp may improve access over conventional routes of  adminismtion. A recent study has suggested modest 
henefir fmm the ~ntraoperative placemenr of 'slow release' hiodeqmdahle polymers of RCNU in ~a t i en t s  with 
malignant glioma. Thesc methods await full evaluanon. 

In zlirro chmosensiriwiry restlq: This approach utilises cultured rumour cells fmrn biopsy materiaI. In virrn analyris 
of gowrh inhibition, or the rate of cell death foflorvlng application of a specific CINE, p i n t s  ::to the tumour 
'aensitivirv' of the drug under tmt. Tn practice, t h i s  technique appears to he of Ilmited valuc. AIrhaugh 
successfully identifying drugs which have na effect on the turnour, the demonstration o f  ~ytotoxic nctivitv in vitro 
dws not always reflect its in vivo pcrfnrmance. 

PROGNOSIS OF TNTRACRANIAL TUMOURS 
Patient prognosis depends on the specific tumour type; this is described for individual 
turnours on subsequent pages. , 
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TUMOURS OF THE CEREBRAL HEMISPHERES - INTRINSIC 

Intrinsic turnours arise within the brain suhsrance. 

ASTROCYTOMA (and glioblastorna rnultf formc) 
Astrocytomas may occur in any age group, hut are commonest between 40 and 60 ycars. 

Ma1c:fcmale = 2:1 
Primar-17 sires: Found in equal incidence throuehout the frontal, temporal, parietal and 
thalamic regions, but less often in the  occ~pital lohe. Microscopic cla~sification defines 4 
grades (Kcrnnhan J-IY), but this is of Iimited accuracy. A more practical description for 
rhe clinician divides tumours into either 'malignant' or 'law gradc'. 

'Malignant' astrocgtoma/glioblastoma 
multiforme 
Malignant astrocytorna (grade TII'EV) and 
glioblastoma multiforme (gradc TV) consri- MALIGNANT ASTROCYTDMA 

tute ovcr 40% of all primary intracranial tum- 
ours. Pcak age incidence At autopsy 

is 55 years. These rumours Overlying - 
widely infiltrate adjaccnt brain; g~ ri 

flattened spread to the 
growth iq rapid. At autopsy, and contralateral 
microscopic examination usuall!: pale 
reveals spread to 
mulriplc distant sires. I may present 

Necrotic areas ' 
may coalesce 
and form 
cystic cavities "butterfly' 

'Low ~ a d e '  astrocytoma 
Low gradc astrocvromas (grade I 'IT) make 
up 14% nf all primary intracranial mrnours 
and occur on averaRc at  an earlicr age than 
their malignant counterparts (about 40 pears). 

FlBRlLLARX ASTROCYTOMA _ Firm, rubbery 
texture with 
or without 

Infiltrates surrounding 
brain with minimal mass effect 
and neuronal damage 

Thesc tumours are diffuse and slowly 
growing, and composed of well 
differentiated astrocytic cells subdivided 
into fihrillary, protoplasmic o r  gcrnistocytic 
types. Although 'benign' they widely 
infiltrate wrrounding brain and lack a 
definitive cdpe or capsule. A furthcr low 
p d e  typc - the pilncvtic lor 'juvenile"] 
astrocytoma occurs in the hypothalamic 
region us well as in thc optic nerve (page 
336) and ccrebellurn (page 319). Sincc 
partial teqection may result in a cure, some 
believe pilcrcytic astrtlcyromas are 
'hamarsomas' - mcsodcrmat cell rests, rathcr 
than truc tumours. 
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TUMOURS OF THE CEREBRAL HEMISPHERES - INTRINSIC 

ASTROCPTOMA (contd) 
CtTNlCAL FEATURES 
Astrocytomas may present with: 
- epilepsy - more common w i ~  low grade tumours 
- signs m d  symptoms of focal brain damage - dysphasia, bemiparesis, personality change 
- signs and symptoms of raised intracranial pressure - headache, vomiting, depression of 
conscious level. 
Symptoms usuaIly develop gradually, progressing over several weeks, months or years, 

the rate depending on the degree of malignancy. Sudden deterioration suggests hacrnorrhage 
into a necrotic area. Xn a patient with long standing epilepsy, the rapid development of 
further symptoms may result from malignant change within a previously 'low grade' lesion. 

TNVESTIGATIONS 
SKzdII X-ray: of limited value; shift of a calcified pineal or erosion of the dorsum sella 
indicates the presence of an intracranial mass. 
CT scan: appearances vary considerably; in general, malignant and low grade lesions show 
different characteristics: 

Malignant astrocytr~maiglioblastoma multifotme 

The Icsion, Areas of mixed density, irreftdlarrl_v 
site and --e- a- . % enhance with contrast. No plane 
associated mass - 7~ / 

exists indicating between infiltration tumour and brain 
effect I .  - ventricular campression 
- midline shift / 

I 
I 
I arc clearly demonstrated I 

\ 
Surrounding regions \ Cenrral, low density regions 
of low density /- rcprcscnt necrotic areas or cystic 
indicate either cavities; neithcs enhances with 
oedema or contrast 
infiltrative 
turnour Low grade astrocytorna 

A low d e n d i n ,  trruolly 
- ~ m e n h a n c i ? ~ ~  with conrrasr suggests a 

low grade infilrrative lesion; 
detection is often difficult in early 
stages. 
Calcification occasionally occurs. 

MRI may detect low grade infiltrative turnours 
before these become evident nn CT scan. 



LOCALISED NEUROLOGICAL DISEASE A h  D ITS MANAGEMENT A INTRACRANIAL 

TUMO'CPRS OF THE CEREBRAL HEMISPHERES - INTRINSIC 

ASTROCYTOMA (contd) 
MANAGEMENT 

The  management of glial turnours varies depending on a number of factors - 
m the Iesion site 
e the degree of rnaIignancy 

the presence or absence of raised TCP 
* the degree of disability and the effect of steroid therapy 
0 the suspected nature of thc turnour on imaging 
e the patient's age 

the patient's wishes 

TREATMENT OPTIONS 
Steroid therapy: For patients presenting with symptoms of raised inttacranial pressure 
andlor focal neurological signs, a loading dose of dexamerhasone 12 mgs i.v. foIlowcd by 
4 mgs q.i .d. ,  by injection or orally, reduces surrounding oedema and leads to rapid 
improvement. Steroid treatment is an essential prerequisite to operation. Its introduction 
has significantly reduced the perioperative mortality. After several days, a gradual 
reduction in dosage avoids side effects. 

Biopsy: In most patients, imaging is insufficient to diagnose a malignant turnour 
confidently and biopsy provides a ti3sue diagnosis. Failure to confirm the nature of the 
Iesion, risks omitting treatment in benign conditions such as abscess, tuberculoma or 
sarcoidosis. Identification of turnour rype and 
grade gives a prognostic guide and aids Ultrasound probe 

further management. 

METHODS: 
Ulrrasor~nd guided - a brain cannula Biopsy cannula - 
inserted into the abnormal region permits on introduction-a 
aspiration of a small quantity of tissue 
for immediate (smear and frozen 
section) and later {paraffin section) - - < 
examination. Provided patients 
receive preoperative steroid cover 
&e risks are small, but occasionally 
biopsy produces or increases a focal Aspiration of fluid from 

deficit or causes a fatal haernarrhage. a cystic cavity may - . -  
- . I  

provide a temporav 
.I decompression. 

Eranzed or frameless srereoractic merhnds (see page 372) - permit accurate placement of a fine 
cannula a t  a predetermined site scIcctcd on C1' scan or MRI. Stereotactic guidance is 
essential for small andlor deep inaccessible lesions (e.g. hypothalamus). Frior selection of 
the needle path avoids vessels and important structures, thus minimising the risks. Since 
the degree of malignancy varies from region to region within a single lesion, several 
samples are taken from different sites to increase accuracy. If findings vary, then the region 
of greatest malignancy dictates t h e  tumour grade. These techniques are now frequently 

308 used, even for mare accessibIe lesions, due to the Iow mortality and morbidity. 
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ASTROCYTOMA 
TREATMENT OFTIONS (contd) 
Open operation : - open biapsy perhaps combined with ultrasound or 

- internal tt4mour decompression with framed or frameless stereotaxy to 
aid turnour localisation. 

Through a cranjotomy, the surgeon performs an 'open' biopsy under direct vision, or 
resects as much tumour tissue as is safely feasible without damaging eloquent regions. The  
difficulty lies in the absence of a plane of cleavage between tumour tissue and brain. 
Stereotactic methods can identify thc  boundaries seen on CT scan or MRI but this is 
limited by the resolution of the imaging. Large resections are most safely performed in the 
frontal, occipital or non-dominant temporal lobes. Reduction of the turnour mass improves 
the effect of adjuvant therapy. 
Radiotherapjj: Most effective in rapidly growing tumours - grade 111 and IV. Radiotherapy 
extends survival, but does not cure. Studies show a dose-effect relationship - the greater 
the dose to the turnout area, the Iongcr the survival. Methods of 'conformal' therapy and 
'interstitial radiotherapy' (see page 304) aim to achieve this. 
Chemotherapy: Various combinations of chemotherapeutic agents (e.g. BCNU, 5- 
fluorouracil) have been used in the management of malignant astrocytoma and glioblastorna 
rnultiforme. A proportion of tumours undoubtedly respond to chemotherapy and survival 
times are increased by approximately 6 weeks, side effects reduce the quality of life. 
Treatment is usually reserved for recurrent turnours, A recent study of slow release 
camustine from biodegradable poIymets placed in the tumour bed has suggested a 
significant benefit, but othcr attempts at improving drug access have not gained favour. 
Treatment selection and prognosis Since treatment cannot cure, the clinician must 
consider quaIity of survival as well as the duration. 
Mal~nanr  mtrocycoma~gIioblustorna mulsiforme: Despite modern techniques, these tumours 
still carry a grave prognosis, irrespective of the 
seIected rreatment. 

Although there are many protagonists for 
aggressive operative treatment, benefits remain 
unconvincing. Extensive tumour resection extends 
average survival by only 1 or 2 months; at 1 year, the 
percentage of patients surviving varies little, 
irrespective of whether burr hole biopsy or -our 
resection Is performed. Complete removal is impossible; even the formidable 
'hernisphercctomy' fails due to interhemispheric spread. Radiotherapy appears to have the 
greateqt effect, extending the mean slmival period by 3-4 months. 

Median survival (months] 

I Burr hale biopsy 3-4 
Turnour resection 6 
Burr hole biopsy 

I 

I 
+ radiotherapy 6-8 
Turnour resection 

I + radiotherapy 9-1 Q 

Management policies vary widely, but in gene&$ ri~nlour resection wirh radiotherapy is 
considered in: 
- younger patients - patients with symptoms of raised ICP from the mass effect 
- patients with 'accessible' lesions - patients without severe disability 
Turnour recurrence in these patients may warrant chenroth~rapy or even reoperation with 
or without interstitial radiotherapy. 
A diagnostic biopsy may be appropriate in - the elderly, and in patients with marked 
disability (e-g. severe dysphasia), 
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ASTROCYTOMA (contd) 
Low grade astrocyroma: A poorly defined region of low density an CT scan without 
contrast enhancement suggests a low grade tumour (grade I or 11) with a better prognosis. 
In such patienzs who often present with epilepsy without other symptoms, there is no 
evidence that active intervention with operation and/or radiotherapy changes outcome. In 
this instance, both clinician and patient may prefer to follow a conservative approach. If 
subsequent CT scanning shows definitive tumour progression (expansion or contrast 
enhancement, or if clinical symptoms supervene, then surgical treatment and radiotherapy 
can follow as appropriate, 
About 5 0 4 0 %  survive 5 years irrespective of treatment; about 40% survive 1 0 years. 

OLIGODENDROGLIOMA 
Oligodendrogliomas are far less common than astrocytomas. They occur in a slightly 
younger age group - 3&50 years, and usually involve the frontal lobes. Occasionally 
involvement of the ventricular wall results in CSF seeding. OFigcdendrogliorna 
Calcification occurs in 40%. 

In contrast to astrocyromas, the tumour margin Turnour edge 
often appears well defined. OIjgodendrogIiomas well demarcated --. 
are usually low grade mmours, but the rate of Radiological 
growth and the degree of malignant change can calcification -- 
vary and anaplastic forms can exist. Malignant 
change may resulr in a histological pattern 

Some tumours involve the ventricutar 
resembling glioblastoma multiforrne. wall - CSF seeding may occur 1 
Management: as for astrocyromas. Low grade lesions may benefit from 'complete' 
or 'partial' excisian. Radiotherapy has most effect in malignant tumours. 
Prognosis: depends on the tumour grade. Long term survival (over 20 years) is 
occasionally recorded, but in tumouss showing malignant change, expected survival 
compares cIasely with rhat of malignant astrocytorna. 
Mixed astr~cyt~ma~oligodendroglioma: Histology may reveal a mixed form with areas 
of astrocytic change scattered bctwcen the oligodendrogIioma. In these, grading and 
outcome depends on the asrrocytic component. 

HYPOTHALAMIC ASTROCYTOM.4 
Hypothalamic tumourli uwally occur in children; they are uwally asrrocytomas of the piloqtic (juvenile) rype. 
The clinical cffea of hyporhaImic damage rakes different forms. Inirially rhe child ~ U I E J  to rhrizle and become5 
emaciored. Signs of panh.vpopit~titatism may devehp. Evmmallv an anabol ic phase results in obesity accompanied 
by cilabprer rn~ipidiis and dela~led pztht.rry. Disturbance of affect and of sleep -wake rhythms may occur 

Upward rumour extensinn may obsrruct the 
foramen of Munro and causc h.vdroce~ni~is .  - - , _ 

. 
Involvement of the tubctal region may result in the rare pre- '\ 
sentatinn oF precociorrs prthtrty with secondary sexual charac- 
teristics developing in children perhaps only a fcw years old. I 

Downward extension invades thc optic chissma and impairs vision. 
Management: The site of the lesion prevents operative 
removal; a stcreotactic biopsy may aid tumour identification. 
T f  hydrocephalus is presenr, a bilateral ventrirrulopcrironed 

310 shunt relieves pressurc symptoms. Radiotherapy is of doubrfuI value. 
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METASTATIC TUMOURS 
Any malignant tumour may rnetastasise to the brain. Malignant 
melanomas show the highest frequency (66% of patients); this contrasts 
with tumours of the cervix and uterus where < 3% develop intracranial 
metastasis. The most commonly encountered metastatic intracmial 
tumours arise from the bronchus and the breast; of patients with 
carcinomas at these sites, 25% develop inrracraniat metastasis. 
In up to 50% of patients, metastases are multiple. 

Spread usually haematogenous. Ocasionally a metastasis to the skull 
vault may result in a nodule or plaque forming over the dural surface 
from direct spread. 

Common pra'maiy sites 
- bronchus 
- breast 
- kidney 
- thyroid 
- stomach 
- prostate 
- testis 
- melanoma 

Intracranial sites T% cerebral hemispheres Involvement of the ventricular wall or 
% cerebellum 1 encroachment into the basal cisterns may 

result in tumour cells seeding through the 
CSF pathways - malignant meningitis. 

Surrounding oederna is often marked. 

Tumour margin - well defmed. 

'- Necrotic areas may break down to form cystic 
cavities containing a pus-like fluid. 

Clinical features 1- 

Patients with supratentorial metastatic turnours may presena with epilepsy, or wirh signs 
and symptoms occurring from focal damage or raised intracranial pressure. Cerebellar 
metastases are discussed on page 3 17. Malignant meningitis causes single or multiple 
cranial nerve palsies and may obstruct CSE drainage (sec page 497). 

Investigations 
A CT scan shows single or multiple Metastatic lesions usually 
well demarcated lesions of variable 5- ' '17T, enhance with contrast. 
size. Often an extensive low densiry A ring-like appearance 
area, representing oedema, surrounds may resemble an abscess - 
the lesion. but the wall is irscgular 

and thickened. 

MRI scanning, with and without paramagnetic enhancement, is even more sensitive than 
CT in detecting small metastatic lesions. 

The search for a primary lesion if not already eszablishcd must include a thorough 
clinical examination and a chest X-ray. Other investigations including barium studies, 
intravenous pyelogram (IVP), abdominal CT scans, ultrasound and sputum and urine 
cytology have questionable vaiue, unless clinicallp indicated. 31 1 
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METASTATIC TUMOURS (cnntd) 
Management and prognosis: 
Corticosteriods (dexamethasone) have a dramatic, rapid effect, producing clinical 
improvement in most patients. 
- Soln'tary lesions: If the tumour lies in an accessible sire, complete excision followed by 
radiotherapy provides good results - survival usually depends on the extent of extracranial 
disease and its ability to respond to treatment rather than on intracranial recurrences. 
Stereotactic radiosurgery provides a valuable alternative, particularly for lesions less than 3 
c m s  in diameter. In patients with no other evidence of systemic cancer, the median survival 
period approaches 2 years-In patients with other evidence of systemic disease, results are 
less good with a median survival of 8 monhhs. 
- MuItipIe Iesims: In  these patients, operative removal is seIdom practicaI or possible. 
Provided no doubt exists about the diagnosis (i-e. multipIe abscesses or tuberculomata may 
resemble metastatic deposits) then whole brain irradiation is administered, 

PRIMARY CNS LYMPHOMA (PCNSL) (syn. MICROGLOMATOSIS, NON H O D G K T N " ~  

LYMPHOMA) Single or multiple P- ccll lymphoma usually lie deep within the basal 
ganglia or in the periventricular region. Some are discrete lesions, others extensively invade 
surrounding brain. Histology shows sleeves of primitive reticdurn cells extending outwards 
from the blood vessels. The incidence is significantly increased in AIDS and in 
immvnocomprornised patients. 
CSF examination is imporrant; 30% of patients with PCNSL show positive cytology. A 
positive Epstein-Rarr test 
in CSF is diagnostic of .,+I - > , 

9 ? ' '  ~ 

Multiplicity 
AIDS lymphoma. also suggests 

UT scan: shows lymphoma. 
an enhancing 
hornogcnous hyperdensc -t region, often in a Same patient Z ~ E C ~  

periventricular lacation 7 days sreroid trcatmenr 

Management: In AIDS patients, CT and MRI fmding of PCNSL appear similar to 
toxoplasmosis; antiprotozoal therapy should be tried first. Failure TO respond indicates the 
need for biopsy. Seeroids can cause dramatic shrinkage, and the CT scan should be repeated 
if any delay occurs prior to biopsy. Radiotheropy also has dramatic effects, but with this 
treatment alone, the median survival period is only 10-12 months. Recent studies show 
that chemotherapy (in patients with a normal immune system) can increase median survival 
to up to 44 months. Some now advocate delaying radiotherapy treatment until a recurrence 
occurs. AIDS patienrs, who can only receive radiotherapy, have a median survival of 3 
months. 
GANGLIOGLIOMA 
This is a rare tumour occurring in thc younger age grnup (<  30 years), composed of abnormal neuronal growth 
mixed with a giial component, The proport~on or each m m p n e n t  varies from paticnt to patient. Growth 1s slow 
and malignant change uncommon; when this occur!: i t  prlihahlv develops in the glial component. 

 management folbws rhar of  low grade asrrocvtomas. 

NEUROBZASTOMR 
Rarely occurti intracranially in childrm < 10 ycars. Highly cellular, malignant lcsion composed of small round 

312 cells, some showing neurnnal differentiation. 
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Extrinsic tumours arise outwith the brain substance. 

MENINGIOMA 
Meningiomas constitute about one-fifth of all primary intracranial tumours. They are slow 
growing and arise from the arachnoid granulations. These lie in greatest concentration 
around the venous sinuses, but they also occur in relation to surface tributary veins. 
Meningiomas may therefore develop at any meningeal site. Occasionally they are mul~iple. 

I Meningiomas present primarily 
in the 40-60 age group and have a Sites of intracranial rneningioms 

slight female preponderance. They 
arc principally benign tumours, 
although a malignant form exists. 

Olfactory 
Pathology 
Various histological types are 
described - syncytial, transitional, 
fibroblastic and angioblastic~ 
different types may coexist within 
the same tumour. These distinctions 
serve little clinical value, although 

t it is important to identify the 
haemangiopericytic varianr of the 
angioblastic group as we11 as the 
malignant type, as these indicate 
the likelihood of rapid growth and 
a high rate of recurrence following The remainder arise from the middle fossa, 
removal. orbital roof and lateral ventricle 

I Macroscopic appearance A reactive hyperostosis develops in adjacent bone, forming 

I The  dural origin usually a sweIling on the inner table. Hyperostosis affecting the 
incorporates the main outer table may produce a palpable lump. Turnour tissue 
arterial supply. -. -. may infiltrate adjacent bone. --. _ 
The tumour surface, --._ I' 

although often lobulated, Parasagittal tumours may 
is well demarcated --,- invade and obstruct the 

-. 
from the surrounding '- 

brain and attached 
only by small bridging 
vessels. . _ patient to patient - some are 
Markcd oedema often 

I 
firm and fibrous, others soft. 

develops in the ----- - -  - -b 
Calcp-ied deposizs (psammoma 

i surrounding brain. bodies) are often found. 

En-plaque r n e n i n ~ i m a :  In some patients, rather than developing a spherical form, the 
meninginma spreads 'en-plaque' over the dural surface. This type often arises from the 
outer aspect of the sphenoid wing. 353 
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MENINGIOMA Clinical features: 
Approximately a quartcr of patients with meningioma present with epilepsy - often with a 
focal component. In the remainder, the onset is insidious with pressure effects (headache, 
vomiting, papilloedema) often developing before focal neurological signs become evident. 

Notable characteristic features occur, dependent on the tumour site - P A R A S A G T ~ A L :  
PARAFALCINE turnours lying near the vertex affect the 'foot' and 'leg' area of the motor or 
sensory strip. Parrial seizzrres or a 'pyramidal' weoktzess may develop in the leg (i.e. 
primarily affecting foot dorsiflexion, then knee and hip flexion]. Extension of rhe lesion 
through the falx can produce bilateral leg weakness. Posreriorly situated parasagittal 
tumours may present with a homo?ylmnus hemiaptopia. Tumours arising anteriorly may grow 
to extensive proportions bcfnrc causing focal signs; eventually minor impairment of memory, 
intellect and personalir-y m a y  progress to a profordtad dernenria. 
IhWER SPHENOIDAL WING tumours may compress the optic nerve and produce uisfdal 
impairntent. Examination may reveal a central scntoma or other field defecr with optic 
arrophy. 
N.R. The FOSTER KENNEDY syndrornc dcnotcs a tumour causing optic atrophy in nne fundus from direct 
pressure and papilloedema in h e  other due to increased inmacranial prcrssure. 

Involvement of the cavernous sinus or the superior orbital fissure may produce prosis 
and impaired e+ve movements (111, IV and VI ncrve paIsies) or facial pain and anaesthesia (VI 
nerve damage) - see diagram on page 149. Proprosis nccasionally results from venous 4 

obstruction from rumour extension into the orbit. 
OLFACTORY GROOVE tumours destroy the olfac tw~ bulb or tract causing unilateral 
followed by bilateral anosmia. Often unilateral loss passes unnoticed by the patient; with 
turnour expansion, dementia may gradually ensue. 
SUFRASELLAR W Q U r S  - see pages 3 2 6 3 3 6 .  
Investigations: ---Bony hyperostosis - radiating spicules 
SKULL X-RAY - note: occasionally seen ('sunray' effect). 
Associated signs of long- 
standing increased ICP, .- -. '-- 15% show calcification. 
i.e. posterior clinoid erosion. 

' - - +  Dilated middle meningeal groove. 
CT SCAN 

Before i.a. contrasr 

Meningioma - we11 circumscibed lcsions 
of a densitv usuallv 
grearer than, or 
equal to brain with 
a surrounding 
area of low 
attenuation (oedema). 
Calcification may 
be evident. 

314 

After i .w, contrasz 

A dense, usually 
homogeneaus 
enhancement 
occurs after 
contrast 
injection. 
N.B. CT is more 
sensitive than 
MRI in rneningiorna 
detection. 
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MENINGIOMA Jnvestigations (contd) 
MRI: On T1 weighted images most meningiomas 
are isointense with brain, but after gadolinium 
injection, they diffusely and strikingly enhance. 
T2 weighted images give useful preoperative 
information by identifvjng major vessels and r * 
showing their relationship with the turnour. 1 <! ' 

I ANGIOGRAPHY: Characteristically shows a highly 
! vascular lesion with a typical tumour 'blush', but a 

with the availability of MRI, its main value is in 4 : . $  
'-. selective catheterisation and embolisation of 

external carotid feeding vessels to reduce turnour 
vascularity and diminish operative risks from 
excessive hacmorrhage. 

Management 
Managcrnent aims at complete removal of both the tumour and its origin without damaging 
adjacent brain; but this depends on the turnour site and its nature. Even with 'convexity' 
tumours, where complete excision of the dusal origin is possible, overlooking a small 

t 
fragment of tumaur may result in recurrence. This is more likely with haemangiopericytic 
or malignanr meningiomas where the plane of cleavage is often obscured. 

PararaRittal menindoma 

-Resection of the posterior two-thirds of the s a ~ r t a l  
anteriot one-third ! sinus carries an unacceptably high risk 
of the sagittal of bilateral venous infarction; in this region 
smus pcrm~ts total: every effort i s  made to spare rhe sinus 
resection of the rumour and i t s  draining vein%. 
and origin. 

Turnours arising from the skull base seldom permit excision of she origin. Occasionally the 
patient'? age or the tumour site prevents operation or allows only a limited removal; in 
these patients, a conservative approach may be more appropriate, only intervening if 
tumour progression causes disabling symptoms. Alternatively stereotactic irradiation could 
be considered. Standard radiotherapy is unlikely to help unlcss histology reveals the 
haernangjopericyhic variant or evidence of malignant change. 
Operative results: with modern techniques, operative mortality has fallen to less than 5% 
bur this varies depending on the size and position of the tumour. 
AIthough in wirra studies have demonstrated numerous hormonal receptors (e.g. 
progesterone and oestrogen) in meningioma tissue, clinical studies of hormonal therapy 
have as yet failed to show any benefit, 

Tumour recurrence: depends prcdorninantly on the completeness of remevaI. Tunsour 
type seems less important although a hieher rate of recurrence has been reported in the 
haernangiopericytic variant of the angioblastic group as well as in tumours showing 
malignant features. 
Meningiomas recur in up to one-third of patients followed up for more than ten years. 31 5 
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ARACHNOTD CYSTS 
These cystic collections of CSF-like fluid lie in the Sylvian 
fissure, the chiasmatic cistern, the cisterna magna or over the 
hemisphere convexity. Some are related to a previous infective 

/'meningitis with subsequent adhesions but most are probably 
congenital in origin. Those occurring in the Sylvian 
fissure may be associated with temporal lobe agenesis. 

OccasionalIy arachnoid cysts present with mass effects, due 
ra a one-way valve effect and progressive enlargement, but 
more often they are found by chance on CT scan. 

I(̂"- CT scan: shows a low density (CSF 
density) well demarcated lesion, 
occasionally producing expansion 
of the over-lying bone. 

Treatment: only required if the mass effect becomes symptomatic - tnarsupialisarion or 
cjlstoperironeal shunr, 

EPTDERMOlD~ERMOm CYSTS 
These cyqrs, more commonly found In the posterior foasa (page 325), occasionally develop in r h c  SyI~ian or 
interhemispheric fissure. Thcy are either of congenital or acquired origin due to implantation and sequestration of 
ectoderm. They may present with epilepsy, fearures nf raised inrracranial presrure nr with focal neurolo&l rifls. 
Rupture into the subarachnoid space causes a chemical meningitis. 

On CT scan, the extreme low attenuation of the cyst contents 1s charaaeristic. Symptoms may ncccssitatc 
operative evacuation of h e  cyst contents. Rcmoval of the cyst wall is difficult and reaccumulation may occur. 

Lipomas 
1.ipomas are usually found incidentally on imaging or at  autopsy and arc often associated wirh other 
develnpmenral anomalies such as agenesis of the corpus caHosurn. They  arc located in midline structures e.g 
cnrpus calln~urn, dorqal midbrain and cerebeIIar vermis. They require no treament. 
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CEREBELLAR METASTASIS 
In adults, metastasis is the commonest tumour of the cerebellar hemisphcre. Primary 
tumour sites match those of supratentorial lesions (page 31 1). 

Clinical features: may present acutely or progress over several months. 

, CSF obstruction hydrocephalus - signs and symptoms of raised 
intracranial pressure. 
Cerebellar s i ~ n s  - ataxia, nystagmus, dysartfiria, inco-ordination. 
I *  

xtension into the ccrebello-pontine 
angle may damage cranial nerves 
V-XII-  especially if a maitffnant 
plaque develops. 

Investigations 
CT scan shows a well-defined solid or cystic lesion lying 

1 
within the cerebelIar hemisphere and enhancing irrtlgularlv 1 - 

't 

1 47h 

with contrast, 
/ vent~icle 

Obstructive hydrocephalus is often evident on higher \ displaced 
\-- -2r 

scan cuts. As with cerebral metastases MRI is more 
sensitive. 

Management 
Operaave remoe~al of a single metastasis through a suboccipjtal cranicctomy is worthwhile, 
provided the patient has a reasonable prognosis from the primary tumour. Risks are small - 
extensive cerebellar hemisphere resection (on one side) seldom produces any significant 
permanent deficit. A course of radiorherapy can fellow operation if resection is incomplete. 
Persistence of obstructive hydrocephaIus requires a ventrimloperitoneal shunt. 

HAEMANGIOBLASTOMA 
This benign tumour of vascular orisin occurs 
primarily in the middle 
more prevalent in -*'-. 
comT---- --!-- 

adults. ~n some parlenrs, naernang~otsrasrornas 
occur at other sites, e.g. the spinal cord and 
retina and may be associated with other 
pathologies, e.g. polycythaemia and cysts in 
the pancreas and kidneys - V o n  Hippel-I,indazd # 

disease (page 542). 

HAEMANGIOBLASTOMA 
This benign tumour of vascular origin occurs 
primarily in the middle-aged; it is slightly 
more prevalent in males and is the Reddish brown tumour nodule - 

sually associated with 
commonest primary ccrebeIlar turnour of 

a cystic cavity 
adults. In some patients, haernangjoblastornas containing 
occur at other sites, e-g. the spinal cord and xanthochromic 
retina and may be associated with other fluid 
pathologies, e.g. polycythaemia and cyst? in d 

the pancreas and kidneys - V o n  Hippel-I,indazd #0° 

disease (page 542). 

often present an 
cerebellar surface 
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HAEMANGIOBLASTOMA (contd) 
Clinical features 
Cerebellar signs and symptoms or the effects of CSF obstruction usually develop 
insidiously. Occasionally subarachnoid hawnorrhage occurs. In female patients, symptoms 
often appear during pregnancy. Potycythaernia due to increased erythropojetin production 
is common. 

Investigations 
CT scan shows a well defined low density cyctic region 
in the cerebellum wirh a strongly enhancing nodule 
in the wall. Occasionally, multiple lesions are cvjdent. 1 

nodule 
MRJ gives more anatomical detail (see pages 39-41]. , 

cyst d 

Management 
In most patients nperarbc removal of the tumour nodule is straightforward, 
but recurrences (or further turnours at other sites, e.g. spine) 
develop in 20%. 

MEDULLOBLASTOMA 
Medulloblastomas occur predominantly in childhood, with 

1 
-- -- a peak age incidence of about 5 years. They arise in the 

cerebellar vermis and usually extend into the 4th ventricle. All 
are highly malignant and spread readiIy throughout the CSF 
pathways, often seeding to the lateral ventricles or the spinal 
theca. The origin is uncertain hut appears to arise from 
primitive embryonic cells. 

Clinical features 
Destruction of the cerebellar vermis causes truncal and gait ataxia often developing over a 
few weeks. 

Alternatively, the patient presents with s i g n s  and symptoms of raised intracranial 
pressure due to blockage of CSF drainage. In the very young, failure to recognise these 
features has resulted in permanent visual loss from severe papilloedema. 

Investigations 
CT scan shows an , -- . 
isodense midline 
lesion in the 
cerebellar vermis, 
compressing and 
displacing the 4th 
ventricle and 

I Higher cuts shows dilated 
ventricles, sometimes containing ?.' CSF turnour seedlings. 

enhancing strongly - .  

with contrast. 

31 8 MRI may provide more anaromica1 detail 
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MEDULLOBLASTOMA (cons4 
Management 
Staging is essenrial because of the high incidence of leptomeningeal spread and bone 
marrow involvement. Assess this with spinal MRI with gadolinium, CSF analysis and bone 
marrow examination. 
Operation: The  aim is to remove as much mmour as possible, yet producing minimal 
damage to surrounding tissue, in particular crucial structures in the floor of the 4th 

I ventricle. Some patients require a CSF shunt, although this provides a further potential 
route for tumour seeding. 
Radiotherapy: Medulloblastomas are radiosensitive. Whole neural axis irradiation artempts . . 

to cover any CSF seeding, 
Chemotherapy: Although medulloblastomas respond to chemotherapy and are routinely 
treated, the extent to which they alter the quality or duration of survival i s  far less certain. 

Prognosis 
Studies in the last decade show a 5-year survival of approximately 4040%.  With present 
treatment methods, it is hoped this figure will approach 70%. 

CEREBELLAR ASTROCYTOMA 
In contrast to astrocyzornas of the cerebral hemispheres, cerebellar astrocytomas are usually r low grade mmours of the fibrillasy or pilocytic types. They are particularly common in 
children and carry an excellent prognosis. Occasionally a more diffuse or annplastic type 
occurs with a less favourable outcome. They usually Tie in the cerebeilar hemisphere or 
vermis but occasionally extend through a peduncle into the brain stem. Many have cystic 
components. 

Clinical features 
Cerebellar signs and symptoms tend to deveiop gradually over many months; if CSF 
obstruction occurs, the patienr may present acutely with headache, papilloedema and 

I deteriorating conscious level. 

Investigations 
CT scan - dcnsity changes and the degree 
of contrast enhancement are variable. 

Often a low density 
cystic area abuts or .-!-k-y \ f r  9 : ~  * 4th ventricle 
encircles the turnour mass d l -  ' , 6 Displaced 

Management 
Ideally, complete operative removal is attempted provided the brain stem is not involved. 
With 'juvenile' pilocytic turnours, long-term survival is likely. Even after partial removal 
'cures' have been rcported; although histologically similar to some supsatentorial lesions, 
growth characteristics clearly differ. Persistent hydrocephalus may require a 
ventriculoperitoneal shunt. 319 
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BRAIN STEM ASTROCYTOMA 
Rarely, astrocytomaq arise with~n h e  brain srrrn. Most are o f  the fihrillary or pilocyrlc types and diffisely cxpand 
the  pontine region although they can bc rnalimant. They develop mainly in chrldren or young adults. 

Clinical features 
Cranial nervc palsies and long tract signs gradually develop as the rumour progresses. Eventually consciouq leve1 is 
impaired. More malignant gliomas arc assomared with a rapidly progressing course, often with s i p s  of raised 
intracranial pressure. 

Investigations 

CT scan may show 
low density within /-Gh 
the brainstem, with 
absence of surrounding 
cisterns and posterior 
displacement of thc 
4th ventricle 

I + 
M R l  sconnir;~ is superior to 
CT scanning in thr detection , 
and cvaluat~on of brain stem y- 

i asrrocytorna. 
Y 

Management 
Operative exploration is rarely indicated. Radiotherapy is ofrcn admini~tered, usually dtcr a stereomctic hiopsy, 
with occasional palliation nf symptoms and uncertain effect on survival. Chemotherapy is of no value. 

Prognosts 
At best, the 5-year surviva1 following radiotherapy is 351/0. Rarely, patients may survive lor up to 20 gears with 
minimum disability. 

TUMOURS OF THE POSTERIOR FOSSA - EXTRINSIC 

ACOUSTIC NBUROMAlSCHWANNOMA 
Nerve sheath tumours are the commonest infratentorial tumours, constituting 6% of all 
primary intracranial tumours and 80% of cerebellopontine angle lesions. They usually 
present in middle age (40-50 years) and occur more frequently in women. Bilateral 
neuromas occcur in 5'Yn of patients and are characteristic of type 2 neurafibromatosis 
(NF 2) (page 5401, 
They are benign, slowly growing turnours Cerebella-pontine 

which arise primariIy from the westibular 
portion of the VIII cranial nerve and lie in the 
cerebellopontine angle - a wedge shaped area 
bounded by the petrous bone, the pons and the 
cerebellum. Rarely these tumours arise from the 
V cranial nerve. 

Cere bellurn 



LOCALlSFO NEUROLOGICAL DISEASE AND ITS MANAGEMENT A INTRACRANIAL 

TUMOURS OF THE POSTERIOR FOSSA - EXTRINSIC 

ACOUSTIC NEUROMA/SCWAWOMA (conrd) 
Pathology: The other type of nerve sheath tumour - ncurofibroma (page 295) - does not 
occur intracranially. 

Different histological types exist, often within the same turnour: 

Anronr typc R - 
shoaIs and 
whorls of 
tightly packed 
cell? in ~ O U P F  

or palicades 

Antoni typc J3 - 
a meshwork of 
interlinked 
loosely packed 
stellate cells. 

Clinical features 
Parients with acoustic tumours often cnmplain of occipiraI pain on the side of the tumour. 
In addition: 

VII1 nerve damage causes a grtrd'ta''~' V nerve damage causes facial pain, numbness and 
propessietc sensorineural deafness , parcsssrhesia. Depression qf the corneal reflex is an 
noted over many months or years. : important carly sign. 
Verrigo is rareIy troublesome since , 
slow turnour growth readily permits ,' Compression of the aqueduct and the 4th 
compensation. Similarly tinnitus is 1 

I ventricle may result in hydrocephalus 
usually minimal. I 

\ P with syrnptoms and s i ~ n s  of raised inrracranial! 
\ I 

I pressure. 

I 

Cerebellar and pontine damage - large turnours 
IX, X and XI nervc damage seldom may compress the cerebellum causing araxia, 
occurs but occasionally large turnours ipsilateral inco-ordination and n-vstarmtds. 
causc small ow in^ diUicult_y, voice c h a n ~ e  Pontine damage may produce a contraIareraI 
and palatal weakness. hemipa resis. 



COCAl.lSEO NTUROLOGICAL DlSFhSE A N D  ITS MAYAGEVENT A IVTPACRANIAL 

T'UMOWRS OF THE POSTERIOR FOSSA - EXTRINSIC 

ACOUSTIC NEUROMASSCWANNOMA (con ad) 
Investigations 
Ketrro-orologicul rest (set page4 6 M 2 )  I hclp differentiate deafness due to: 
- audiomcq 

I 
conductivc deficit 

- spcccll audiomctry cochlear dcficit 
- stapcdial reflex decay ' sennorineura.al- / rcrrocncbleor dqficb 
- brain stem auditory evoked potenria1 (e.g. acoustic turnour) 
- caloric testing - invariably shows absence or impairment of the rcspunse on the affected sidc. 

CT scan I.V. c@nFrast i s  essential, since acoustic turnours are often 
isodense. Mtcr contrast the tumour, lying adjacent to the 
IAM cnhances stronplv, Low density cystic arcas are 
occasionally sccn. Pat~cnts with 4th ven trick compression 

/- \, 
may show associated dilatation of the 3rd and latcral 
ventricles. 

CT scanning also dernontrazes 
thc size of the mastoid air cells - 

Acoustic useful information for operation. 
muroma Mhventricle 

>. - 1 

I -_ Bone window levels usually show dilation - ; Norm,, 
of the internal auditory meatus. 

l i 
internal auditory 
meatus 

M R I  
T h e  investigation of choice, particularly for small intracanaIicular turnours. On a TI 

weighted i m a ~ c ,  the lcaion enhances strongly after i.v. gadolinium. 

- dilated 
ventricles 

I 

Coronal - 
section 
showing an 
acoustic 
neuroma 
indenting the 
pons and 
extending into 
the internal auditory 

322 meatus. 

norma! x*&$ Ls- Coronal section 
Vlll showing small 
nerve intracanalicular 

turnour 



FOCALlSED NEUROLOGICAL DISEASE AND ITS MANAGEMENT A INTRACRANIAL 

TUMOURS OF THE POSTERIOR FOSSA - EXTRINSIC 

ACOUSTIC NELJR611ZAISCHWANNOM.A Management 
Treatment aims at - tumour removal with minimal risk, 

- pres~rvation of facial nerve function, 
- retention of useful hearing unless this is already lost. 

Since the chance of success relates directly to turnour size, few advocate a conservative 
approach, even though the growth rate is usually slow. 

Technique 
Middle fossa approach: temporal lobe rerraffion exposes thc amustic 
rumour and facial nerve from above. The tenrorium cerebclli and the 
superior petrnsal s~nus are divided if necessary. 

TRANSLABYRINTHINE APPROACfI: approaching the turnour 
through the mastoid air cells and the labyrinth, permits early 
identification of the facial nerve; tumour decompression an, 
removal follows. 

SU&OCCTPTTAL APPROACH: the cerebellopontine angle is 
approached from below by removing occipital bone and 
retracting the cerebellum. 

Tumour dcbulking aids dissection of the tumour capsule 
from the surrounding struaures, including the facial nerve. 
Drilling away the posterior wall of the internal meatus 
exposes the tumour and facial nerve lying within the canal. 

Some surgeons prefer a joint ~anslabyrinthine/suboccipital approach. 

All methods have their advocates. Limited visualisation of the brain stem structures 
through a translabyrinthine approach makes this inappropriate for large tumours. 
Inevitably this approach damages hearing. With very small turnours, careful removal via 
the suboccipita1 route may preserve the cochlear nerve as well as facial nerve function. 
Peroperative electrophysioIogical monitoring may aid preservation of these structures. 

Results 
Outcome relates to tumovr size. With a tumour diameter of 5 mrn or less, some hearing 
can be preserved in about 50% and facial nerve function in > 90%. With tumours of 
2-3 cms, all lose hearing and only 50% retain facial nerve function, and this may take 
many months to recover. Incomplete eye closure may require tarsorrhaphy to prevent 
corneal ulceration. When facial nerve palsy persists, hypoglossal-facia/ anastomosis may 
improve the cosmetic result. Swallowing difficulty from X cranial nerve damage seldom 
persists; intravenous or cautious oral fluid administration should prevent aspiration. 

The  risk of death or severe disability approaches 5 %  for very large rumours. Death usually 
results from damage to important vascular structures (e.g. anterior inferior cerebeI?ar 
artery) or from postopexatjve cerebellar swelling. 

Every effort should be made to remove all turnour tissue, with a two-stage operation if 
necessary. IncompIete removal results in late recurrence. Despite this, in some elde~ly 
patients, a subtotal intracapsuIar decompression may provide the safest approach. 323 
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LOCALISED NEUROLOGICAL DISEASE AND ITS MANAGEMENT b INTRACRANIAL 

TUMOURS OF THE POSTERIOR FOSSA - EXTRINSIC 

TRIGEMMAL NEWROMAISCIIUrANNOMA 
Rarely neurilmnmomas arise from rhe trigerninal ganglion or nerve mot. These lie in the middle foasa or emend 
into the rerebcllopmttine anale, compress surmundlng stmctures - cavernous sinus, midhrain and the pons - and 
crodc the apex of the petrous hone. 

Clinical features are usually long-standing - facial pain, paraesthesia and ~urnbncss. Cumpre~sion of posterinr 
fossa structures resuln in nyqtagmus, ataxia and hemiparesis. 

CT scan or MRT with contrast demnnsrratcs an enhancing l e ~ i o n  eroding the perrous apex and extending into 
the rn~ddle and/or posterior fossa. 
M u n a p e n t :  Opcrarive removal, even i f  subtoml, should provide long-lasting benefit. The turnour is approached 
through either thc middle fossa or through a suboccip~ral rraniectomy depending on the prcdominanr site. 

MENINGLOMA 
Approximately 8% of all intracranial meningiomas arise in the posterior fossa. 

Clhical features 
These depend on the exact tumour site. Those arising over the ce~.ebe/lcar convexity may not 
present until the mass obstructs CSF drainage. Meningiomas arising in the cerebelloponrine 
an& may involve any cranial nerve from V to XII. A clivus meningioma may cause 
bilateral VI nerve palsies before pontine pressure causes long tract signs. 

Tumours growing at the foramm rnamtrm, compressing the cervico- 
medullary junction, produce characteristic effects - pyramidal weakness 
initially affecting the ipsilateral arm, followed by the ipsilateral leg, 
spreading to the contralateral limbs with further rumour growth. 

Investigations 
CT scan with intravenous contrast will identify 
the turnour site, but MRI with gadolinium 
enhancement shows more anatomical derail. 

TI weighted MRI with 
gadolinium showing a 
large tumour arising from 
the tentorium and straight 
sinus, compressing the 
cerebellar vermis and the 

i' 4th ventricle. 

Management 
As with supratentorial meningiornas, treament aims 
at complete tumour removal. In rhe posterior fossa, 
cranial nerve involvement makes this difficult and 
exacting; excision of the nunour origin is seldom 
possible. 



i LOCALISED NEUROLOGICAL DISEASE AND ITS MANAGEMENT A, INTRACRANIAL 

- 
I 
I TUMOURS OF THE POSTERIOR FOSSA - EXf RINSFC 

EPIDERMOID/DERMOID CYSTS 
These rare cysts of embryological origin develop from cells predestined to become either 
epidermis or dermis. They most commonly arise in the cerebellopontine angle but may also 
occur around the suprasellar cisterns, in the lateral ventridcs and in the Sylvian fissures, 
often exrending deeply into brain tissue. 

Pathology: Depends on cell of origin: 
Epidermoid (epidermis) - a thin transparent cyst wall often adheres firmly to surrounding 
tissues; thc contents - keratinised debris and cholesterol crystals - produce a 'pearly' white 
appearance. 
Dermoid (dermis) - as above, but thicker walled and, in addition, containing hair foFlicIes 
and glandular tissue. MidIine dermoid cysts lying in the posterior fossa often connect to 
the skin surface through a bony defect. This presents a potentia! route for infection. 

Clinical features 
When lying in the cerebellopontine angle, epidermoidldermoid cysts often cause trkemina? 
nerrxakia (see page 159). Neurological findings may range from a depressed corneal reflex 
to multiple cranial nerve palsies. Rupture and release of cholesterol into the subarachnoid 
space produces a severe and occasionally faral chemic~l vneninriris. The  presence of a 
suboccipital dimple combined with an attack of infective meningitis should raise the 
possibility of a posterior fossa dennoid cyst with a cutaneous fistula. 

I Investigations 

CT scan shows a characteristic law density (often 'fat' density) 
lesion, unchanged after contrast enhancement or showing only 
slight peripheral enhancement. Calcification may be evident. 

T2 weighted MRI appears more sensitive than CT in 
detecting an abnormalisy, but the hyperintense signal 
does not differenriate an arachnoid cyst from an epidermoid. 

T2 weighted MRI showing 
lower cranial nerves 
traversing the lesion. 

Treatment 
Adherence of the cyst wall to important structures often prevents complete rcmoval, but 
evacuation of the conrents provides symptomatic relief. Aseptic meningitis in the 
postoperative period requires prompt treatment with steroids. Even when removaI is 
incomplete, recollection of the keratinised debris is uncommon and may take many years 



LOCAtlSED NEUROLOGICAL DISEASE AND ITS MANAGEMENT A INTRACRANIAL 

SELLARj'SUPRASEbCAR TUMOURS - PITUITARY ADENOMA 

Tumours of the pituitary gland constitute about F 1 0 %  of intracranial turnours. They arise 
from the anterior portion of the gland and are usually benign. 

Previow cbass?fication 
Freviously based on the light microscopic appearance of the rzlrnour cell type. 

d Prolactin (PRL) 
Eosinophilic Growth hormone {GH) ---- - -- -+ACROMEGALY 
cells Adrenocorticotrophic hormone 
~ a r o ~ h i l i c ~ [ A C T H )  ------- - --  --- - -L GUSHING'S DISEASE 
cells \ ~h~r~id-st imulat ing hormone (TSHI- - THYROTOXICOSIS 
Chromophobe Gonadotrophic hormones 
cells - Follicle-stimulating hormone (FSM) 

I - Luteinising hormone (LH) 
L -+- -  - - - - ,-- - - - - ,- - - - -- - -- - -w 'NUN-FUNCTIONING' 

FRESEA~T cIassification Incidence 
Recent immunoassay techniques permit a - GH secreting tumour 20-25% 

more prac~ical classification based on the - Frolactinoma 25-50% 

hormone type secreted. About half of the - ACTH secreting tumonr 510% 

'non-functioning' chrwrnophobe adenomas - TSH secreting tumour 
are shown to secrete prolactin. - FSHIZH secreting turnour } ,re 

- Inactive 2 5 4 0 % .  

CLINICAL PRESENTATION 

Compression of adjacent 
A-<</ neural structures 

Large w- Compression of adjacent 
turnours -",\\ pituitary gland, diminishing 
(macroadenomas) hormonal output 

Panhypopituitarism 

intrasellar pressure 
- 'pituitary stalk syndrome' 

1 
- ~ r o l a c t i n d  

(occasionally more 
Small than one hormone 

mmOurS ti$ . - - secreted) 

(microadenomas) 

LOCAL MASS 
EFFECTS 

EhTDOCRINIr: 

EFFECTS 



LQCALISED NEUROLOGICAL DISEASE AND ITS MANAGEMENT A INTRACRAN tAL 

SELLARJSUPRASELLAR TUMOURS - PITUITARY AQENOMA 

LOCAL MASS EFFECT 

Headache 
Occurs in most patients with enlargement of the pituitary fossa. It is not specific in site or 
nature. 

Visual field defects 
Pressure on the inferior aspect of the optic 
chiasma usually causes superior rempora! 
quadrantanopia initially, with progression to 
bitemporal hernianopia, but any pattern can 
occur. 

Cavernous sinus compression 

In some pituitary mrnours, lateral expansion 
may compress nerves lying within the walls 
of the cavernous sinus. The  TI1 nerve is 
especially vulnerable. 
Rarely vertical expansion obstructs the 
foramen of Munro causing hydrocephalus 

Sphenoid andlor hypothalamic compression (page 334). 

sinus 
- 

ENDOCRINE EFFECT 

1. HYPERSECRETJON Enlargement 
The clinical syndrome produced is of soft tissues, 
dependent on the hormone secreted. cartilage and 

bones in face, 
Growth hormone (GH) 
Srimulates growth and plays a part in control of protein, 
fat and carbohydrate metabolism. Excess GH Coarse skin 

in rhe adult causes ACROMEGALY. 
In childhood, prior to fusion of bone epiphyses, 

GH excess causes GIGANTISM. 
'Soft, doughy' 

GH levels are usuaIly increased to 
> 10 mull .  Increased serum levels 
of insulin grawth factor-1 enhances Enlarged finger 
the effect of growth hormone on 
target organs. 

Hyperglycaernia normally suppresses GH 
secretion. GH samples are taken in conjunction 
with blood glucose during a glucose tolerance thyroid, 
test. The lack of GH suppression after glucose 
administration confirms the presence of a turnour. Diabetes occurs in 10% 327 



LOCALISED NEUROLOGICAL DISEASE AND ITS MANAGEMENT A INTRACRANIAL 

SEtLAR/SUPRASELLAR TUMOURS - PITUITARY ADENOMA 

HYPERSECRETION (conrd) 
Prolactin 
This hormone helps to promote laclation. The introduction of immunoassay techniques has 
shown prolactinomas to be the commonest type of pituitary tumour and aided early 
detection of prolactin microadenomas. Female: Male ratio - 4x1 

This tumour may present with 
- INFERTILITY 
- AMENORRHOEA 
- GALACTORRHOEA 

In males, the turnour may present with IMPOTENCE or remain undetected until local 
pressure effects occur. 
In most centres, a serum prolactin of 360 mull is considered abnormal, but before 

assuming the presence of a prolactin secreting tumour, other causes must be excluded. 

Causes of Iayperprolacrinaemia 
- Stress 
- Pregnancy Since thyrotrophic hormone 
- Drugs (phenothiazines, aestrogens) (TRH) srimulates prolactin release, prolactin 
- Hypothyroidism levels are high in primary hyperthyroidism. 
- Renal disease 
- Pituitary adenoma 
- Hypothalamic lesion (e.g. sarcoid, craniopharyngiorna) or the pituitary stalk syndrome 
- Seizures 

Prolactin differs from other anterior pituitary harmones in that it is under tonic inhibitory 
control from the hypothalamus. Hypothalamic lesions or raised intrasellar pressure, 
mrnpromising hypothalamic-pituitary perfusion (i.e. the 'piruirary sralk syndrome') produce 
a rise in serum prolactin, but levels seldom exceed 2000 mUI1. Prolactin levels above 4000 
mul l  invariably indicate prolactinoma. 



LOCALISEO NFUROLOGICAL DISEASE AND ITS MANAGEMENT A INTRACRANIAL 

SELLAR/SUPRASELLAR TUMO'URS - PiTUITARY ADENOMA 

Adrenocarticotrophic hormone {ACTH) 
ACTH stimulates secretion of cortisol and androgens. Hypersecretion from a pimitary 
adenoma or hyperplasia causes CUSH~NG'S DISEASE (bilateral adrenal hyperplasia) which 
presents with the characteristic features of cus13rNG's SmDROME. 

This syndrome may also be caused by 
excessive oral corticosreroids, but also by 
an adrenal tumour or by ectopic secretion 

b from a bronchial carcinoma. 

Featawes of Crdshin~'~ syndrome 
- Moon face 

I - Acne 
- Hirsutism and baldness 
- Buffalo-type obesity 
- Purple striae over flanks and abdomen 
- Bruising 
- Muscle weakness and wasting 
- Osteoporosis 
- Hypertension 
- Increased susceptibility to infection 
- Latent diabetes rnellitus 

The diagnosis of a pimitary cause is 
I suggested by finding normal or moderately 

raised ACTH levels which suppress with 
high doses of dexamethasone. 

Ectopic ACTH production does not 
suppress with dexamethasone and with 
adrenal turnours, ACTH levels are 
virtually undetecrable. 
Other tests include 
- the effect of corticotrophin releasing 

factor (TACTH if pituitary origin) 
- petrosal versus peripheral venous 

sampling to identity the snurcc 
of the ACTH. 

Bilateral adrenalectomy for Gushing's syndrome is sometimes followed by the 
development of Nelso~r's syndrome - high ACTH levels, pituitary enlargement and marked 
skin pigmentation. 

TSH - stimulates thyroid hormone secretion Hypersecreting 
FSH - controls growth of ovarian f0llicles/spemarogenesis turnours 
LH - induces ovu!ationltestosternne secretion very rare. 



LOCALlSED NEUROLOGlCAC DISEASE AND ITS MANAGEMEVT A INTRACRANIAL 

SELLAR JSUPRASELLAR TUMOCPRS - PITUITARY ADENOMA 

2. HYPOSECRETION 
Many pituitary turnours are diagnosed before panhypopituitarism develops, but large 
turnours may cause gradual impairment of pituitary hormone secretion. Growth hormone 
and the gonadotrophins are first affected, followed by TSH and ACTI-I. 
Panhypopituitarism only occurs when more than 80% of the anterior pituitary is 
destroyed. 

*Prolactin secretion i s  most resistant to pituitary damage. Deficiency i s  seldom evidenr, usually only presenting 
afwr postparmm haernorrhage (Shcchan's syndrome) as a failure of lactation associated with rhe nther features of 
panhypopituitari~m. 

Pituitary hormone assay cannot distinguish lout 'normal' levcls from impaired secretion, 
hut low levels of pituitary hormone in the presence of low target gland hormones confirm 
hyposccretion, e.g. low TSH levels despite a law serum thyroxine. Basal levels guide 
replacement therapy. 

The lack of response to tests designed to increase specific pituitary hormones provides 
additional confirmation of hypofunctian: 
1. GH - Inszrlin tolerance test: Hypoglycaemia acting via the hypothalamic 

ACTH } pituitary axis should elevate GN and ACTH levels, the Iatter causing 
a significant rise in plasma cortisol. 

2. Gonadotrophin - Gonadotrophin releasing hormone {GnRH) injecrinn should producc a 
rapid rise in LH and a slower rise in FSH. 

3. TSH - Tl?yrotrophi~~ re ieos in~ hormone (TRH) injection should increase 
Prolactin plasma levels of both TSH and prolactin. 

Impaired secretion 

GH - 

Gonadotrophim- 
ACTH - 

TSH - 

Prolactin* - 

The above tests can be carried out simultaneousIy as the Combined piiuitary srirnzclation 
rest. Insulin, GnRH and TRH are injected intravenously and a11 anterior pituitary 
hormones measured from repeated blood samples raken over a 2-hour period. Glucose 
levels are also checked to ensure adequacy of the hypoglycaemia. 

Adults Children 

'Adult GH deficiency syndrome' - Pituitary dwarfism - 
weight gain, loss of libido, fatigue 
Amenorrhoea, sterility, loss of libido development, 
Glucocorticnid and androgen deficiency, 
muscle weakness and fatigue 
Secondary hypothyroidism - 
sensitivity to cold, dry skin, 
physical and mental s lug~shness,  
coarseness of hair 

I 
Failure of lactation 

PITUITARY APOPLEXY 
This is an uncommon complication of pituitary tumours due to the occurrence of 
haernarrhage into the tumour substance. Severe headache ef sudden onset simulating 
subarachnnid haernorrhage, rapidly progressive visual failure and extraocular nerve palsies 
accompany acute pituitary insufficiency. Death may follow unless urgenr steroid treatment 

530 is instituted. 



LOCALtSED NEUROLOGICAL DISEASE A N 0  ITS MANAGEMENT A IMTRACRANIAL 

SELLAR JSUPRASELLAR TUMOURS - PITUITARY ADENOMA 

NEURORADIOLOGICAL INVESTIGATION 
LARGE TVMOURS 
Skull X-ray Asymmetrical fossa expansion gives the 

Large rumours appearance of a 'doubie floor' 

cause expansion or effect on the lateral view 
I 

'ballooning' of the I 

pituitary fossa 
I and may erode - - +--... ' 

hef loor  -------- 
A-P view 

CT scan with contrast enhancement demonstrates turnours filling the pituitary fossa and 
expanding inta the suprasellar comparnnent, but MRI gives more anatomical detail, clearly 
delineating any suprasellar extension and the effect on adjacent structures. 

Coronal view 
Saggital T I  weighted 

J 
of same 

MRI with gadolinium I patient 
! showing a large & \ showing 

pituitary turnour - relationships 
of mixed intensity r-' , ,  of the turnour 
with suprasellar , . , I  - ! to the carotid 
extension. ** arteries and 

- .  - A ,  I 
tr ' the cavernous 

MICROADENOMAS 
Coronal CT Scanning with contrast may 

sinus. 

demonstrate a low density region within the I 

gland tissue (or may show deviation of the I 

pituitary stalk from the midline). Tumours Pituitaq stalk 
1 (undeviated) 

> 5 mm diamerer produce these characteristic -I--- -- Normal gland 
appearances. Turnours under this size are 4 -- 
difficult to detect. Sphenoid sinus 

MRI is marginally better than CT scanning in the 
detection of microadenomas but both have false 
positives and false negatives. 

I 
I A Angiography or MRI may be * -* required before transphenoidal 

- Micraadenorna operation to exclude the presence of 
an incidental medially projecting 
aneurysm. 

- Carotid artery within 
cavernous sinus 

33 1 



LOCALISED NEUROFOGlCAL DISEASE AND ITS MANAGEMENT A INTRACRANIAL 

Sf LLAR/SUPRASELLAR TUMOURS - PITUITARY ADENOMA 

MANAGEMENT 
A variery of different forms of treatment are available: 

Drug therapy 
Rromocp7ptine: a dopamine agonist which lowers abnormal circulating hormone 
concentrations, especiaIEy prolactin. In two-thirds of patients with prolactinomas, the 
prolactin levels fall and the tumour shrinks. These patients require long-term thcrapy as 
the source of the hyperpsolactinaemia persists. Cessation of treatment can result in rapid 
turnour re-expansion. 

Somatostatin analogues: e.g. octreotide, inhibit growth hormone production and cause some 
tumour shrinkage in a proportion of patients. It is no longer used as long-term therapy 
unless a specific contraindication to surgery exists. 

Operative approach 
From BELOW: 
1. Trans-sphemidol 
Through an inc~sion in the upper gum thc nasal rnucosa i s  
stripped from rhe septum and the pimjtary fossa approached 
through the sphenoid sinus. 

2 .Tra~~ethmm'd~I  
An incision is made on the medial orbital wall and the 
pituitary fosra approached through the ethmoid and sphenoid 
sinuscs. 

With the transerbmoidal and mans-sphenoidal routes the 
pituitary gland can be directly visualised and explored for 
miaoadenoma. Even large mrnoucs with suprasdlar extensions 
may be removed from below, avoiding the need for cranioromy. 

From ABOVE 
3. Trmsfrnnral 
Through a craniotomy flap the fronml lobe i s  retracted 
to provide diren access to the pituitary tumour. This 
approach is uwally reserved for mmours with large frontal 
or latcral extensions. 

2 

N.B. All patients require steroid cover before any 
anaesthetic or operative procedure. 

1 

Radiotherapy 
Pituitary adenomas are radiosensitive and external irradiation is cornmonIy employed. 
Occasjonally, radioactive seeds of yttrium or gold are implanted into the pituitary fossa, 
either via a trans-sphenoidal approach or stereotactically through a frontal burr hole. 

Several months elapse before hormone levels begin to fall. Pituitary function gradually 
declines over a 5-10 year period after treatment and most patients eventually require 
replacement hormone therapy to prevent symptoms of hypopituitarisrn developing. 

332 



LOCALISEO NEUROLOGICAL DISEASE AND ITS MANAGEMENT A INTRACRANIAL 

SELLAR/SUPRASELLAR TUMOURS - PITUITARY ADENOMA 

MANAGEMENT (conrd) 
Treatment seIection 
Treatment choice depends on: 

- presenting problems and patient's requirements, e.g. restoring fertility, halting visual 
deterioration. 

- patient's age. 
- preference and experience of the treatment centre. 

Microadenomas - - - _ - + - - - - A I I - 
I TrlaI of somatostatin 1 

L - - - - - - - - - - 
analogue 1 

L- - - -  
I c -  

secreting turnour r- -- -----' 1 4 
t 1 II TRANS-SPHENOIDAL I R A n I O m R A P Y  

(delayed if 
fertility 

required) 

tumour 
REMOVAL 

I 

'\ 
I 

and centre preference) \ - -  level remains I 

high (1&50"/0) 
+ 
I 

if elderly t I 
I 

patient with no - - - - - -  -J  
significant symptoms 

-- - 7 1 
I I 

monitor for devclnping osteoporosis 

Prolactinoma 
(depending on patient if hormone 

Large tumours 

Deteriorating + TRANS-SPAENOTDAL 
vision DECOMPRESSION 

f------------7 

GH secrering i ? trial of s ~ r n a t o ~ t a ~ n ~ - ~  
turnour $. impaired if fails 
ACTH secreting vision TRANS-SPHENOIDAL 1- 

] tumour I / DECOMPRESSION 
- 

Prolactinoma 3 impaired 

patient and 
centre preference) 

I 
if fails to 
shrink turnour 

I 

I with visual and hormone I I 
levcl monitoring 1 

'Giant' tumours with TRIAL OF BROMOCRrPTINE 

multidirecrional - (? somatostatin if GH 

spread '% --. secrerion) . --. .. ' . 
4 Avoid operation (frontal or 

trans-sphenoidal decompression) unless 
rapid detcriorazion of vision 



LOCALISED NEUROLOGICAL DISEASE AND ITS MANAGEMENT A, INTRACRANIAL 

SELLAR/SUPRASELLA TUMOURS 

CRANIOPHARY NGIOMA 
These cystic tumours constitute about 3% of all primary intracranial turnours. They 
present predominantly in children and in young adults but symptoms may develop at any 
age. Although benign, their proximity to crucial structures poses complex problems of 
management. About 40% of craniopharyngiomas have solid components of squamous 
epithelium with calcified debris and one or more cystic regions containing greenish 
cholesteatomatous fluid. In 20% the tumour is solid throughout. Although the tumour 
capsule appears well defined, histological examination reveals finger-like projections 
extending into adjacent tissue with marked surrounding gliosis. 

Sites: Growth usually begins near the 
pituitary stalk, but may extend in many 
directions. 

Clinical features: depend on the exact 
site and size of the turnour. Growth is 
slow and most signs and symptoms 
develop insidiously. 

Intracranial mass raised 
andlor CSF obstruction at intracranial - headache 
the foramen of Munro pressure papilloedema (visual impairment) 

Frontal and 
3rd ventricular 

- mild to sew 

- pan h ypopituitarism 
- pituisary dwarfism 
- o'iabetes insipidus 

Since chiasmal pressure tends to come -- 
from above, an inferior temporal 

334 quadrantanopia usually develops first 



LOCALISED NEUROLOGICAL DISEASE AND ITS MANAGEMENT A INTRACRANIAL 

CRANIOiPWARYXGIOMA (conrd) 
Investigations 
Skull X-ra-v: shows calcification above or within the pituitary fossa in most children and in 
25% of adults. 
CT scan: shows a lesion of Coronal or sagittal MR I helps by 
mixed density containing demonstrating 
solid and cystic components the exact &@ z 

i /-u h 
lying in the suprasellar region. 1, relarion- 

R 
ships of 

In children, CT scan \ / the tumour - 
invariably shows some mliification ih l' to the 3rd 

ventricle The cyst capsule often enhances I( 
with contrast. 

Pituirary fi~nction studies (page 330): often demonstrate the need for hormone replacement. 

Management 
Several options exist; the more aggressive the treatment, the higher the risks, but the lower 
the recurrence rate. 

AII patients require steroid coves before any anaesthetic or operative procedure. 
Operative removal usually involves a subfrontal or subtemporal craniororny, perhaps 

combined with a transcallosal approach (i.e. splitting the anterior corpus callosum from 
above and approaching the tumour through the 3rd ventricle). The  trans-sphenoidal route 
may permit removal of purely intrasellar turnours. 

Methods 
1. Total tumozrr excision ( + radiotherapy if recurrence develops) 
2. Subtotal rumour excision + radiorherapy 
3. Cyst drainage + radiotherap-y 
(with an indwelling 
catheter and reservoir) implantation of yttrium-90 ar chemotherapeuric arcplr (bleomycin) 

Attempted total excision carries a risk of life-threatening hypothalamic damage, but if 
successful avoids the immediate need and associated risks of radiotherapy to a developing 
brain. Operative mortality lies between &lo% and depends on the tumour site and the 
extent of the attempted removal. Some report a recurrence rate of up to 5Ooh within 10 
years of an apparent 'total' removal. This presumably results from residual tumovr 
extensions lying beyond the capsule. 

With subtotal removal the recurrence rate approaches go%, but with radiotherapy this 
falls to 5&50%. 

The decision to aim for total or subtotal removal requires careful judgement. 
Preoperative investigations help but the final decision often awaits direct exploration. 



LOCALISED NEUROLOGICAL DISEASE AND FTS MANAGEMENT A INTRACRANIAL 

OPRC NERVE (GLIOMA) ASTROCYTOMA 
This rare rurnour usually presents in chiIdren under I0 years. Up to Optic nerve turnour may 
one-rhird, are associated with neumfihromarosis (NFI) where rhe tumnur . 'dumbeF1' though 

. . 4'- - - 
may bc bilateral. Tumour growth expands the nerve in a iusiform the optic 
manner. Some exrend anteriorly into the orbit, others postcnorlv c ; ~ 7  foramen. 
to involvc thc optic chiasma. All are of &e pilocytic type and 
growth is slow. 

CLinical features 
Visualfreld .~enmtmns gradually progress to complete visual loss. 

Orbital extension causes proprosis. 
In qomc patlenrs posterior expansion bcyond the chiasma causcs kyporholamir domagc (precocioitr ptlberry and 

orlrer endocrine dfsrtrrhance) and!or hydrocephalus. 
,Y-ravr of rhr orbtstrl foremen %how dilaration and CT scan5 dmonstratc an enhancing mixed attcnuatinn mars 

within the orhir or lying in the suprasellar region. M R I  is more sensitive for chiasmatic extensions. 

Management Psoposis 
Un~taz~ral ecirhin orhr - Complete excision with - Long-term survival evected.  

orbirsl enucleation if necessary 

Lcsior~ inuoleving - Conservative approach - Patients may retain visirln 
the optic chiasma (the value of radiotherapy For many years; survival is often 

is not known and mav risk long-term. Those with 
vasculitis and inrellecmal hypothalamic damage have a poor 
deterioration. prop-~osrs. 

SUPRASELLAR MENWGIOMA 
Mrrningiomas murng From the ~hcrcu lum acllae often present early as 
a result of chiasmal cornpreusicln causing visual field defect* -usually TI weighted MRI with 

a biremporol hemiuntlpia. gadolinium 

Srraifhr X-rays mav show hyperns~osrr of the  tuherculum sellae or 
planum sp henoidalc. 

CT scon shnrvs a rounded, ofim partly calcified suprasellar mass 
homogmeously enhancing with contrast. MRI provides improved 
anatomical detail. 

Unfnrtunatelv the visua! defect ofrcn persists after operation, bur 
attempted removal is esrenciol to prcvcnt furrher pmpression. 

MENINGIOMA OF THE OPTIC NERVE SHEATH 
Rarely, mcningiomas arire Fmm the optic nerve sheath, usualIy extending in dumbbell hshinn thmugh the optic 
Formen. Some penetrate the orbinl dura and invadt h e  orbital cnntents. Total cxcision i s  irnpns~ihle without 
sacrificing the adjaccnt optic nerve. 

SPTPRASELLAR BPIDERIMOID(DERMOIl3 (see page 325). 

Note: large aneurysms or granulomas (TB, sarcoid) may simulate a seIlarlsuprasellar 
tumour on CT scan or MRI. If in doubt, perform nngiography or MRA prior to 
opcrativc exploration. 



LOCALISED NEUROLOGICAL DISEASE AND ITS MANAGEMENT A INTRACRANIAL 

PINEAL REGION TUMOURS 

Pineal region tumours are relatively uncommon. 
They consist of a variety of different pathological -- types and as a result of the direct anatomical 
relationship with the third ventricle include 
tumours arising at h i s  site. Less than 20% ----- 
actually originate from 'pineal' cells. 

PATHOLOGTCAL TYPES 
Germinoma: the commonest pineal region tumour, maIignant in nature and resembling 
scrninorna of the testis. It adheres firmly to the surrounding tissues and cells readily spread 
to the floor or anterior wall of the third ventricle. Cells may also seed through the CSF 
pathways to the spinal cord or cauda equina. 
Teratoma: well differentiated turnour occurring predominantly in males, and formed from 
various cell types - muscle, bone, cartilage, dermis. 

Tumour consistency depends on the predominant cell type. In most patients the tumour 
margin is well defined. Malignant, poorly differentiated forms ~ccasionally occur. 
Pineocytoma: well differentiated, slowly growing turnour rare rumours of true 
Pineoblastoma: poorly differentiated, highly malignant tumour 

Glial cell tumours - astrocytorna - arising from cells within the pineal gland, or from 
adjacent brain. 

ependymoma - arising from cells lining the third ventricle. 
Meninfioma 
Dermoid rarely occur in the pineal region. 
Epidermoid 

CLINICAL FEATURES Develop due to: 
---- 

/ 

LOCAL MASS EFFECT 

- PARINAUD'S syndrome 
(impaired upward gaze, 

Cornpsession of the 
aqueduct of SyIvius 
- obsrr~rctive huvdrocephalus 
wirh sigrrs and symptoms qf 
raissd intracraniaI pressure. 

EFFECTS FROM 
SPREAD THROUGH 
THE THIRD 
VENTRICLE 
e.g, gerrnlnoma 
- hypathalawzic d a m a ~ e ,  
diaheres insipidas, 
hypoll~yperphagia, 
precocious prcberry, 
hypopiruilarism. 
- opric chiaspnal 

involventent wirh 
visual field defecls. 



LOCACISED NFUROLOGICAC DISFASf AVD ITS MANAGEMFYT r t  lNTR;+CRAkrlAL 

PINEAL REGION TUMOURS 

INVESTIGATIONS 
CT scan shows a mass 
projecting into 
the postcrior 
nspcct of the 
third vcntrjclt 
with associated 
dilatation of 
thc third and 
lateral ventricles. 

Pjncocytornas - may appear calcified. L 

Terazomas -may contain mixed densities from Lit 
to calcification. 

T, weighted MRI  
with gadolinium 

Safiral MRI 
clarifies the exact 
turnour 
relationship to the 
third ventriclc. 

- Pineal 
region 
tumour 
(pinealcytoma) 

Turnour markers - Serurn/CSF human chorionic gonadotrophin May rise in patients 
- SerumlCSF alpha fetoprotein } with germinoma 

CSF cytology: Malignant pincal region turnours can rnetastasise through CSF and 
cysnlocy is important in planning treatment, 

MANAGEMENT 
Hydrocephalus often requires urgcnt treatment with a vcrrtriczrlofleriro~~eaI ~ h t t n r .  Large 
tumours map obstruct the forarncn o f  ~Vunro, making trilorcrni ventricular drainage 
necessary. 

T h c  site of pincst rcgion turnours makes thc 
operative approach difficult, a1 though modctn 
tcchniques havc considerablv diminished rhc 
risks involved. Eithcr srer~oracric b i o p ~ v  or more 
rcccntly, biopsy via an endnscnpe guided into the 

2 third ventricle can inhtain a tissue diaposis ,  
alrhough both procedures carry sornc risk and 
some neurosurpcons advocate direct o$erati~-e 
exploration as the procedure of first choice. 
Others still adviqc an inic~all rrial of rradiotherap.v 
without first obtaining a tissuc diagnosis, 

Routes of direct approach 
I - Infratcntorial 

particularly in the presencc of elevated CSF or 

2 - Suprarcntorial scrurn tumour markers. Ahout 70% of tumours 
? - Tmnwcntricular (particularly thc germinomas) are radiosensitive 

and show! a dramatic reduction in size, Failure 
to respond indicates the nccd for either biopsy 
or dirsct operation. The  entirc craniospinal axis 
is irradiated if CSF cytology is positive. 

Patients undergoing a CSF shunt followcd by radiothcmpy survive 4 years on averapc. 



LOCALISED NEUROLOGICAL DISEASE AND ITS MANAGEMENT A INTRACRANIAL 

TUMOURS OF THE VENTRICULAR SYSTEM 

EPENDYMOMA 
Intracranial ependymornas originate from cells lining the ventricuFar cavities. Most arise in 
the 4th ventricle and in this site occur predominantly in children. Both low grade and 
malignant forms are found and turnour cells may seed throughout CSF pathways. 
In the 4th ventricle, ependymornas present with cerebellar signs or, more commonly, 

with signs and symptoms of raised intracranial pressure from CSF obstruction. Vomiting is 
often an early feature from direct brain stem involvement. 

CT scanning shows an isodense mass, with OT wirhout calcification, lying within the 4th 
ventricle and usually enhancing with contrasf. MRI mare dearly delineates the anatomical 
relationshi~s. 

Management 
The  aim is complete operative removal, although 
infiltration of the floor of 
the 4th ventricle may prevent 4th ventricle 
this. Most clinicians advise ependymoma 
radiotherapy postoperatively, 
but its value is limited in the lour grade tumours. + * 
CSF metastases are treated by total neusaxis irradiation i "1 

Prognosis 
Despite relatively slow growth, results are often disappointing with 5-year survival ranging 
from 20-50%. 

CHOROID PLEXUS PAPILLOMA 
Rarc, benign turnoar with a granulzr surfacc and a ~rict?. texture. 

They dcvelo~ from the chom~d p l e ~ u ~  - in the 4rh ne~~rr~c lc  - adulrs, 
- in the lotem! ~mrrick - chifdren. 

Malimanr forms nccas:mally occur in children. 
Most patients p r a m  wtth hydrocephalus, eirher due to obstruction or to excessive CSF sccmion fmrn the nunour. 
CT scanning shows a hyperdmse mass within the ventricular system. 
Opcretive removal gives good rmuIts. 

COLLOlD CYST OF THE THIRD VENTRFCLE 
A benign q s t ,  containing a mumid fluid may arise from embryological remnants in the rooC of thc third ventrrcle. 
When of sufficient size (about 2 an) it occludes CSF draimgc from bnrh lateral ventr~clcs through the foramen of 
Munm. 
Clinical features: Symptoms may be in~ermitfmt, 
porsibly due to a ball-valve erect, with episodes or loss of - 
conTclousness, sudden weakness of  leg^, or even sudden death. I 

CT scan shows a small round mars of incrcascd density, lying level wich h e  
foramen of Munro, causing lateral vcntrimlar dilatation. The ~ y s t  wall will 
enhance iollowing contrast on MRI. 
Thesc cysts can be drained through a stereotactially placed nccdle or an 
endoscope, but with this treatment, recurrence is almast inevitablc. Operative 
rcmoval rhmugh a transcallosal or tranwentrimlar approach carries lrtrle 
additional risk. 

MEXXNGIOMA: rarc.1~ arises in the lor~rnl ventricles. Often symptoms arc mild and long standing. Operative 
removal only becomes necessary when symptoms and siws appear. 

st, Pineal region turnours, page 337. 
TERATOMA 



LOCALISED NELlROLOGlCAh DISEASE AND ITS MANAGEMENT A INTRACRAlvlAL 

TUMOURS OF THE ORBIT 

The orbital cavity is bounded - 
Superiorly 

Medial[v - by the floor of the anterior fossa 
- by the bones 
forming the outer - - Superior orbital fissure 
wall of t h e  
ethmoid and Laterally 
sphenoid sinuse% - by the zygoma, frontal bone and 

greater sphenoid wing 

Optic foramen ' 
Inferiorly 
- by the roof of the maxillary sinus 

PATHOLOGY 
'rumours may arise from any of the structures lying within or around the orbit. 

LACRIMAL GLAND ' - OSTEOMA: LIsualIy involving frontal 
- T>ERMOID CYST or ezhmoidal sinuses (may cause a 

- PLEOMORFHIC ADENOMA , 
- EPIDELuOID CYST frontal rnucocele) 

usually benign, but 
unless excision is comp 
recurrences occur 
- CARCINOMA - CARCINOMA: often invades 

LYMPHOTD Trssm the medial wall of the orbit 

- LYMPHOMA: developing 
primarily wi~hin the orbir, , , -, 
or secondarily to OPTlC NERVE S H E A I M  

generdised diwase - MENINGIOMA: often 
extends intracranially piq through the optic foramen 

- RETINOBLASTOMA: - - '-- (see page 336) 
highly malignant 
tumour of BLOOD BORNE METASTASTS 

childhood - GLrOMA (pilocytlc - Adults c.g. 
- MELANOMA astrocytoma): very - RHABDOMYU- - BREAST Ca. 

slow growth (see SARCOMA: - BRONCHIAL Ca 
page 336) malignant childhood Children 
- ~ U R Q F I B R O M A ~  turnour with rapid - KEURORIASTOMA 
NEUROlMA growth arid Inca] - EWING'S SARCOMA 

1 YON-NEOPLASTIC ORBITAL LESiONS 1 'pread - LEUKAEMIA 

- CAVERNOUS HAEMANG1OM;LYMPHANGIOMA: common benign lesions in adults 
- ORBITAL GRANULOMA (PSEUDOTUMOUR) (see over) 
- DY STHY ROID EXOPHTHALMOS 
- WEGENER'S GRANULOMATOSIS 

- SARCOIDOSIS 

I 
N.B CAROTID-CAVERNOUS FISTULA presents 

340 - HrsTrocYTosls x with a pulsatile exophthalmos. 



LOCALISED NEUROLOGICAL DISEASE AND ITS MANAGEMENT A INTRACRAY IAL 

TUMOURS OF THE ORBIT 

CLINICAL SYMPTOMS AND SIGNS 
Orbital pain: prominent in rapidly growing malignant twmours, but also a characteristic 
feature of orbital granuloma and carotid-cavernous fistula. 
Proptesis: forward displacement of the globe is a common feature, progressing gradually 
and painlessly over months or years (benign tumours) or rapidly (malignant lesions). 
Lid swelling: may be pronounced in orbital granuloma, dysthyroid exophthalmos or  
carotid-cavernaus fistula. 
Palpation: may reveal a mass causing globe or lid distortion - especially with lacrimal 
gland rumours or with a mucocele. Pulxation indicates a vascular lesion - carotid-cavernous 
fistula or arteriovenous malformation - listen for a bruit. 
Eye movements: often limited for mechanical reasons, but if marked, may result from a 
dysthyroid ophthalrnoplegia or from 111, IV or VI nerve lesions in the orbital fissure (e.g. 
Tolosa Hunt syndrome) or cavernous sinus. 
Visual acuity: may diminish duc to direct invotvernenr of the optic nerve or retina, or 
indirectly from occlusion of vassuIar structures. 

INVESTIGATIONS 
X-ray of the orbit: may reveal local erosion (malignancy), dilatation of the optic foramen 
(meningioma, optic nerve glioma) and occasionally calcification (retinoblastoma, lacrimal 
gland tumours). A meningioma often causes local sclerasis. 
CT scan of the orbits demonstrates the precise 
sire of intraorbital pathology and shows the 
presence of any intracranial extension. 

Axial view showing an optic nerve glioma. 
Coronal views are of value in assessing the 
size of the optic nerve and extraocular 
muscles and the floor and roof of the orbit 

MRI may provide more 
information in certain conditions, 
e.g, mcningioma of the optic nerve sheath. 

MANAGEMEm 
BENTGX tumours: requite excision, but if visual loss would inevitably result, h e  clinician 
may adopt a conservative approach. 
MALIGNANT tumours: require biopsy plus radiotherapy. Lymphomas may also benefit from 
chemotherapy. Occasionally localised lesions (e.g. carcinoma of the lacrimal gland) require 
radical resection. 

Frontal-transcranial:fortumourswith 
Operative approach intracranial extension or lying posterior 

and medial to the optic nerve 

4- Lateral: for turnours lying superior, Ethrnoidal: for 
lateral or inferior to the 

anterior tumours, . - - 
optic nerve 

Fying medial to the 
optic nerve 



LOCACISED NEUROLOGICAL DISEASE AND ITS MANAGEMENT A INTRACRANIAL 

NON-NEOPLASTIC ORBITAL LESIONS 

ORBITAL GRANULOMA (pseudoturnour) 
Sudden onset of orbital pain with lid oederna, proprosis and chemosis due to a diffuse 
granulomatous infiltrate of lymphocytes and plasma cells involving multiple structures 
within the orbit. 

This condition usuaIIy occurs in middle age and seldom occurs bilaterally. CT scanning 
or MRI shows a diffuse orbital lesion, although one structure may be predominantly 
involved, e.g. optic nerve, extraocular muscles or the lacrimal gland. If diagnostic doubt 
remains, a biopsy is required. Most patients show a dramatic response to high dose steroid 
therapy. If symptoms persist, the lesion should respond well to radiotherapy. 

DY STHYROID EXOPHTHALMOS 
T h e  thyrotoxic patient with bilateral exophthaIrnos presents no diagnostic difficulty, but 
dysthyroid exophthalmos, with marked lid ocdema, lid retraction and ophthalmoplegia may 
occur uniIateralZy without evidence of thyreid discase. 
Coronal CT scanning estabIishes the 
diagnosis by demonstrating enlargement 
of the extraocular muscles - primarily 
the medial and inferior recti. MRI 
shows a similar appearance. 

Circulating thyroid licrrnone IevcIs Optic nerve J'-7 I 
are oftcn normal. Thyroid releasing Dilated - e 
hormone stimulation or thyroid suppression inferior 

rectus 
"-, 

I '  

1 
tests may support the diagnosis. 

Management 
Steroids should help. A few patients require 

2 

orbital decompressjon in an attempt to 
1 

prevent corneal ulceration, papiIloedema and 
blindness. 



LOCALISED NEUROLOGICAI. DISEASE AND ITS MANAGEMENT A INTRACRANIAL 

TUMOURS OF THE SKULL BASE 

W I G N A N T  
CARCINOMA 
Carc~noma of the nasophawnx, paranasal sinuscs or car may extend inrracranially either by direct erosion or 
rhrough the skull foramina. It frequently penetrates the dura (in mntrast to mensratic carcinoma of the spine) 
and mav involve almost any cranial nerve. Symptoms of nasopharyngeal or srnus diaease are often associated 
with facial pain and numbness. Sprtlad To the CSF pathways leads ro ccactnonnnrmrs rner~in~giti.~ and may causc 
multiple cranial nerve palsies. Skt~ll X-ra~l, CT scan and MRI swn will dernonstratc a lesion involving the skuH 
basc. CT scanning most clearlv ~ h o w s  the h n e  involvement. Treatment ~f usually restricted to rctropharyngcal 
biopsy plus radiotherapy. 

momom 
Rarc tumours of notochordal cell resrs arising predominantly in the 
sphcnoido-occipital (cl~vus) and sacmcacqgeal regions. Although 
growth begins in h c  midline, hey often expand asymmetrically 
into the inmacranial cavity. Chordomas may present at any age, bur 
h e  incidence peaks In the 4th decade. They are Iocally invaslvc 
and rarely metasrasise. 
Clinical: most paucnts develop nasal obstruction. Cranial nerve 
pals~cs usually follow and depend on the exacr tumour site. 
Sku!! X-raj' shows a soft rissuc mass with an 0~~53lytic lefion of 
the sphenoid, basi-occiput or petrous apex. 
CT  can confirms the presence of a partly calcified mass causing 
marked bone desrruction and extending into the nasopharyngcal 
space. 
MRI  scan more clearly demonsmates the structural retarionships. 
Mona,yemenr: the rumour site prcvents complete rcrnoval. Usually 
extensive debulking (sometimes through tZlc transoral route) is 
combined wrh radiotherapy. Most paticnts dic within 10 years of 
he in~ual presentation. 

Chordoma - 
sites of 

intracranial 
origin 

BENIGN 
GLOMUS JUGULARE TUMOUR (syn: chmodecloma, paragang1iarna) 
Rare rumour arising from chemoreceptor cells in the jugular bulb or from similar cells in the middle ear mucosa. 
This tumour extensivcIv erodes the jugular foramen and pctrous bonc; many pavents present with rrnnial nerve 
palsie~, etpecially IX-XII. Chemodectnmas occasionally arise at other sites and metastasis may occur. 
X-ray and CT wan demonstrare an ocreolytic lesion expanding the jugular foramen. 
MRI shows the anatomical relationships. 
Angiography reveals a vaucular turnour, usually onlv filling from the external carortd artery, but occasionally from 
vertebral branches. 
Manayernenr: turnour vascularity makcs cxcision difficult. Selcctlve embolisarion may considerably reduce the 
operative risks nr provide an alternative rscatmcnt. The valuc ofradiothcrapv is uncertain. 

OSTEOMA 
Rarc tumours, usually occurring in the frontal sinus and eroding into the orbit, nasal cavity or anterior fossa. If 
sinus drainagc becomes obstructed, a mucocele develops, often with infectcd contenrs. These lesions requirc 
excision, cithcr through an cthmoidal approach or through a I?ontal cranfotomv. 



LOCALISED NEUROLOGICAL DISEASE AND ITS MANAGEMENT A INTRACRANIAL 

INTRACRAMIAL ABSCESS 

The advent of antibiotics and im- Pus may accumulate in: 
proved treatment of ear and sinus infec- - the extradural space --- 
tion has led to a reduction in intra- HXTKADURAL ABSCESS 

cranial abscess formation but the inci- - the subdural space ------- 
dence still lies at 2-3 patients per SUBDURAL EMPYEMA 

million per year. - the brain parenchyma - - - 
CEREBRAL mscess 

CEREBRAL ABSCESS 
Source of infection 

Haematogenous 
spread Local spread 
- Suhacutc bacterial , f i i r e c z  penetration of the dura 

endocarditis Frontal - zndzrecr - extension of an 

- Congeniral hean infected thrombus 

disease (especially 
\ sprrad 

right to lek shunt] along a vein 

- Bronchiemasis or Abscess sire depends on the 

pulmonary abscess. source, e.g. frontal sinusitis 

Chronic otitis medi + Frontal lobes 

mastoiditis 
Infected rnastoidit~s -- temporal labe ' or cerebellum 

Organisms: Improved aerobic and anaerobic culture techniques now reveal the 
responsible organism in over 80% of patients. These depend on the source - 

Middle ear - Strep. milleri, Bacreroides fragilis, E. Coli 
Proteus, Strep. pneunzoniae. mixed 

Sinus - Strcp, pneumoniae, Srrep. milhi.  
Blood - Strep. pneumoniae, Srrep. milleri, Staph. aureas. 
Accidental or surgical trarirna - S ~ a p h .  auraas. 
Tmmunocompromised patients - Toxaplaswta, Asper~illrls, Carldida, Nocardia (see page 494) 

- Listeria (rnicroabscesses) 

Pathogenesis 
Risk of rupture into 

Infection source adjacent ventricle ,- 

'I 
Local Haematogenous 'Mass'+ surrounding _ 
1 1  oedema-raised ICP 

Small vessel occlusion or surface 
thrombophlebitis may precede Extension to cortical 

parmchymal involvement surface- purulent --' 
meningitis / (bacteria appear to favour I I 

ischaemic brain) ABSCESS 

1 Mature capsule forms with centraI zone of necrotic tissue, 
Parenchymal bacterial invasion inflammatory cells and necrotic debris. + t 
Polym~rphonuclear infiltrate and Zone of granulation Thin capsute of fibroblasts 
impaired vascular permeability - tissue L ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ '  + and reticular fibres form 



LOCALISED NEUROLOGICAL DISEASE AND ITS MANAGEMENT A INTRACRANIAL 

INTRACRANIAL ABSCESS 

CEREBRAL ABSCESS (conr4 
Clinical effects 
Symptoms and signs usually develop over 2-3 weeks and progress. OccasionalIy the onset 
is more gradual, but features may develop acutely in the immunocompromised patient, 
Clinical features arise from: 
- Toxicity - pyrexnh, malaise (although systemic signs often absent). 
- Raised intracsanial pressure - headache, worniring -t deterioration of consciotds level. 
- Focal damage - hernipparesis, duyspkasia, ataxia, nyttagmus 

- epileflsy - partial or generalistld, occurring in over 30% 
- Tnfection source - tenderness over masraid or sirruses, discharging ear. 

I 

I bacterial endocarditis - cardiac murpnurr, petechiae, splenomega(y. 
- Neck stiffnrss due ta coexistent mcningitis or tonsillar herniation occurs in 25%. 

N.R. Beware attributing patient's deteriorating clinical state to the primary condition, e.g. 
otitis media, thus delaying essential investigations. 

Investigations 
X-ray of the sinuses and mastoids: opacities indicate infection. 
CT scan: in the stage of 'cerebritis' the CT scan may appear normal or only show an area 
of low density. As the abscess progresses, a characteristic appearance emerges: 

C f  scan wjth iv .  contrast 
N.B. Always administer 

Marked 'ring' enhancement i*v. contrast to parients 
- usually spherical with suspected intra- 

Central area of low density crania* infection TQ 

avoid overlooking small 
Surrounding area of 

Ventricular abscesses. low density = oedema 
compression and 
midline shift due 
to mass effect 

CT scan may also reveal opacificarion of the 
mastoids or sinuses. 

If abscesses occur at multiple sites, suspect a haernatogenous source. 

MRI: will more readily detect the 'cerebritic' stage, but does not distinguish infection from 
other pathologies. 

Lumbar punctzrre i s  contraindicuted in the presence nf a suspected mass lesion, but if CSF is 
obtained inadvertantly, this will show T protein c.g. 1 g(1, T white cell count (several 
hundred Iml) - polpmorphs or lymphocytes. The Gram stain is occasionally positive. 
Peripheral blood - may show 1 ESR, leucocytosis. Blood culture is positive in 10%. 



LOCALISED NEUROLOGICAL DISEASE AND ITS MANAGEMENT A INTRACRANIAL 

INTRACRANIAL ABSCESS 

CEREBRAL ABSCESS (contd) 
Management: 
I .  Antibiotics 
Commence i.v. antibiotics on establishing the diagnosis (prior to determining the 
responsible organism or its sensitivities). Antibiotics are selected for their ability to cross 
the blood-brain barrier. The ease with which they penetrate the abscess capsule remains 
uncertain. Use combined therapy: 

- PENICILLIN 4 mcga-units q.i.d. - 10 cover streptococcus 
- METRONIDAZOLF: 1 g q.i.d. - to cover anaerobic organisms 
- CHLORRMPHENICOL 500 mgs q.i.d. - to cover all other organisms 

(or rhird generation cephalosporin e.g. cefotaximc 2 g q.i.d. or ceftriaxone 2-4 glday) 

En immunocornpromised patients - see page 494. 
Later determination of the organism and its sensitivities pcmits alteration to more 

specific drugs. Intravenous antibiotics should continue for 2-3 weeks followed by oraI 
medication for a furher  3 4  weeks, 
2. Abscess drainwe 
Various methods exist: 

Burr hole aspiration of pus, with 
repeated aspirations as required. 

Primary excision of the 
whole abscess including 

Evacuation of the abscess contents 
the capsule (standard 

under direct vision, leaving the 
treatment of cerebellar 

capsule remnants. 
abscess) 

Burr hole aspiration is simple and relatively safe. Persistent reaccumulatien of pus 
despite rcpeated aspiration requires secondary excision. Primary excision removes the 
abscess in a single procedure, but carries the risk of damage to surrounding brain tissue. 
Open evacuation of the abscess contents requires a craniotorny, but minimises damage to 
surrounding brain. 

3. Treatment of the infection site 
Mastoiditis or sinusitis requires prompt operative treatment, otherwise this acts as a 
persistent source of infection. 

Steroids help reduce associated oedema but they may aIso reduce antibiotic penetration and 
impede formation of the abscess capsule. Their value in management remains controversial. 

Conservntive managemen?: In some situations the risks of operative intervention outweigh 
its benefits. In those patients, treatment depends on i.v. antibiotics. 

Indications: - small deep abscesses, e.g. thalamic (although stereoracric aspiration may help). 
- multiple abscesses. 
- carly 'cerebriticy stage. 

Prognosis 
The use of CT scanning in the diagnosis and management of lntracranial abscesses and the 
recognition and treatment of pathogenic anaerobic organisms have led to a reduction in the 
mortality rate from 40% to 10%. In survivors, focal deficits usually improve dramatically 

346 with time. Persistent seizures occur in 50%. 
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l N f  RACRANIAL ABSCESS 

SUBDURAL EMPYEMA 
Subdural empyema occurs far less frequently than intracerebral abscess formation. 
Infection usually spreads from infected sinuses or mastoids, but may arise from any of the 
aforementioned sources. T h e  responsible organism is usually Strep. pneumaniae, Strep. 
miller; or Staph. azrrcus. Clinical features match those of intracerebral abscess but since 
rapid extension occurs across the subdural space, overwhelming symptoms often develop 
suddenly. Seizures occur in 70%1 at onset. 

CT scan shows a low density extracerebral collection with mass effcct, often with 
enhancement on the cortical surface; occasionally isodense lesions make identification 
difficult. 

Manafement: Intravenous antibiotic treatment is combined with evacuation of pus either 
through multiple burr holes or a craniotomy flap. Despite active treatment, the mortality 
rate still runs a t  approximately 20%. 

GRANULOMA 
TURERCULOMA 
Although mbcsculomas st111 constitute an important cause of maqs lesions in underdeveIoped munuits (20% in 
India), they are now rare in Britain. T h e  lesionq mav be single or mult~plc. Thcy oftcn Ile in the cerebellum, 
especially in children. 

Cli~ticalf.atures arc thosc of any intracranial mass; alremativelp tuherculoma mav present in conlunction with 
tuberculous meningitis. 

C T  scan clearly demonstratcs an enhancing lesion - hut t h i ~  often resembles astrocytoma or metastasis; 
tubcrculomas havc no disringuishing features. MAT is even more sensltlve and may show additional lesions. 

Other investigations: ESR, chevt X-ray often fail tn mnfrm the disgnosis. A Mantoux (PPD) test is usually 
positive but a negarive teFt does not eliminate the diagnosis. 

Munagenlent: W h e n  ruberculnma i s  suspeaed, a rial  of antiruherculouv therapy is worthwhile. Follow up CT 
scans should show a reduction in the Ierion site. Other patlcnts require an exploratnry noeration and biopsy 
rollowed bv long-term drug trcatmcnt. 

SARCOmOSIS 
Sarcuidos!* i~ a svstemic disease of unknown actiology characrerised by noncareatlng epitheIioid cell tubercles. 
Nervous system ~nvolvcrncnt o m s s  in 8% and may dorn~nate the presentanan. 

Whsn sarcotd infiltrates the cenrsat nervous system i~ ufually involves the meninges. In some paticnts mass 
lcsions may arise rmm the durn, but more cnmmnnly signs and symptoms rclarc to an adhesive arachnoiditis 
involving the skull base, cranial nerves and piruitav stalk. Mass lesions may occasionally X ~ F C  w~rhin the brain 
and spinal cord wirhnut obvious meningeal involvement. 

Inve~tipnrionr MRI (TI weighted: shows either a hyperintense mass ar rnultiplc pcrivcntricu\ar foci. A definitive 
diagnosis is bascd on clinicai and radiological evidence of multisystem disease confirmed by characteristic 
h~s~ologp. 

Tne diagnosis ip often clu~ive and sug~erted by clinical presentation supported hy some of the fnllowing. 
- elevated serum and CSF angrotensin con

v

erting enzyme (ACE), 
- elevated serum immunoglobulins, 
- elevated serum calcium, 
- eievated CSF cell count (rnonocvtes) and imrnunoglobuIinr. 
The Kveirn tcst is not specific and is rarely used. 

Marzqenrent: Long-tcrm steroids. Or in resistant cases, azathioprinr or cyclaphosphamide. 
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MOVEMENT DISORDERS - EXTRAPYRAMIDAL SYSTEM 

The control of voluntary movement is effected by the interaction of the pyramidal, 
cerebellar and extrapyramidal systems interconnecting with each other as well as projecting 
ta the anterior horn region or cranial nerve motor nuclei. 

The extrapyramidal sysrcm consists of 
paired subcortjcal masses or nuclei 
of grey matter basal ganglia 

Subthalamic nuclei , 

Substantia nigra --, 

- - ~ m  -- 4 3  ,?', ', 

nucleus (head) 

Thalamus 

Section (coronal) of 
hemisphere showing deep lTuA@ I 

nuclei of extrapyramidal system I \ 
I \ \ 

Caudate nicleus '\ \\ 

Itail) \ '  

The caudate nucleus and putamcn are 
collectively referred to as the STRIATUM. 

Interconnections of the deep nuclei 
The connections between components of 
the extrapyramidal system and 
other parts of the brain are complex. 
However, certain simple observations 
can be made: 

a - The thalamus plays a vital r61e in projecting 
information from the basal nuclei and cere- 
bellum to the motor cortex via 
thalamocorrical pathwuyays and exerts an 
influence on the corricospinal pathzuay at its 
origin. 
b - The cortical neurons project to the thala- 
mus thus providing a feedback loop between 
these strucrures. 
c - Outflow is solely through the corticobulbar and corticospinal (pyramidal) pathways. 
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MOVEMENT DISORDERS - EXTRAPYRAMl'DAL SYSTEM 

NEUROPHARMACOLOGY 
The observation that drugs such as reserpine and phenothjazines regularly produce 
extrapyramidal syndromes has clarified the neurochemical basis of movement disorders and 
delineated the role of neurotransmitters. 

Neurotransmitter substances are Neuromodulator substances diminish 
synthesised and stored presynaptically. When or cnhance the eflects of nrurotransrnirters 
released by an appropriate stimulus they cross 
the synaptic gap and combine with specific 
receptors of the postsynaptic cell, 
e.g. - acetylcholine - serotonin 

- dopamine - glutamate 
- y-aminobutyric acid 

in the basal ganglia, 
e.g. - substance P 

- encephalin 
- cho1ecystokinin 
- somarosratin. 

ACETYLCHOLINE DOPAMTNE 
- Synthesised by small striatal cells - Synthesised by cells of substantia 
- Greatest concentration in striatum nigra (pars cornpacta) and nigral 
- Excitatory effect. projections in striarum. 

- Greatest concentration in substantia 
nigra. 

- inhibiting effect. 
These two transmitters 
normally are 'in balance.' 63 * @ 

--- - -  L-L-L- -L- - -LLL-- -  - - - - -  - - -  

*chA 56;) or 
excess dopamine '. " .__I depterion - results in the 

movement disorder of 
PARKINSONISM. 

y-Aminabutyric acid (GABA) is synthesised in the striatum and globus pallidus. It 
has inhibitory actions and deficiency is associated with Huntington's chorea. 

Drugs may produce movement disorders by interfering with neurotransmission in thc 
following ways: 

1. - By reducing transmitter 
presynaptically \ Both reduce effective 
e.g. tetrabenazine dopamine and create a 

G "0 . ooQ 0.,, 2. - reduces By blocking dopamine. the receptor / relative acetylcholine excess of 
e f z 2 5  

site postsynaptically 
- as phenothiazines do 

+ 
Parkinsonism 

to dopamine receptors. 
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MOVEMENT DISORDERS - EXTRAPYRAMIDAL DISEASES 

CLINICAL FEATURES 
The effects of disease af the extrapyramidal system on movement can be regarded as 
negative (primary functional deficit) and posative (secondary effect due to release or 
disinhibition in undamaged regions). 

Negative features 
1. Hradykinesia: - a loss or slowness of voluntary movement. 

T h i s  is a major feature of Parkinson's disease and produces: 
- reduced facial expression (mask-like) 
- reduced blinking 
- reduced adjustments of posture when seated. 
When agitated the patient wiIl move swiftly - 'kinesia paradoxica' 

2. Postural disrurbance: - most commonly seen in Parkinson's disease. 
Flexion of limbs and trunk is associated with a failure to make quick postural or 'righting' 
adjustments to correcr imbalance. The patient falls whilst turning or if pushed. 

Positive features 
1. Involuntary miruements: 
- tremor 
- chorea (irregular, repetitive, jerking movements). 
- athetosis (irregular, repetitive, writhing movements). 
- dystonia (slow, sustained, abnormal movement). 
- ballismus (explosive, viol en^ movement). 

Chorea and athetosis may merge into one another - choreoathetosis. 

2. Rigidit33 
0 ,  , .  Stiffness feIt by the examiner when passively moving a limb. 

This 'resistance' is present to t h e  same degree throughout the 
full range of movement, affecting flexor and extensor muscle 
groups equally and is described as PLASTIC or LEAD PIPE 
rigidity. When tremor is superimposed upon rigidity it produces 
a COGWHEELING quality. 

In Parkinson's disease both positive features, e.g. rremor, and negative features, e.g. 
bradykinesia, occur. 

In Huntington's chorea positive features, e.g. chorea, predominate. 
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PARKINSON'S DISEASE 

Described by James Parkinson (1 81 7) in 'An essay on the shaking palsy7. 
Recognised as an extrapyramidal disorder by Kinnier Wilson (1912). 
Annual incidence: 20 per 100 000. Prevalence: 190 per 100 000. 
Sex incidence: rna1e:female - 3:2 
Age of onset: TO years upwards. Incidence peaks in mid-70s then declines. 
Familial incidence occurs in 5 %. 

AETlOLOGY 
The cause of Parkinson's disease is unknown. Discordance in identical twins suggests that 
genetic factors are not important and environmental mechanisms appear to play a role. 

Increased interest in the role of exogenous toxins has arisen through the recent 
observation that, in drug abusers, 1-methyl-4-phenyl 1236 tetrahydropyridine (MPTP) 
produces parkinsonism by selectively destroying nigral cells and their striatal projections. 

Observations of altered iron metabolism, increased oxidative stress, reduced glutathiwne 
and mitochrondrial complex I deficiency indicate a widespread biochemical abnormality. 

Features of Parkinson's disease occur in many disorders (Akinetic rigid syndromes) 
- idiopathic Parkinson's disease 
- secondary Parkinsonism 

- drug induced e.g. haloperidol 
- post encephalitic 
- texic e.g. Carbon monoxide 
- toxic (endogenous) e.g. Wilson's disease 

- Multiple System Atrophy (MSA) 
- Progressive supranuclear palsv 
- Corricobasal degeneration 
- Diffuse Lewy body disease 
- Alrhcimcr's diseasc 

PATHOLOGY of idiopathic The substantia nigra contains pigmented 
disease cells (neuromelanin) which give it a 

characltcristic 'black' appearance (rnacros.copic). 
These cells are lost in Parkinson's disease 
and the substantia nigra becomes pale. 
Remaining cells contain atypical 
eosinophilic inclusions in the cytoplasm - L e v  

Red - bodies - although these are not specific to 
Parkinson's disease. Lewy bodies may be found 
in the cerebral cortex especially when dementia 

newe .-- is present (Diffuse L e y  body disease). 

MIDBRAIN Minor changes are seen in other basal 
nuclei - striaturn and globus pallidus. 

Radiolabelled ligand studies have identified two dopamine receptors on srriatal cell 
membranes - Dl - D5 receptors. 

The D2 reccptor correlates with Parkinson's disease. When blocked by phenothiazines it 
enhances symptoms; when activated by  dopamine or dopamine agonists it reduces 
symptoms. 351 
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PARKINSONnS DISEASE 

CLINICAL FEATURES -- -- Mask-like, expressionless 
Initial qyrnptorns are vague, the patient face, often with drooling 
often complains of aches and pains. 

I.  A coarse TREMOR at a rate of 4 per second 
usually develops early in the disease. I t  
begins unilateraIIy in fie upper limbs and 
eventually spreads to all four limbs. The 
tremor is often 'pill rolling', the thumb 
moving rhythmically backwards and %'-'Pill rolling' tremor 

forwards on the palm of the hand. It occurs at 
rest, improves with movement and 
disappears during sleep. 

Stiff, shuffling gait 

2. RIGIDITY is detected by examination. I t  predominates in the flexor muscles of the 
neck, trunk and limbs and results in the typical 'flexed poaure'. 

3. BRADYKTNESIA: This slowness or paucity of movement affects facial muscles of 
expression (mask-like appearance) as well as muscles of mastication, speech, voluntary 
swallowing and muscles of the trunk and limbs. Dysarthria, dysphagia and a slow 
deliberate gait with little associated movement (e.g. arm swinging) result. 

Tremor, tigidiry and bradykinesia deteriorate simultaneously, affecting every aspect of 
the patient's life: 

Handwriting reduces in size. 
The  gait becomes shuffling and festinant (small rapid steps to 'keep up with' the centre 

of gravity) and the posture more flexed. 
Rising from a chair becomes laborious with progressive difficulty in initiating lower limb 

movement from a stationary position. 
Eye movements may be affected with loss of ocular convergence and upward gaze. 
Excessive sweating and greasy skin (sebomhoea) can be troublesome. 
Depression, drug-induced confusional states and dementia occur in 30% of patients. 
Occasionally autonomic features occur - postural h ypotension. 

Postencephalitic Parkinson's disease (encephalitis lethargica), now rarely encountered, is 
characterised by an earlier age of onset and oculog)~ric crises (acute ocuIas deviation). 
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PARKINSONPS DISEASE 

DIAGNOSIS 
When tremor, rigidity and bradykinesia coexist, distinguish Parkinson' disease from 
secondary parkinsonism by thc absence of a relevant drug history. 

Distinguish TREMOR from 
- senile tremor 

all are absent at rest and more pronounced - essential tremor on voluntary movement. 
- metabolic tremor 

Distinguish RIGIDITY from spasticity - with passive limb movement, spasticity is felt 
towards the end rather than through the full range of movement. 

Distinguish RRRnYKJNESIA from - gait disturbance of normal pressure hydrocephalus. 
SFECT imaging with 1231-iodobenzamide (IB2M) as a D2 ligand and PET studies with 
[181P] 6 fluorodopa appear promising diagnostic tests. Pharrnacologic tests of dopaminergic 
responsiveness with apomorphine (Dl and D2 receptor agonist) do not give definite 
diagnostic information. 

I 
TREATMENT is symptomatic and does not halt the pathological process. I t  aims at 
restoring the dopamine)acetylcholine balance (dopamine deficiency) by: 

1. Anticholinergic drugs 
Synthetic anticholinergics, e.g. benzhexd - usehI in control of tremor, but effect on 
rigidity and bradykinesia is often minimal. 

Side effects: dry mouth, blurred vision, urinary retention and confusion. 

2. Increase dopamine 

, - 1. Exogenous dopa 

Doparnine ,; _ _ _ _ _ - - -  - 2. Dopamine agonist which 
mimics dopamine at 
the postsynaptic striatal receptor site 

I Nerve -' 
terminal Postsynaptic 

I receptor 
Exogenous dopa 

w 00 Given as 1 - levodopa, or 2 - levodopa + decaxboxyIase 
inhibitor, which prevents peripheral breakdown in the liver 
allowing a higher concentration of dopa to reach the blood- 
brain barrier; also the peripheral side effects (nausea, 
vomiting, hypotensian) are diminished, 
Central side effects: confusion, depression, dyskinetic 
movements and following long-term treatment - 'On/O[Y 
phenomenon {see later). 

Controlled-release or long acting prcparations produce constant plasma levels and a more 

I even clinical response. 
Exogenous dopa improves bradykinesia, rigidity and, to a lesser exrent, tremor, but in 

20% the response is poor. 'Good' responders often develop c~ntral side effects later - 
especially the 'onloff phenomenon. 353 
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PARKINSON'S DISEASE 

TREATMENT (contd) 
Dopamine ugonists: When levodopa responsiveness is lost dopamine agonists are used. 
Bromocriptitte is a D2 agonist with mixed agonist and antagonist effects at Dl receptors. 
Lisuride and Perplide are more potent and act mainly at D2 receptors. Apomorphine is an 
agonist at both Dl and D2 receptors given by continuous infusion or intermittent injection 
and is effective in shortening periods of prolonged immobiliry (freezing). 

Dopamine agonists may produce postural hypotension and confusion. 
Selegiidne: the enzymes monoamine oxidase (MAO) A m d  B play a key role in the 
breakdown of doparnine. This drug is an MAO-B inhibitor. Its usage results in increased 
dopamine levels. A recent randornised study has suggested a neuroprotective as well as 
syrnptomalic effect. 
Amantidine, an antiviral drug, may help rigidity. The  mode of action is not known. 

Advances in drug treatment in recent years have reduced the need for stereotactic 
surgery (see page 3701, but in patients with intractabIe tremor this is still of benefit. A 
stereotactic lesion is made in the globus paltidus or ventrolateral nucleus of the thalamus 
(contralateral to the tremor). Pallidotomy relieves contralateral dyskinesia. 
Human fetal m d  medullary transplantation: experimental evidence shows that 
tsansplanta~ion to the stsiatun of tissue capable of synthcsising and releasing dopamine 
reverses the motor symptoms of Parkinson's disease. Despite much publicity, this 
treatment remains experimental. 

Regime of Treatment (Drug therapy becomes more complex as disease progresses) 

EARLY t FLUCTUATIONS -c LOSS OF - AKINETIC - END II 
TREATMENT (ON/OFF) DOPAMINE 'FREEZING' STAGE 
AT DIAGNOSIS RESPONSIVENESS DISEASE 

l-iziid C b - Reduce dose and give more frequently 1-1 I DOSAGE b b 
r- - -- - -- - --  -I Introduce controlled-release preparations 
1 AMAMADINE I - - - )  - - - - - - - - - - -  - - -  
I ANTlCHOLlNERGlCS I 

-b 

APOMORPHINE: INJECTION 

Additional measures 
Nausea: dornperidonc (peripheral dopamine antagonist) 
Hypotcnsion: tilt bed head, elastic stockings + mineralocorticoid 
Peak dose d'skinesia: - lower Ievodopa dose 
Etzd dose d-vskinesia: - add doparnine agonist 
NocturnaI painli7nmobility: - add controlled-release levodopa at night 
Conflrsion/aff~ravnted - add clozapine (cortical doparnine antagonist) 

354 dementia: if no help reduce levodopa andlor dopamine agonist 

DOPAMIME AGONISTS: b 
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CHOREA 

An involuntary, irregular, jerking movement affecting limb and axial muscle groups. These 
movements are suppressed with difficulry and are incorporated into voluntary gestures 
resulting in a 'semipurposeful' appearance, e.g. crossing and uncrossing of legs. 
Causes of chorea 
Hereditary: - Huntington's disease Metabolic: - Hyperthyroidism 

- Benign chorea - Hypocalcaemia 
Drugs: - Antiparkinsonian drugs Immunological: - Systemic lupus erythernatosus 

- oraI contraceptives - Polyarteritis nodosa 
Toxins: - alcohol MisceIlaneous: - Chorea gravidarum 

- carbon monoxide poisoning - Polycythaemia rubia vera 
Infections: - Sydcnham's chorea 

- encephalitis 

HUNTINGTON'S DISEASE 
This is an autosomal dominant disorder with onset in middle life and progression to death 
within 10 - 12 years. Parents of either sex can transmit and penetrance is complete. 

I t  may occur in young persons (juvenile form); here chorea is less apparent and negative 
symptoms (rigidity) predominate. 
Pathology 
Neuronal loss in the striatum is associated with a reduction in projections to other basal 
ganglia structures. In addition, ceIls of the deep layers of the frontal and parietal cortex are 
lost (corticostriatal projections), The  neurochemical basis of this disorder involves 
deficiency of gamma aminoburyric acid (GABA) and acetylcholine with reduced activity of 
enzymes glutamic acid decarboxylase (GAD) and choline acetyltransferase (CAT). 
Symptoms and signs 
Chorea - may be the initial symptom. This progressess from mere fidgetiness to gross 

involuntary movements which interrupt voluntary movement and make 
feeding and walking impossible. 

Dementia - this is of a subcortica1 type (see page 122). 
Behauicwral disturbance: - personality change, affective disorders and psychosis occur. 
Hypotonicity often accompanies fidgety, choreiform movements. 
Primitive reflexes - grasp, pout and palmomenta1 - arc usually elicited. Eye movements are 
disturbed with irnpersjstence of gaze. 
Diagnosis 
On clinical grounds with a family history (although true parents may be unknown, or 
knowledge of illness suppressed). Distinguish from benign hereditary chorea in which 
intellect is preserved. Exclude smile chorea by older age of onset and absence of dementia. 
CT scanning may demonstrate atrophy of the caudate nucleus. MRI shows an increase in 
the Tz signal in the caudate nucleus. 
Prediction of disease 
The Huntington mutation is a tribucleotide repeat on chromosome 4. Identifying this 
locus provides a reliable method of detecting the disease. Presymptornatic testing is new 
available in many centres. These tests raise ethical issues bur also the possibility of early 
neuroprotecdve therapy (NMDA receptor antagonists). 
Treatment Phenothiazines, haloperidol or tetrabenazine, may control the movements 

in the preliminary stages. 355 



LOCALISED NEUROLOGICAL DISEASE AND ITS MANAGEMENT A. INTRACRANIAL 

CHOREA 

SYDENHAM'S CHOREA 
Acute onret. Associated with stseptococcal infection. Remirs in weeks. 
Pathology: Nccrotising aneritis in thalamus, caudate nucleus and putarnen. 
Diapnmis is confirmed by eIevated ESR and A S 0  (antistreptolysin) titre. 
Treatment: Sedation, phenothiazines. 

The condicjon may become recurrent - during pregnancy, intercurrent infection. 

CHOREA GRAVIDARUM 
R a t e  onser In pregnancy, usually the first rrimester. 
Restricted to face or generalised. Perhaps caused by reactivation nf Sydenham" chorea. 
Pathology: Unknown. 
Treatment: Haloperidol. 

Benign Chorea 
Dom~nant inheritance with incompl~te penetration. 
Onsct in chlldhwd 
The movements are mild, occasionally aggravated by physical exercise and only rarely progressive. 

DYSTO N IA 

Dystonia manifests as a sustained 
abnormal posture produced by contraction 
of large trunk and limb muscles, e.g. 
sustained head retraction . . . the foot. 

Dystonias may be: J* 

gencralised - idiopathic torsion dystonia, 
or partial (focal), e.g. spasmodic tosticoIlis. ; 

T h e  precise neuropathological basis of dystonia is uncertain. Vascular and traumatic 
lesions of the putamen occasionally produce this movement disorder. 

IDlOPATHIC TORSION DYSTONIA 
(DYSTONIA MUSCUCORUM DEFORMANS) 
Onset in childhood. Sporadic or dominant inhcntancc. Recent genetic linkage 
studies have localised dominantly inherired disease to chromosome 9. 

InitiaIIy, a flexion deformity of Icg develops when warking. 
Movements thcn become general~eed with abnormal posturing of head, trunk 

and limbs. They arc initially intermittent but ultimately constant. Despite eventual 
gross contortion the postures disappear during sleep. 
Diagnosis is made on clinical grounds and hy exclusion of other disorders. 
- EMG studies show inappropriate co-contractinn of antagonisnc muscle groups. 
Patholom: No known pathoIogical substrate. 
Treatment: lwodopa sr carharnezapine arc ol bmcfit in some patienn; 
antichol~nerg~cs help in others. A small proportion arc dramaucallv dopa-responsive. 

Stereotactic surgery - a lesion in the region of the ventrolateral nucleus of the 
thalamus may reduce the dvsronia in the mntralatcral Iimb. 
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DYSTONIAS - FOCAL & SEGMENTAL IDIOPATHIC 

SPASMODIC TORTICOLLIS (Wry neck) 

Unilateral dcvistion of the head. 
Aetiology is unknown. Vestibular abnormalities occur on testing, but it 
is uncertain wherher these cause torticollis or result from the abnormal 
head pnsrure. 
Dvstunic contraction of the left stemomastoid produces head tumlng to 
the rrfh;. 
Pressure of the index finger on the rr,qht side of thc ch~n may turn h e  
head back to the neural  position (gcstc antagoniste), 
Turning of  the heed is specially noticcablc when the patient is walking. 
Eventually hypertrophy of the srernomastoid occurs. 
Pathology: unknown. Diagnosis is based on clinical findings. 
Treatment: anricholinergin and phenothiazines product some hencfit in 
50% n i  patients. Injection of Bo~ulinurn toxin into thc stcrnomastnid 
mu~c le  p v e s  variablc symptomatic retief though requires r ep l a r  
repetition. 
(Operative techniques no longer performed). 
Prognosis: Remission occurs in 20% of patients. Dysronia may spread 
into other rnuscte group< In the long r e m ,  psychologrcal disturbance 
often occurq. 

WRITER'S CRAMP 
Variablc agc of onset. 
Muscles of thc hand and forearm tighten on attempting to write and pain may occur in the Forearm rnuscler. 
E'reriously regarded as an 'occupational neumsis' but now classified as a parrial dystonia. 
May be a precursor of Parkinsnn'~ disease. 
Treatment Renzndimepines and anticholincrgics arc of iimired value. 

OROMANDIBULAR DY STONIA 
Constant ~nvnluntary pmlonged tight eve clusure (blcpharospasm) is associated with dystonka of mouth, tongue or 
jaw r n u ~ c l e ~  (jsw clenching and ronguc p ro t~s i an ) .  Rcsponse to meamsent is prmr though phennthiazines should 
be d c d .  Section of the nerves to orbicularls oculi muscles wiIl relieve blrpharospasm. Uotulinurn toxin injection is 
also effective. 

DRUG TNDUCED DYSTONIR 
Acute adrlption of abnormal dyston~c posturc -usually head and neck or nculopric crisis (upward deviation of 
eyes) - caused by phcnothiazines, butyrophenones, e.g, haloperidol, rnctoclopramidc. 
Antichollnergics, e.g. henmopinc for 2 4 3 8  houm helps symptoms scttle. 

LEVODOPA RESPONSIVE DYSTONLA 
This diforder presents in childhood and generally involvcs thc legs only. Falls arc frequent and the response to 
levodopa is maintained over many years. 

PROGRESSIVE SUPRANUCLEAR PALSY 
A condrtion characterised by gaTe palsies, extrapyramidal Fcarures, axiul dvrrmiu (truncal dvstonia) and 
progressive pseudnbulhar palsy. rinser tn the 5th to 6th decade, 
Aetiology: unknown. 
Pathology: h'curonal loss is cvident In periaqueductaI grey rnattcr, brain stem, nuclei, subthalamic nuclei and rhe 
superior col1iculi. 
h'curr?fibrillary tangles as seen in Alzheimer's drsease arc also found. 
Signs: Downward eye movement is ininally impaired followed by all other voluntary eve movcmcnt. Lid 
r ~ t r d ~ ~ i o n  is common. Pseudobulbar sign? develop (see pagc 534). 
The head then hyperextend~ (dystonia) and rigidity ensues in the limbs. 
Treatment: 1,evndopa and ant~cholincrgrcs give drsappointing results. 
T h e  courqe i s  relentless with progessron and death in 2-5 years. 
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OTHER MOVEMENT DlSORDERS 

This i s  a movcrnent disorder charactcriscd by unilateral, 
Head of v~oient flinRing of the limbs. This involuntary movcmcnc is 

-. Caudate nucleus occasionalIy severe enough to throw rhe patient off balance or 
even from his hed. 

The anatomical basis is a Iesion of the subtholamic 711rclci or 

- -. Thalamus _, - its mnnections mntralatcral to the abnormal movement. I t  

..- uaually reauIrq from vascular direare {posterior cerebral arrcrv 
, , , , territory), but occasionally occurs in multiple sctcrosis. 

/ 
I - +- Drug treatment is ineffective. The condirinn often settles 

spantaneouslv. 

ArnTOSIS  
Arhetosic presents in childhood and appears as a slow writhing 
movement disorder with a rate of movement between that of 
chorea and dystonia. It  usually involves rhe digits, hsnds and 
face on esch side. 
These abnormal movements may rcsulr from: 

- Hypoxic nconatal brain damage, 
- Kernic-terus, 
- Lipid storage diseases. 

Response to anticholinerg~cs is variable and occaqionally 
dramatic. 

4 

T A R D M  DYSKMESIA 
Thls rs a consequence of long-tcrm rreatmcnt with neuroleptic drugs - phenothiazines, butvrophenoncs - and 
rcsults from rhe development of drug-induced supersensitive doparnine receptors. 

Involuntary movements in the face, mouth and tongue (orofaclal dyskinesia) as we11 as Iimh rnovemcnts of a 
chorwtheroid tinturc occur. 

This movcrnent disordcr may commence even after stopping thc rcspons~bIc drug and can persist indefinitely. 
Prevention 
Incidence may be reduced by: 

1. Drug 'holidsvs' (penods of rest from causal drug). 
2. Early r~cognirion and drug withdrawal. 
The practice of incrcaslng the dose of the offending drug when movemrnrs occur should he avoided. T h i s  will 

improve movements initially, but they will 'break thmugh' later. 
Treetment 
Discontinue neuroleptic. If nor possibIe, continue on lowest possible dose. Drugs which increase ace~lcholine 
(Deanol:, reduce ratecholamine rcleasc (lithium), s r  deplete doparnine (reserpine) arc variably cflcctive. 

TICS 
Ahrupr jerky movements affecting head, neck and rmnk. Tics can be voluntarily suppressed and often take the 
Form of w~nking, grimacing, shnulder shmgning, sniffing and throat clearing. 
Gilies de lo Tntrrsrte Syndrmne i s  characterised by motor and vocal tic%, copropraxia (making obscene gestures), 
coprolaiia (obscene utrerances) and obyessive behaviour. Onsct is in chiIdhood, males are more often aifccred and 
rhe condition mav be inherited. 

Thc neurntransrn~tter di~rurbance is unknown but patients respond to phenothiaxincs and clonidine. 
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OTHER MOVEMENT DISORDERS 

 MALIGN^ NEUROLEPTIC s m a o m  
A rarc condition aqsociated with prcscrihing dopamine antagonist and long-acting depot neurolepuc preparations. 
Drowsiness, fever, tremor and rigidity occur suddenlv. Muscle necrosrs (rhabdomyoly?is) resulrs in myoglobinuris 
and occasionally renal failure. Early idenrification and trcarmenr with dopamine receptor agon~sts  (brornocriprine) 
and muscle r d w n t s  (sodium dantrolene) may he lire saving. 

WILSON'S DISEASE (hepatoEenticular degmeration) 
A rare autosomal recessive disorder of copper 
rnerabolism in which extrapyramidal features arc ev~dent. 
The genc abnormaliry has been located ro chromosome 13. 
Patholagy 
Cavitation and neuronal loss occurs within the putamen 

a m,% 
and the globus pallidus. Liver Globus ' 

The Iiver shows the appearance of coarsc cirrhosis. 

I/ 
pallidus putamen 

Copper accumulates in all organs, especially in -A 

Descemct's membrane in the eyc, nail beds and kidney. 
Lentiform nucleus 

Biochemistry 
There IS deficiency of x2 globulin - Ceruloplarmin - which normafly btnds 98% of mpper in rhc plasma. This 
results In an increa~e in luosely bound cnpperialbumin, and deposition occum in all organs. Urinary copper is 
increased. 

Clinical features 
There are rwa clinical forms: 

1. Amre (Children) 2. Chrmic voung adults) 
Rmdykinesia ----- Marked proximal 'wing heating' tremor 
Rehovioural change &, . Dysarrhria, dystonia and rigiditv 

Involuntary movement- Chorenathctoid movements 
L ~ V W  imolvemm~ common -7 - Psvchosis, behavloural disorders and dementia 

Liver involvement less severe 
Untreated: death in 2 gearr 
from hepatic and renal fa~lurc Uncreatcd: death in I 0  ycars 

The deposition of copper in Descemet's membrane produces the gnkdm brown Kavser-Plei~cher ring, whlch 
when seen bv naked cyc or slit-lamp is d~agnostic. 

\\ /----, 
niagnasis 
Clinical findings supperccd by biochemical evidence: 

- Low ceruloplasmin (less than 20 mgldl) 
- Elevated unbound serum copper 

rn 8 ,  

- High urinary copper excretion 
- I.iver biopsy and copper metabolism tests with radioactive "CU. 
- MRf (TI) shows rhalamic and putaminal hyperintensiry. 

In famil~es, brochern~cal tCFfl will identify lnw ccruloplasmin in carricrs and in presflptomaric patients These 
relarives require appropriate acnetic counselling and treatment when indicated. 

Treatment 
Low mpper diet and a chelating agent, e.g. perticillmine 1-1.5g daily. Side effects such as anaphylaxis, skin rash, 
bone marrow suppression and glomeruEonephririr are common in which case tricntinc is an effective alternative. 

Therapy is necessae for the rest of the patient's life. Adequate treatment. is compatible wirh normal life 
expectancy. Kayser-Fleischer rings will disappear wirh tlme. 
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HYDROCEPHALUS 

DEFINITION 
Hydrocephalus is an increase in cerebrospinal fluid (CSE) volume, usually resulting from 
impaired absorption, rarely from excessive secretion. 

This definition excludes ventricular expansion secondary to brain shrinkage from a 
diffuse atrophic process (hydrocephalus ex vamo). 

CSF FORMATION AND ABSORPTION Arachnoid granulations 

CSF forms at a rate of 500 mllday 
(0.35 mllrnin), secreted predominantly Lateral 
by the choraid plexus of the lateral, 
third and fourth ventricles. CSF flows 
in a caudal direction through the 
ventricular system and 
exits through the 
foramina of Luschka 
and Magendie into 
the subarachnoid space. After passing 
through the tentorial hiatus and over 
the hemispheric convexity, absorption Foramina of Luschka - - - -_ 
occurs through the arachnoid and Magendie +-'--  

granulations into the venous system. 

CLASSIFICATION 
'Ob.rr~.ucrzveVydroccphalrrs - obstruction of CSF flow wirhin the ventricular system. 
'Corntnunicacin~' hydrocephalus -obstruction TO CSF flow ourwith the ventricular system i-C. 

ventricular CSF 'communicates' with the subarachnoid 
space. 

CAUSES OF HYDROCEPHALUS 
Obstructive 
Acquired - Acquired aqueduct stenosis 

(adhesions following infection 
or haernorrhage) 
- Supratentorial masses causing 
tentorial herniation 
- Intraventricular haernatoma 
- Turnours - ventricular, c.g. 

colloid cyst 
- pineal region 
- posterior fossa 

- Abscesses/gsanuIorna 
- Arachnoid cysts 

Congenital - Aqueduct stenosis or forking 
- Dandy-Walker svdrome 
(atresia of foramina of Magendie 
and Luschka) 
- Chiari malformation 
- Vein of Galcn ancurysm 

Communicating 
Thickening of the leptomeninges 
and/or involvement of the arachnoid 
granulations 
- infection (pyogenic, TB,  fungal) 
- subarachnoid haemorrhage 

- spontaneous 
- trauma 
- postoperative 

- carcinomarous meningitis 
Increased CSF viscosity, e.g. 
high protein content 
Excessive CSE production - 
choroid plexus 
papilloma (rare) 
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I 

I 
HYDROCEPHALUS 

I PATHOLOGICAL EFFECTS 

Ventricular 

CSF flow 
obstruction or 
impaired + 

absorption 

dilatation CSF permeates 
through the Raised intsacranial pressure 
ependymal 5 White matter damage and 
lining into gliotfc scarring. 
the perfven- 
tricular Some CSF absorption occurs 

white from periventricular blood 

matter vessels. 

In the infant, prior ro suture fusion, head expansion and massive ventricular dilatation may 
occur, often leaving only a thin rim of cerebral 'mantle'. Untreated, death may result, but 
in many cases the hydrocephalus 'arrests'; although the ventricles remain diIated, 

I 

I 
intracranial pressure (ICP) returns to normal and CSF absorption appears to balance 
production. When hydrocephalus arrests, normal developmental patterns resume, although 
pre-existing mental or physical damage may leave a permanent handicap, In rhese patients, 

I the rapid return of further pressure symptoms following a minor injury or infection 
I 

I suggests that the CSF dynamics remain in an unstable state. 

CLINICAL FEATURES 
Infants and young children 

Tense anrerlor . 'Cracked pot' sound on skull 

Acute onset - - k Increased skull circumference 
irvirabiliry, impaired 

(compare with norma1 growth conscious level 
curves, corrected for child's and vomiting 
height and weight) 

GraduaI onset - 
nterrtal rerardatiorz, -Lid retraction 

failwe to thrive Impaired upward I 'setring sun' 
Thin scalp with dilased veins pressure transmission appearance 

to the 
midbrain rectum 1 

Juvenile /adult type hydrocephalus 
Acute onser - signs and symptoms o f f  ICP - headache, varniting, papiloedema. 

- impaired zapward gose dererioration of conscious level 

Gradual onset - demenria This triad of symptoms may occur despi~e an 
apparently "normal' CSF pressure, i.e. NORMAL PRESSURE 
HYDROCEPHALUS (See page 126) 
The condition often relates to previous trauma, 
meningitis or subarachnoid haemorrhage. 
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HYDROCEPHALUS 

INVESTIGATIONS 
Skull X-ray 
Note: - skull size and suture width. 

- evidence of chmnic raised pressure - erosion of the posterior clinoids. 
- associated defects - platybasia, basilar invagination. 

CT scan 
The  pattern of 
zrentrfcular enlar~ement 
helps determine the cause, i.e. 

Periventricular 
lucency (if present) 

I 
normal 4th - suggests ,/ 

f suggests raised CSE 
lateraf < ventticle aqueduct < pressure. 
3- stenosis. '\ (Wide sulci suggests 

3rd ventricular dcuiared or - suggests a \ 
ventricular 

dilatarion absent 4th posterior \ dilatation is due to 

ventricle fossa mass. 

T? 
an arrophic process.) 

Dilated 3rd ventricle 
generalised - suggests a communicating 
dilatatab~ hydrocephalus Dilated lateral ventricle 

I .? " (temporal horns) :' 2 - N o r m a l  4th ventricle 

Ultxasonography through the anterior fontanelle, usefully demonstrates ventricular 
enlargement in infants but provides less precise information than CT scanning. 
MRI qhows similar ventricular expansion, but may more clearly demonstrate 
periventricular lucency or a neoplastic cause of the obstruction. 
ICP monitoring: used to investigate patients with suspected norma1 pressure 
hydrocephalus and designed to predict the likelihood of a beneficial response to shunting 
(see page 127). 
Developmental assessment and psychometric analysis detect impaired cerebral 
function and provide a baseline for future comparison. 

MANAGEMENT 
Acute ventricular drainage or 
drreriorntim L aenrriculo-peritoneal (VP) (or ventriculoatrial (VA) shunt 

if peritoneal adhesions) \ lumbar puncture - if communicating hydroccphslus, c.g. following 
subarachnoid haemorrhage. 

Gradual / VP shunt (lumboperironeal shunts are occasionaIIy used far 
deterioration communicating hydrocephalus). ' removal of a mars lesion if present - this may obviate the need for a shunr. 
'Arrested hj~drocephalus' - symptomless ventricular dilatation requires no treatment, but 

regular developmental or psychometric assessment ensures no 
362 il! effects develop from this porentially unstable state. 
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HYDROCEPHALUS 

Shunt techniques 
A reservoir permits CSF _--A ventricular catheter is inserted 
aspiration for analysis. .--. through the occipital (or frontal) 
A eial?~e is incorporated in thh. horn. The  tip lies at the level of 
system, with either -+ the foramen of Munro. 
- fixed opming pressure 
e.g. EIeyer-Schultu, Hakim 
- vanable opcning prcssurc , Ventrfctiloatrz'al shunt - distal 
(flow regu.ularcd) e.g. Orbis atheter inserted through the 
sima, Delta internal jugular vein to the right 
- programmable c.g. atrium (T6/7 level on chest X-ray). 
Mcdos, Sophv. 

I Valve opcning 

pressures range 
.- Silastic tubing tunnelled 

from 5-150 mrn H20 subcutaneously. 

I [Lumboperitoneal shunt - catheter Ventriculuperitoneal shunt - distal 
inserted into the lumbar --- - catheter inserted into the 

dir~ctIy at open operation or peritoneal cavity. In  children, 

percutaneously through a Tuahy .. . redundant coils permit growrh 

needle. The distal end is sited in the peritonea1 cavity.] revision- 

Complications of shunting 
Infection: results in meningitis, peritonitis or inflammation extending along the 
subcutaneous channel. In  patients with a V-A shunt, bacteraemia may lead to shunt 
'nephritis'. Staphylncoccus epidermidis or aurer4.r are usually involved, with infants at 
particuIar risk. Prophylactic antibiotics may minirnise the risk of infection, but, when 

L established, eradication usually requires shunt removal. 
Subdural haemaroma: ventricular collapse pulls the cortical surface from the dusa and 

leaves a subdutal CSF collection or tears bridging veins causing subdural haemorrhage. 
This risk may be reduced with a variable pressure or programmabIe valve. 

I 
I S h u n t  obstruction: blockage of the shunt system with charoid plexus, debris, omenturn or 
I bIoed clot results in intermittent or persistent recurrence of symptoms and indicates the 

need for shunt revision. Demonstration of an increase in ventricular size compared to a 
previous baseline CT scan confirms shunt malfunction. Over a third require revision 

I within 1 year and 80% within 10 years. 
Low pressure state: following shunting, some patients develop headache and vomiting on 

sitting or standing. This low pressure state usually resolves with a high fluid intake and 
gradual mobilisation. If not, insertion of an antisyphon device or conversion to a high 
pressure valve is required. 
Third Ventriculostomy: In patients with obstructive hydrocephalus, creating a hole in 
the floor of the third ventricle via a flexible or rigid endoscope, provides an alternative 
method of treatment which, if successful, avoids the problem of shunt obstruction, 
infection and over drainage. 
Prognosis: Provided treament precedes irreversible brain damage, results are good with 
most children attaining normal IQs. Repeated complications, however, particularly 
prevalent in infancy and in young children carry a significant morbidity. 
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BENIGN INf  RACRANfAL HYPERTENSION 

Benigm intracranial hypertension (pseudoturnour cerebri) is a term applied to patients with 
raised intracranisl pressure and no evidence of any  'mass~esion or of hydrocephalus. 
AETIOLOGY: This condition is related to a variety of clinical disorders: 

Mosr demonstrate a direct I In rhe minority, thc causal link remains obscurc, 
causal link - I bur a variety of factors are associated - 

I VENOUS OUTFLOW OBSTRUCTION TO I DIET - obesity. 
CSF ABSORPTION I - hypezlhypovitaminosis A. 

, Sagittal sinus I ENDOCRIXF - pregnancy, menarche, menstrual 
irregularities, Addison's disease. 

I HAEMATOLOGICAL - iron deficiency anaemia. 
- polycythaemia Vera. 

Lateral sinus I DRUGS - oral contraceptives. 
- steroid withdrawal. 
- tetracycline. 
- nalidixic acid. 

I Various mechanisms have been postulated. 
- - lntratkoracic 

cardiac failure 
I - BRAIN SWELLING Different studies support 

mass lesion 
I - CSF ARSORPTIOK different mechanisms. The 
I - CSr; SECRETION ) link with obesity suggcsts an 

underlying endocrine basis, 
but, except in Addison's 
disease, endocrine 

CLINICAL FEATURES assessment has failed to 

Age: any age, but usually in 3rd and 4th decades. reveal abnormalities. 

Sex: female > male - especially in the idiopathic group. 

Symptoms Signs Investigations 
Headache Obesity CT scan - ventricles usually small. 
Visual obscurations 1 Visual ,field charr in~  - 
Impaired visuaI acuity - Papi11oedema \ Enlarged blind spot (often used to monitor 
Diplopia VI nerve palsy { PeripheraI field constriction. progress). 
In women the condition is often associated Lumbar puncture and pressure measurement. 
with - recent weight gain, fluid retention, ICP mn~zirorin~ - if diagnostic doubt persists, 
menstrual dysfunction, the first MR Venogrom - will identifv a sinus 
trimester of pregnancy and she thrombosis (see page 41) 
postpartum period. 

TREATMENT PROGNOSIS 

Treat the underlying cause if known. Most patients respond rapidly to 

W ~ i g h t  reduction diet.  short-term treatment, but up to 

Drugs - acetaznlamide (reduces CSF production). one-third develop securrenr attacks. 

- thiazide ditcretics. In 10% visual impairment persists. 

If above fail + lrcnzbnperitntaeal shunt. 
364 Optic nerve sheath fenesrration - if progressive impairment of visual acuity despite treatment. 
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CHlARl MALFORMATION 

Although the names of two authors (Arnold and Chiari) were originally linked to the 
description of malformations at the medullary-spinal junction, Chiari must take most credit 
for providing a detailed description of this condition. 

1 TYPE I TYPE I1 TYPE 111 

Spinal 1 
Syringomyelia 
Hydromyelia } (50%) 

1. 

I 
The cerebellar tonsils lie 

I 
I Part of the cerebellar vermis, I I 

below the level of the foramen medulla and 4th ventricle I 
I magnum (cerebellar ectopia). I extend through the foramen , 

1 
This may not produce , magnum, often to the I 

Cranial 
Hydrocephalus (10%) 
(occurs less often than 
Chiarj originally 
descibed) 

symptoms. 

Associated 
conditions 

(in symptomatic 
patients): 

Part of the cerebellum 
and medulla lie within 
a cervico-occipital 
meningomyelocele. 

I midcervical region. The lower I 

I cranial nerves are stretched and 
I 
I the cervical nerve roots run 

I 
I horizontally or in an upward , I I direction. I I 

I 

[TYPE IV 
Cerebellar hypoplasia 
- best considered as a 
separate entity .] 

J I L - , - - - , - - - - - - - - 
1 Spinal 

i Spina bifida - meningomyelocele, diastornatomyelia 
1 Ccrvlcal fusion (Kl~ppcl-Fc~l) 

1 Cranial 
I Hydrocephalus (85%) 3 Aqucduct stenosis and forking 
1 Small posterior fossa 
1 Rasiiar impression 
4 Fusion of both thalami 
I Fusion of the superior and inferior co1Iiculi 
I Micromria 
I Hypoplasuc tentorium rcrehelli and falx 

I Skull lscuniae - vault thinned or defective 

; Others 
I Developrnenral anomaIies of rhe cardiovascular, gastmintestinal and 
I genitourinary systems in 10% 
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CHIARI MALFORMATION 

PATHOGENESIS 
Several hyporhe~es have been pmpoqed to cxplain the pathologica! findings of these malformations. Gardncr 
suggested that downward pressure from hydrocephalus played an irnpi-tant role in displacing the posterior Cossa 
structures and, when associated with a parent central canaI, explained the high incidence of syringnrnyelia (page 
387). Others supposed that rrurrinn from a rethered spinel cord (dysraphisrn), or a CSF leak through a myelocele 
into the amniot~c sac in fetal life resulrcd in caudal displacement of thc posterior fossa structures. OF these 
theories, none provides an entirely ratisfactory explanatton; a more realistic view artnbutes the hindbrain 
deformity ro mal~ievelopnrmt during early fetal Iifc. This win~ld explain the prcsence nf other developmental 
anornalics. 

CLINICAL PRESENTATION 
Depends on age 

ADULT 

Severe type I1 (or 111) deformities present with respiratory d$ficulties and 
lower cranial newe palsies. Death may result from ospiratian pneumonia 
or apnoeic a t tach,  or from complications of associated malformations, ' 

e.g. spina bqida. In milder forms, nystafmus (borizoncal), rctrocnJlis (neck 
extenden) and spasticity predominate. 

With increasing age, gait ataxia may become evident. Features of an 
associnted syringomyelia - dissociated sensory IOS.F and spasric 
padraparcsis often contribute to the clinical problems. 

Only patients with a type T or a mild type II deformity present in 
addt life - 
Occipital headaches are induced by coughing or straining 
Nystapus - downbeat rotatory 1 may result from 

(on looking Or (on lateral medullary compression 
down) gaze) or from an associated 

syringomyelia (see page 387). 
Ataxia 
Spastic quadraparesis 
Progression may eventually lead to severe bulbar symptoms - lower 
cranial nerve palsies, respiratory diffiarlties. 

INVESTIGATIONS 
Magnetic resonance imaging (h4RIj is the 
investigation of choice. T 1 weighted sagittal 
and axial scans most clearly demonstrate Y 

c I 

cerebellar ectopia and the presence or I 

absence of an associated syringomyelia. 

- 1 

Chiari malformation 
(with associated syringornyelia) 

f!-: 11 
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CHlARl MALFORMATION 

Investigation (conrd) 
Skull: note the prescnce of platybasia, basilar impression or lacunae (vault 

f defects). 
Straight Cervical spine: note increased canal width or fusion of vertebrae (especially 
X-rays C2,3$ - Klippel-Feil syndrome. 

Lt.trnbosocra1 spine: nore any associated spina bifida. 

Myerography (if MRI unavailable) 
CT scan: dificult to intcrpret a t  the cervico- medullary junction, 
but shows soft tissue filling the spinal canal at t h i s  Icvel. 

Contrast run up to the foramen 
magnum with the patienr in the 
supine position outlines a posteriorly 
situated filling defect. 

MANAGEMENT (see aEso syringomyelia, page 387) 
In patienrs with hydrocephalus and signs -.+ Ventriculoperironed or atrial shurft may 
and symptoms of raised intracranial significanrly improve signs and symptoms 
pressure. attributed to the Chiari malformation. 

In patients with other -+ Posterior fassa decompression - by removing the posterior 
symptoms and signs rim of the Foramen magnum and the arch of the atlas. The dura 

is opened and a dural graft inserted. Attempts at freeing 
tonsillar adhesions should be resisted. An apnoea monitor in the 
initial postoperative period helps de~ect  potentially fatal apnoea, 
especially during sleep. In some instances, patients with 
minimal symptoms or with no evidcnce of progression may 
warrant a conservative approach. 

PROGNOSIS 
Patients with mild symptoms and signs often respond well to operation, but those with 
long-standing neurological deficits rarely improve. Treament should aim at preventing 
further progression. 

Further deterioration eventually occurs in one-third, despite operative measures, 

SYRINGOBULRIA 
Extension of a svnngomyclic caxety upwards into the mcdulla may produce signs and symptoms which are 
difficult to diqtinguish from those nf rncdullary compression in the Arnold-Chiari syndrome: 

- difficulty in swallowing, dysphonia, dysarthria, vertigo, facial pain 
- nystagmus, palatal and vrrcal cord weakners, occasional facial and tongue weakness. 
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DANDY-WALKER SYNDROME 

This rarc developmental anomaly comprises: 

1. Dilatnrion of thc lateral and 
third vcntriclcs (but LO a 
lcsser extent than thc fourth 
ventricle) 3. Enlarged po~rerior fossa with 

' high tcntorium cercbclli and 
transverse smuses. 

2. Widely scparatcd, hypoplastic 
cerebellar hemisphcrss, ,- 4. Cystic dilatation of t h e  4th 

with a small hypoplastic ventr~cle - ~rsrral!~! related to 

vemir, displaced rostrally. congenital absence of the 
foramina of Lurchka and 
Magendic. 

5. n i n ,  transparent membrane containing 
Other developmcnta? anomalies nccur in ependymal cclls and occasionaIly 
65'X of patients. cerebellar tissue. 

GI-INICAL PRESENTATION 
Infancy: Svrnptnrns and signs, of hydrocephalus (page 3661) combined wirh a prominent occipur. 
Childhood: Signs of cerehellar dysfunction with or without signs of hydroccphalus. 

Skull X-ray: Usually shous elevation of ihe transverse sinuses and occipital bulging, confirming thc presence of 
an enlargcd posterior fossa. 

Confirms dilatation 
of the 4th ventricle Dafferenriare from: 
with Iareral - Midline atachnoid distinguish from Dandy-Walker 
displacernmr of cyst by identifying cerebellar 
hypoplastic cerebellar - Englarged cistema tisauc or septum between the 
tissue. rnagna ~ y s t  and the 4th venrride 

Dilated - / 

hlANAGEMENT 
Excision of the cyst membrane, 'marsupialising' the 4th ventricle. 
Alternatively, and more simply, cystopentnneal shunt. 

PROGNOSIS 
Markcd neurological impairment prior to mament  cames a poor outlook. In lees impaired patients, the prognosis 
dares more to the presence of orher developmental anomalies. 
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In normal childhood development, the cranial sutures ailow skull enlargement as the brain 
grows. Premature fusion of one or more sutures results in restricted growth of bone alongside 
the suture and excessive compensatory growth at the non-united joints. The effect depends 
OR the site and number of sutures involved. Sagittal synostosis is the most frequently 
occurring deformity. 

-- ---- --- 
SAGITTAL SYNOSTOSIS 
1,ateral growth is restncred, 
rwuIting In a long narrow head 
with ridging aapjttal 1 
suture (scsphoccphaly). 
Treatment: by wide excision 
of the rag~ttal  suture. 

CORONAL SYNOSTOSIS 
Rilareral or unilateral. 

Fxpansion occurs in a superior and lateral direction 
(hrachiocephaly). This produces a short anterior 
foasa, shallow orbits and hypertelorirm (widening of 
thc interocutar distance). Exnphthalmos, elevated ICP 
and viwal impairmenr from pap~llocdcrna may result. 
Rilateral coronal synostmis commonly occurs, as onc 
of several congenital defects incorporated in 
Cro~tzon's and Apert's  syndrome^. 

Involvement of several sumres (oxycephaly) results in skull expansion towards the 
vertex, the line of least resistance. 

PANSYNOSTOSIS (all sutures affected) results in failure of sku11 growth with n 
symmetrical abnormally small head and raised intracraninl pressure. I t  is imporcant to 
distinguish this from microcephaly due to inadequate primary brain development. 

Treatment o f  coronal, metopic and pansynostosis involves e,aensive crani~facial surgery 
correcting both cranial and orbital deformities. 

Indication for operative treament is primarily cosmetic when only one suture is 
involved, but with involvement nf two or more sutures operation is dso aimed at 
prevention of visual and cerebral damage from raised TCP. 

Posterior Plapjocephaly (nattening o f  the back o f  rhe head) 
An increasing number nf Infants present with this condition. This is rarely due to a true lamhdoid synostosis hut 
it is thought to he an acquired 'locked suture s~ndrnme' with secondary fusion rollowing posterior moulding. Only 
those who develop a pregres-ive skull deformity require surgical trcarment. 
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STEREOTACTIC SURGERY 

Stereotactic techniques developed injtiallv for 
lesion making, enable accurate placement of a 
cannula or eEcctrode a t  a predetermined target 
site within the brain with the least risk. 
Many diffcrcnt stcreotactic frames have been 

developed, e.g. Lekscll, Todd-Wells, Guiot. 
These, combined with radiological landmarks 
(usually ventrimlopaphg) and a brain atlas, 
provide anatomical localisation tn within * 1 mm, 
Since some functional variability occurs 
at each anatomical site, d c ~ o d c  localisation 
is also based on the recorded neurnnal activity 
and on the effects of electrical stimulation. 

CTIMRI STEREOTACTIC SYSTEM 
CT and lURl compatible stereotactic systems allow cannula insertion to any poinf selected 
on the image. They are aH based on the concept of identifiable ~xtcrnal reference (fiducial) 
markers, 
c.g. Brown-Robert-Wclls (RRW) system: 

The position of the localising 
rods an the C f  image permits 
calculation of the co-ordinates 
of a selected target 

1 

A head ring is 
attached to the I 

skull and locating 
rods are inserted 

Biopsy 
forceps . 

. . 1 After confirming the pmbe position on 
! 

a target simulator, the lacalising rods 
are removed and replaced with an arc 
guidance system. This allows insertion 

o o Y of the probe or biopsy forceps, to the 
target position fram any desired 
direction. 

CT!MRL stcreosurgery provides the optimal method for rhe biop~y or aspiration of 
small, dcej=dy siruored rtirnotrrs or U ~ S C E S S ~ S .  llvEany now use stcreotactic biopsy, for larger 
twnours, I t  carries lower risk than handheld biopsy and allows selectinn of specific areas 
within the turnour, Functional stcreotavy e,g. thalarnotomv, paIlidotomy, still rcquires 
electrical stimulation for the final localisat ion. 

E?lm combined with cranioromy it permits direct macroscopic examination of a lesion 
and mav aid localisation, e.g. a small arteriovcnous malformation. The improved resolution 
now availabIe with CTlMRI scanning has led to sufficient anatomical localisation for 

370 accurate lesion making, obviating 'the need for vmtriculo~raphy. 
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STEREOTACTIC SURGERY 

METHODS OF LESION MAKING 
Hear - radiofrequency current delivered through a fine electrode 
Cooling - with a cryogenic probe determined by 
Radiation - implantation of radioactive seed, e.g, yttrium'0 temperature 

- focussed beam from cobalt"hods (sited on a specially change and 
adapted Leksell frame) or from a linear accclcrator. duration. 

USES OF STEREOTACTIC SURGERY Pain - especially intractable head or 
Movement disorders neck pain in malignancy. 
- tremor lesions in ' rhalamic \ / - Lesion in centromedian 
- dystonia nucleus of the haIamus and 
- spasmodic tnrticollir nuclei lntralaminar nuctci, or 
- spasticitv - lusion in dentate descending rract of the 

nucleus or pulvinar. tri ~erninal nucleu?;. 
- dyskinesia - lesion in plohus pallidus LESION- 

MAKING 

Psychosurgery 
Obsessive and - Bilateral 

compulsive illnesq / cinguloromy 

Intractable depression - Subcaudarc 
rractutorny 

, spasticity - cerebellar stimularion Movement disorders , 
STIMULATION \f tremor - thalamjc stimulation 

'* Fain - intractable pain, - stimulation of she thalamic relay nuclei, 

unresponsive to internal capsule, penaqueductal or 

other measures pcriventricular grcy martcr 

ASPIRATION ---.F cyst, abscess, or haernaroma 

BIOPSY - particularly for small and deeply situated mrnours 

/ 
implantation of sadioacrive seeds, e.g. craniopharyngioma 

IRRADIATlON 
external stereotactic irradiation appears useful in the zreament 
of small deep arteriovenous malformations 
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IMAGE GUIDED 'FRAMELESS' STEREOTAXY 

Although craniotomy with conven~ional stereotaxy is feasible, in practice the cumbersome 
frame, combined with the aiming device, tend to obstruct the operating field. The need for 
a simultaneous CT or MRI with the head ring and locating rods in place leads to a further 
inconvenience. 

The combination of modem imaging, elaborate computer software and a locating device 
now permir the surgeon to determine how the tip of a pointer outwith or within the skull, 
directIy relates to a two or even three dimensional CT or MR image. 

The accuracy of the technique depends on the quality of the digitised image and on thc 
method used to register the patient's head to the image. The registration of recognisable 
skin points (e.g. nasion, inner canthus, ears) on the patient to the CTlMR image provides 
an accuracy of 2-3 rnm and this is sufficient for most purposes. 

Infra-red beams de- 
tect the position of 
the probe in space \\ 

til 
\ \ 

I\ 
\ \ I \  

\ i \ ,  

Alternatively, 
potentiometers 
detecting the angles in a 
rnultijointed mechanical arm 
fixed to the patient's head 

Pointer with infra- 

clamp, feed back information 

The position and direction of 
the pointer tip is displayed on 
the CT/MR image. 

2D or 3D image 
acquired before 

.red surgery 

on the pointer tip position. 

Uses of 'frameless' stereotaxy 
Aids accurate positioning of burrholes and bone flap, and the planning of the safest 
approach to thc lesion. 

TUMOURS ARTERIOVEKOUS MALPOKMATION 
- biopsy - localisation of lesion and the feeding vessels 
- resection: locates, then identifies the 
tumour margins and the position of 
important adjacent structures ABSCESS 
- brachythcrapy (see page 304) - aspiration 

EPILEPSY 
- defining the extent of resected tissue e.g. ORRIT 

amygdalohippocampectomy - location of intraorbital lesion 
- placement of depth electrodes 

Framed stereotactic rncthods are stili sequircd for funainnal procedures, most of which require a local anaesthetic 
372 and patienr cooperation. Hcad movement prevents accurate registration. 
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PSYCHOSURGERY 

In 1935, observation of behavioural changes in chimpanzees following bilateral abIation of 
the frontal association area, led to the introduction of lesion-making for psychiatric disease 
(Moniz). The  operation of prefrontal leucotamy was perfected and used on patients with a 
wide variety of problems. In Britain, between 1940 - 1955, neurosurgeons performed over 
10 000 operations. It became evident that patients with affective problems - depression, 
anxiety and obsessional neurosis - showed better results than those with schizophrenia. 

As a consequence of the introduction of chlorpromazine in the E95Os, and the operative 
complications and results - perhaps limited by poor case selection, prefrontal leucotomg 
fell into disrepute. The need for a surgical procedure persisted, however, in thnse patients 
where drugs had little effect. Despite pharmacological improvements, some patients 
developed chronically disabling conditions requiring continua1 hospital care; in others with 
acute depressive illness, the suicide rate was high. 
Stereoracric surgery provided a method of lesion-making which was virtually risk free and 
this is now generally accepted as a suitable treament in selected patienas where drr l~  
treatment has faded. Issues of 'informed consent' for such procedures in the mentally ill are 
often ethically difficult. 

INDICATIONS FOR STEREOTACTIC SURGERY AND LESION SJTE 

1 SUBCAWDATE TRACTOTOMY ] 
i 

- endogenous depression :, LIMBIC LEUCOTOMY 
- chronic anxiety states 1 I (smaller subcaudate and 

or phobias 
(e.g. obsessional 

cingulare lesions) 
- obsessional neurosis 

- 1 AMYGDALOTOMY 1 
- severe, uncontrolled 

aggression related to 
psychiatric or 
neurological illness. 

Results 
Depression!anxiety states - up to two-thirds benefit from subcaudate tractotomy. 
Obsessional neurosis - 80% improve following limbic leucotomy. 
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SPINAL CORD AND ROOTS 

Disorders localised ta the spinaI cord or nerve roots are detailed below, but note that many 
diffuse neurological disease processes also affect the cord (see Section V, e.g. multiple 
sclerosis, Friedreich's ataxia). 

SPINAL CORD AND ROOT COMPRESSION 
As the spinal canaI is a rigidly enclosed cavity, an expanding disease process will eventually 
cause cord andlor root compression. 

Causes 
extradural 

TWMOURS - primary - ' inrradural (exrramedullary) ' secondav \ inrramedullary 

INFECTION - acute, e.g. staphylococcal pXtraduraI ' chronic - TI3 A intradural 

DISC DISEASE A U D  SPONDYLOSIS 

PVM extradural 
KAEMATOMA - spontaneous 

\ trauma ' intramedullary 

/ extradural cvsnc LEsroNs - lntradural - arachnoidal 
\ intramedullary - syringornyelia 

Manifestations of cord or root compression depend upon the following: 

Site of lesion within the spinal canal: 
an expanding lesion outside the cord produces 

Interruption of 
descending motor 

signs and symptoms from root and segmental 
damage. 
ROOT - lower motor neuron (1.m.n.) and 
sensory impairment appropriate to the 
distribution of the damaged root. 
SEGMENTAL - 1.rn.n. and sensory 

1 impairment appropriate 
to segmental level. 

Interruption of ascending sensory and 
descending motor tracts produces sensory 
impairment and an upper motor neuron 
(u.m.n.) deficit below the level of the lesion, 

Lesions within the cord (intramedullary) 
produce only segmental signs and symptoms. 
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SPINAL CORD AND ROOT COMPRESSION 

Level of the lesion: a lesion above the L1 Intervertebral 
vertebral body may damage both the cord foramina 

and its roots. Below this, only roots are 
damaged. 

Vascular involvement: whether neuronal 
damage results from mechanical stretching or 
is secondary so arterial ischaemia or venous 
obstruction remains uncertain. On occasions, 
clinical frndings indicate cord damage well Thoracic 

segments beyond the level of the compressive lrsion; 
this implies a distant ischnemic effect due to 
blood vessel compression at the lesion site. 

Speed of onset: speed of compression 
affects  he clinical picture. Despite segments 

producing upper motor neuron damage, a 
rapidly progressive cord lesion often segments 
produces a 'flaccid paralysis' with Ioss of 
reflexes and absent plantar responses. This 
state is akin to 'spinal shack' seen following 
trauma. Several days or weeks may elapse 

(After RING A. * 1 
before tone returns accompanied by the Sacral 
expected 'upper motor neuron' signs. Local Diagnosis roots 

in h'eurnlogica1 1-5 
Disease 15 ed.1 

Coccygeal root 

Clinical features 
These depend on the site and level of the cumpressive lesion. 

, - - -- ROOT - severe, sharp, shooting, burning pain radiating into 
the cutaneous distribution or rnuscIe group supplied by the 
root; aggravated by movement, straining or coughing. 

SEGMENTAL - continuous, deep aching pain radiating into 
whole leg or one half of body; not affected by movement. 

-'BONE - continuous, dull pain and tenderness over the 
affecred area; may or may nor be aggravated by movement. 
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SPINAL CORD AND ROOT COMPRESSION - 
NEUROLOGICAL EFFECTS 

LATERAL COMPRESSIVE LESION Roatlsegrnental damage 
MUSCLE WEAKNESS in groups supplied by the 

Cofiicospinal Dorsal columns - gracile 
and cuneate nuclei involved root and segment with LOWER MOTOR 

tract, 
t' NEURON (1.m.n.) signs: - wasting; - loss of tone; 

- fasciculation; - diminished or absent reflexes. 
N.B. motor deficit is seldom detected with root 
lesions above C5 and from T2 to L1. 

SENSORY DEFECT of afl modalities or 
hyperaesthesia in area supplied by the root, but 
overlap from adjacent roots may prevent 
detection. 

Lateral spinothalarnic Long tract - signs and symptoms 
tract Partial (Unilateral) cord lesion (Brown- 

SCquard syndrome) 
BROWN MOTOR DEFICIT - dragging of the leg. In high 

cervical lesions weakncss of finger movements 
is noted on the side of the lesion. 

otlsegmental UPPER MOTOR NEURON (u.m.n.) signs 
(maximal on side of lesion): 
- weakness in a 'pyramidal' distribution, i.e. 

arms - extensors predominantly affected; 
legs - flexors predominantly affected. 

- increased tone, clonus; - increased reflexes; 
- extensor plantar response. 

SENSORT DEFICIT - numbness may occur on the 
same side as the lesion and a burning 

lpsilatera' dysaermesia on the oppositc side. 
- joint position sense and accurate touch 

localisation (two point discrimination) 
impaired on side of lesion. 

joint position - pinprick and temperature sensation impaired 
sense and on opposite side. 
accurate touch 
Iocalisation 

In pracrice, cord damage i s  seldom re.rtricted to one side. Usually a mixed picture occurs, with 
an asymmetric distribution of signs and symptoms. 

Damage to sympathetic pathways in the T I  root or cervical cord causes an ipsilateral 
Homer's syndrome (page 14 1). 

BLADDER symptoms are infrequent and only occur when cord damage is bilateral. 
378 Precipitancy or difficulty in starting micturition may precede retention. 
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- - 

SPINAL CORD AND ROOT COMPRESSION - 
NEUROLOGICAL EFFECTS 

LATERAL COMPRESSIVE LESION (conrs) 
Long tract damage - complete cord lesion 
MOTOR DEFICIT: the speed of cord compression 
affects the clinical picture. Slowly growing lesions 
present with difficulty in walking; 
the legs may 'jump' at night. Examination 
reveals u.m.n. signs ofwn with an 
asymmetric distribution. Rapidly progressive 
Icsions produce 'spinal shock' - the limbs are flaccid, power 
and reflexes diminished or absent and plantar responses are c~ Impairment of all 

absent or extensor. sensory modalities 
up to the level of 

SENSORY DEFICIT: jllv01vts all modalities and occurs the lesion. 
up to the I~vel  of t hc  lesion. 

BLADDER: patient first notices difficulty in i ~ t i a t i n g  
micturition. Retention follows, associated with diminished or 

incontinence as automatic emptying occurs. 
absent 

Constipation is only noticed after a few days. Some 
patients develop priapi.rm (painful crcctian). Limbs 

CENTRAL CORD LESION 

Segmental damage: A central lesion initially damages 
the second sensory neuron crossing to the tatera1 
spinothalamic tract; pain and temperature sensations are 
impaired in the distribution of the involved segment. As 
the lesion expands, anterior horn cells are also involved 
and a 1.m.n. weakness occurs. 

'CAPE' sensorv 

Long tract effects: further lesion expansion damages 
the spinothalarnic tract and corticospinal tracts, the 
mosr rnedialty situated fibres being involved first. With 
lesion in the cervical region, the sensory deficit to pain 
and temperature extends downwards in a 'cm~'-like 
distribution. As the sacral fibres lie peripherally in the 
lateral spinothalamic tract, SACRAL SPARING can occur, 
even with a large lesion. Involvement of the 
corticospinal tracts produces u.m.n. s i p s  and symptoms 
in the limbs below the level of the lesion. The  bladder 
i s  usually involved late. 

In the cervical cord, sympathetic involvement may 
produce a unilateral or bilateral I-lorner's s-vndrome. 



LOCALISEO NEUROLOGICAL DISEASE AND ITS MANAGEMENT B SPINAL CORD AND ROOTS 

SPINAL CORD AND ROOT COMPRESSION - 
NEUROLOGICAL EFFECTS 

LOWER CORD (CONUS) CAUDA EQWNA LESIONS 
Root or segmental lesions may involve the upper part of the cauda equina 
and produce rootlsegmental and long tract signs as described on the 
previous page, e.g. an expanding proximal t4 root lesion causes weakness 
and wasting of the foot dorsiflexors, sensory deficit over the inner calf, an 
increased ankle jerk and an extensor plantar response. Bladder involvement 
tends to occur late. 

The lower sacral roots are involved early, 
producing loss of motor and sensory 
bladder control with derrusor paraIysis. 
Overflow incontinence ensues. Impotence 
and faecal incontinence may be notcd. A 
1.m.n. weakness is found in the muscles 
supplied by the sacral roots (foot 
plantarflexors and evertors), the ankle 
jerks are absent or impaired and a sensory 
deficit occurs over the 'saddle' area. '5addle' area. 

VERTEBRAL COLUMN 
If  a spinal cord or root lesion is suspected look for: 
- Scoliosis, Ioss of lordosis or I - suggests root irritation 

limitation of straight leg raisin# 
- Paraaertebral swelling - suggests malignant disease: or infection - Tenderness on bone percussion 
- Restricted spinal mobil~tjr - suggests bone, disc or root involvement 
- Sacral dimple or rufr  oJ hair - suggests spina bifida occultaldernoid. 

SPINAL CORD AND ROOT COMPRESSION - 
INVESTIGATIONS 
STRAIGHT X-RAY On the ANTERO-POSTERIOR views look for: 

- Pcdicle erosion 1 - suggests malignant 
extradural tumour 

.,- Thinning of the 
pedicle and 

widening of the -. interpedicuIar 
distance 

- suggests 
longsranding 
intradurall 
intramedullary 
expansion. 
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SPINAL CORD AND ROOT COMPRESSION - 
INVESTIGATIONS 

STRAIGHT X-RAY ( c a r d )  

On rhe LATERAL view 'ScalIoping' of h e  

Collapse of the vertebral posterior surface of the 

body suggests vertebral body indicates a 

malignant infiltration longstanding intradural 
or osteoporosis 
(If the disc space is 
destroyed, infection 

-1- facet joints support a 
diagnosis of disc diseas~  
or lumbar spinal stenosis 
(but not diagnostic) - - Expansion of 

the intervertebral 
foramina suggests neurofibroma 

/ I 

On OBLIQUE views ,# Narrowing from osteophytic encroachment 
indicates possible root compression 

(but often seen in asymptomaric elderly patients) 

MRI 
This is now the investigation of choice for spinal 
disease, whether this lies within or outwith the dura 

l 
or the spinal cord. Clinical examination and straight 
X-rays may suggest the level of rhe lesion and guide 
the level of examination. If &is fails to detect a 
lesion, then furthcr imaging must cover the whoIe 
length of the cord since occasionally the site of 
compression Tics many segments higher than the 
clinical s i p s  indicate. The  examination must involve 
both T1 and T2 weighted images, the former often 
repeated with gadolinium enhancement. Sagirtai or 
coronal views are of value in outlining a section of the 
spinal cord or the cervical medullary junction. On 
displaying an abnormality a t  a particular site, axial 
views ar selected levels may provide additional 
information. MRI differentiates a syrinx (page 387) 
or a cystic swelling within the spinal cord from a 
solid intsamedullary tumour (page 386). 

Coronal T 2  weighted 
MRI showing an in- 
rradural, extramedullary 
lesion (cpendymoma) 381 
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SPINAL CORD AND ROOT COMPRESSION - 
INVESTIGATIONS 

MELOGRAPHY 
I f  MKI 1s unavailable, rnyelography is used ra acreen the spinal cord and the cauda equina. This will identify the 
Ievcl of a compressive lcsion and indicate its probable site 1.e. intradural, extradural. 

I ' 

vertebral body contrast material to one side Contrast material is  
at site of block "Shoulder' of splayed around the  

contrast material dilated cord 

Extradural 
PARTIAL ; COMPLETE 
RLOCK I BLOCK 

I 
t 

I 

Dura lifted off 'Ragged' edge to 

Even with an apparent 'completen block, sufficlenr contrast medium may be 'coaxed' beyond che lesion to 
determine ~ r s  upper extent. If not, a cervical puncture may he necessary. 

Radio-opaque markers on the skin surface at the <ire of the block are a useful operative guide. 
Lesions in Lhe lumbar and sacra1 re@ons require a 'rodiculo~rom', outlining the lumbosacral roots. 

Intradural 
EXTRAMEDULLARY ; INTRAMEDULLARY 

RLOCK ! BLOCK 

/ Cord displaced 

I t  is impractical ta use this as a screening invcstigarion for cord compression, bur if the level of interest is known, 
CT scanning provides useful additionat infomatlon. 

PIain CT with axial cuts will clearly demonstrate bone 
Vertebral body eroded by turnour erosion, osteophytic outgrowth and thickened facet joints 

causing narrowing of the spinal canal or intervertebral 
foramen. Axial LWB wiIl alsn demonstrate disc disease of ofe 
IumbosacraI spinc, show dic relationship ai any paraspinal 
mass to the vertebral body and intervertebral foramen and 

- Displaced identify the extraspinal extent of an intraspinal lesion, e.g. 
thecat sac neurofibmrna. 

-if ' CT npeltyraphy with axial cuts (CT performed cilha 6-12 
hours after rourinc rnyelography or imrnediatcly aftct 
inuathecal injection of just a few mls of contrast) 

medium dcmonstrares clearly the dcpce of spinal mrd or nerve mot 
compression. 

CSF ANALYSIS 
This is of limited valuc in cord 
compression. Abnormalities frequently 
occur, but [urnbar puncture ma+v 
prenpitate neurological dererinrot~nn, 
presumably due to the creation of a 

382 pressure gradient. 

If cord cumpre~sion is suspect [hen lumbar pvnrturc and CSF 
analysis should await irnabn~. 
CSF protein: often increased, especially below a complete 
block. 
CSF cell count: a marked leumcyte count suggests an 
infective cause - abscess or tuberculosis. 
CSF cytology may rcvcal rumour cells 
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SPINAL CORD AND ROOT COMPRESSION 

TUMOURS 
Incidence: The table shows the number of patients with histologically confirmed tumours 
admitted to the Institute of Neusalogical Sciences, Glasgow, over a 5-year period 
(population 2.7 millions). Tumour types differ in adults and children and are considered 
separately. 

Adults Children 
EXrRADURAL (7a"/o) EXTRADUW (18%) 
Metastasis 118 Metastasis 
Myeloma If) Lymphoma 
Neurofibroma 15 
Lymphoma 14 
Others 7 
 RURAL (1R%) ~ U R A L  (64% 
Meningioma 22 Dermoidlepidermoid 6 
Scbwannorna 13 others 1 (Table adapted 
Others 4 from Adams, 

INTRAMEDULLARY (4%) INTRAMEDULLARY (18%) Graham and 

8 Doyle: Brain 
Astrocytoma Astrocytoma Biopsy, 1982) 
Others 1 

Pathology: The pathological features of spinal tumours match those of their intracranial 
counterparts (scc page 294). 
METASTATIC TUMOUR 
Occurs in 5% of all cancer patients and accounts for 50% of adult acute rnyefopathies. 
Primary site: Usually breast, lung, prostale or kidney. 
Metastatic site: Thoracic vertebrae most often involved, but metastasis may occur at any 
site and may be multiple. 
Clinical features: Bone pain and tenderness are common features zlsualIy preceding Iimb 
and autonomic dysfunction. 
Investigations: Plain radiology may be diagnostic as osteolyric lesions or vertebral 
collapse are present in most cases. MRI or myelography will identify extradural 
compression and help exclude or confirm multiple level disease. 
Management 
In the previous decade, numerous patients with spinal cord compression were subjected 

to a 'decompressive' laminectorny followed by radiotherapy. Since metastatic tumour 
usually involves the vertebral body and pedicles, removal of the spinous processes and the 
lamina served only to increase instability. Not surprisingly results were extremely poor. 

Most now feel that radiotherapy is the appropriate initial treatment, once the diagnosis is 
established, unless known radioresistance or a rapidly deteriorating neurological condition 
enforces the need for szrrgical dccornpression. Major operative procedures are inappropriate 
in the elderIy, in patients with paraplegia of > 6-12 hours duration, and in patients with a 
dismal prognosis from their primary tumour (e.g. small cell bronchiaI carcinoma). In such 
patients, if medication fails to control pain, a palliative course of radiotherapy may help. 

To establish a diagnosis if not already known ?~~~~~ f To decompress the spinal cord yet maintain rtabiliry of vertebra1 column 
treatment To produce stability if instability causes excessive pain 383 
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SPINAL CORD AND ROOT COMPRESSION 

VERTFRRAL AOnY OR THE 

Techniques 
Riops,v -needle biopsy of a paraspinous mass or POSTEROLATERAL APPROACH 
trnchar biopsy of infiltrated bone 

Several ribs are 
Surbcol resected along 
decumpres~zmi with the transverse 

processes. 

Collapsed vertebral 
A?JT%RIOR TRANSTHORACIC 

nacowpRessroN: Provides excellent 
mposure of the vertebral bodies, but 
requires the more extensive procedure of 
a thoracotomy. Usually rmerved for 
patients with thc best outcome e.g. - - - - - M ~  

breast carcinoma. 

FOR TUMOUR L W E  PDSTERIOR 

TO THE CORD OR OhZY INVOLVING THE 

IAMmA A N D  SFINOUS PROCESSES- = 
SUGGESTED SCHEME 
OF MANAGEMENT 

LRMINECTOMY: Removal of  
the lamina and spinal processes. 

Acrylic bIock 
inserted and 
sccured with k- 
wires or with a 
metal plate 

No known RADIOTHERAPY 

prlmary 

\ I infiltrated bone I I 
Known primary funher deterioration 

I 

deprndent on 
agc, cxtcnt 
and duration of 
limb weakness 
and pro~nosis of I 

1 - 4  
I 

A N T E R M R  DECOMPRESSION d------  -7 

I I {or laminertomy if vertebral I I 

Prognosis: Outcornc depends on the nature of h e  primary turnour. Mean survival after surEery and radiotherapy 
ranges from 6 months for Iung carcinoma to 45 months for prastat~c and thyroid carcinoma. 

lmdy net involved) 

MYELOMA 
'Thlr malipant condition usuaily affects older age groups. It i q  often rnuItifocal, involving rhc vertebra1 bodies, 
pelvis, ribs and skuI1, but solitary turnours may clccur ('plasrnacytorna'). Spinal cord compressfon rxcurs in 15% of  
patients with myeloma and rarely without veacbral body ~nvolverrent due to intradural deposit%. I f  suqpea, look 
for characterisric changes in the plasma immunoglobulins and for Bence-Jones prutein in the urine. An isotope 
bone scan may be less informative than a radiological skeletal survey. Bonc marrow shows infiltration of plasma 
cells. Serum calcium levels may he high. 

Management i s  as Tor metastatic rumour with additional chemotherapy. The prognosis i s  variablc but patients 
384 may survive many years with a solitary plasmaqtoma. 

% I I R A D I U ~ E W Y  1 I 
- - E ~ ~ ~ ~  1310P5Y I fl I 



LOCALISED NEUROLOGICAL DISEASE AND ITS MANAGEMENT & SPINAL CORD AND ROOTS 

SPINAL CORD AND ROOT COMPRESSION 

MENINGIOMA 
Spinal rneningiomas tend to occur in elderly patients 
and are more common in females than in malts. They 
usually arise in the thoracic region and arc almost 
always inzradural. Slow growth often permits 
considerable cord flattening to occur before symptoms 
become evident. MRI or CT myelography will idenrity 
the lesion. 

The  operative aim is complete removal. ResuIts are 
usually good, but if the turnout arises anteriorly to t h e  
cord, excision of the dural origin is difficult, if not 
impossible, and recurrence may result. 

SCHWANNOMA~NEURO~ROMA 
Schwmnornas are sIowly growing benign ntmours 
occurring at any level and arising from the posrerior 
nerve roots. They lie either entirely within the spinal 
canal or klumbbell' through the intervertebra1 
foramen, on nccasions presenting as a mass in thc 
thorax or posterior abdominal wall. 

Neurofibrornas are identical apart from their 
microscopic appearance (page 295) and their 
association with multiple neurofibromatosis (Von 
Recklinghausen's disease NFL - see page 540) - look 
for cafe au lait patches in the skin. 

Schwannomas tend to occur in the 30-60 age group. - 
Typically they prcscnt with root pain. Root signs andl Neurofibroma 'dumbbelling' 
or signs of cord compression may follow. through intervertebral foramen 

MRI or CT myelo~raph~y identifies an intradurall 
extramedullary lesion. Oblique X-rays may show 
foramina1 enlargement; C T  scan will delineate any 
cxtraspinal extension (see page 382). Complete 
operative removal is feasible but thc nerve root of 
origin is inevitably sacrificed. Overlap from adjacent 
nerve roots usually rninimises any resultant 
neurological deficit. 
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SPINAL CORD AND ROOT COMPRESSION 

iNTRAMEI3ULLARY TUMOURS 
Intrinsic tumours of h e  spinal cord occur infrequently. In  the Glasgow serics (Table, page 383) almosr all were 
slowly growing mrrncy!omas (grades I and 11) although other ser~cs reporr an equal incidence of ependymnmm. 
Cystic cavities may lie within the nunour or at thc upper or Iower pole. R e n i ~ n  lesions include 
haemangioblastorna, l ipma,  cpidemoid, rubcrcuIoma and cwernous angioma, 
Clinical features 
Thc onsu 15 usually gradual. Segmental pain Es common. lntwruption of the dccussaring fibres of the latcra! 
sp~nothalam~c tract causes loss of pain and temperature sensation a t  the levd of the involved segments. 

Turnour expansion and involvement of the anterior horn cells produces a 
lower motor neuron weakness of t h e  corresponding muscle groups; 
cnrtimspinal track involvement produces an upper motor neuron wcaknesq 
below the level of the lesion, The sensory defic~t sprcads downwards 
bilaterally, the sacral region hring ihc last m bemrne involved. 

Invesdgations 
Straight X-rays occasionally show widening of the 
intcrpedicular distance or 'scaIloping' of rhc vertebral 
bodies. Myelography confirms the presence of an 
intrarnedullary leslon, but M R I  provides moqt 
informanon, differentiating turnour from 
syringomqelia, and identifying the mtcnt of the 
lesion and the presence of any associated cypts. 

hhnagernent 
Wrh~n sn intrinsic cord tumour is suspected, an exploratory Iarnineutnmy i s  required. An attempt is made to 
obtain a d~agnosis either through s longitudinal rnidllne cord incision or hy needle biopsy. Cystic cavitics within a 
NmOUf or an associated syringamyelia may bmcfit From aspiration. With some ependymornss and benign lesions, 
a plane of cleavage iy evident and partial or even total removal is possible. Rrrempted removal of low grade 
earrocytomas carries Iess encouraging result? and operation is cnnmindicated in malignant NmOWS. After rumaur 
blopsv Or removal, radiotherapy i s  ofrcn administered, but its value is uncertain. 

EPENnYMOMA OF THE CAUDA EQUINA 
Ovcr 50% of spinal cpcndymomar occur around thc cauda equina and present with a central cauda equina 
syndrome (page 380). Operative removal combined wirh radiotherapy usually gives good long-term results, 
although metastatic seeding occasionalIy occurs through rhe CSF. 

SPINAL CYSTIC LESIONS ,- Intramedullary cystic lesion: 
syrin~omyclia (scc over) at cystic 

Enteragenonil cysts: cysts with a cavitation within a glioma. 

mucoid content are occasionally found '\ 
\ 

lying ventral or dorsal to the cord. Thcy \ - - .. Arachnoid cysts: arachnoid pouches 
--+ 

are often associatcd with vertebral filled with contrast medium are 
malformation o r  other congcn~tal occaainnally found incidentally during 
ahnormaliry, and are though1 to arise myelography. Thesc may seal nff, 

From remnanrs of thc ncuroenreric pruduclng CSF filled cysts. They nccur 
canal. predominantly in the thoracic region 

and sometimes caure cord compression. 
Children with extradural arachnoid 

EpidermoidJdermoid cysts: may he - ---'#- cysts frequcnrIy develop kyphosis; the 
of developmental origin or mav Follow causal relationship remains unknown. In 
fmplanratlnn from a preceding lumbar ankylnsing spondvlitis lumbosacral cysts 

386 puncture procedure. produce a cauda equina syndrome. 
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SPINAL CORD AND ROOT COMPRESSION 

SYRINGOMYELIA 
Sytingomgelia is the acquired development of a cavity (syrinx) within rhe central spinal 
cord. The lower cervical segments are usually affected, but extension may occur upwards 
into the brain stem (syringobulbia, see page 367) or downwards as far as the filum 
terminale. 

The cavitation appears to develop in association with obstruction: 
- usually around the foramen magnum in conjunction with the Chiari rnalfomarion. 
- also secondarily to trauma or arachnoiditis. 
The  syrinx may obliterate the central canal leaving clumps of ependymal cells in the 

wall. In contrast HYDROMWLIA i s  the congenital persistence and widening of the central 
canal. 

Sgringomytlia should be distinguished from cystic intramedullary turnours, although 
both pathologies may coexist. 

Arnold-Chiari malformation 
with cerebellar tonsils impacted 

Pathogenesis in the foramen magnum. 
The exact cause oi rhls condit~on remains unknown 
but rheuries abound. In 1965, Gardner prnpoaed thc 
'hydrodvnomic theor-ii', suggesting rhac rhe 
craniocertebral anomaly may irnpalr CSF outflow 
from the 4th ventricle to the asrema magna. Thir in 
turn was bclievpd to resulr in transmlsslon of a CSF 
arterial pulse wave through a patent central canal, 
d~lating the anal below t hc  level of compresston. 
T h ~ s  theory, however, do= not explain h e  
occurrence of syringomyelia in patients w ~ t h  non- 
patent c m m l  canals. Most now artnbute the 
formation of thc syrinx to pressure changes 
transmitted thmugh the epidural wins to the spinal 
canal durlng cough~ng or straining. In the presence of 
an obst~ct lve  elcmcnt these pressure changcs appear 
to force CSF into the cord substance. Thlr devclops 
Into a cyfr~c cavity which progressivelv extends. 

Syrinx containing fluid 
identical to CSF 

Clinical features 
- Dissociated sensory loss (i-e. loss of pain and temperature 
sensation with retention of other senses) occurring in a cape-like 
distribution. Painless busns are a classic sign. 
- Wastinr and weak?zess of the small ~nuscles of the hand and 
winn@ng of rhe scapula from anterior horn cell involvement. 
Scoliosis often results. 
- Long tract signs follow. 
- Brain stem .cigns may appear, either from syringobulbia or an 
associated Chiari malformation. 
- Hydrocephalw occurs in 25 % but is usually asymptomatic. 
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SYRINGOMYELIA (crmrd) 
Investigations 
MRI is the investigation of choice (see page 366). This will demonstrate h e  syrinx with 
any associated Chiari malformation and exclude intrarnedullary tumour. If MRI is 
unavailable - MVatoGRAPHY demonstrates widening of the spinal cord. With coexisting 
Chiari malfonnations, screening in the supine position will show the cerebellar tonsils 
descending below the foramen magnum. 

The introduction of air into the CSE space - AIR MW.LOGRAFHY - may muse 'collapsc"oof the dilated segment 
thereby excluding an intrinsic cord tumour. A CT scan, six hours after injection of intrath~cal contrast, may show 
uptake within the syrinx, but beware of rnisinterprcting normat contrast uptake within spinal cord tissue, Puncture 
nf the syrinx is occasionally possibIc and suhrequent injection of mntrast shows its exact extent. 

Management 
The natural history is variable and operative techniques only of limited benefit. The 
approach depends on progression of symptoms and the presence or absence of an 
associated Chiari malformation. 

If Chiari malformation is present - decompression by removing the posterior rim of the 
foramen magnum and posterior arch of the atlas resuks in improvement of long tract and 
brain stem signs in approximately 30%. Progression is halted in a further 40%. This 
operarion relieves hind brain pressure, and may alter the hydrodynamics of the syrinx. 
If deterioration in the above patients continues, or if no associated Chjari malformation 
exists - 

The  syrinx is drained via 
a silastic tube into the 
surrounding CSE space, 

Alternatively, a 
syringoperitoneal shunt is 
performed. Some patients 
benefit from this procedurs 

4 but in one-rhird, progressive 

To CSF space deterioration continues. 

or peritoneum 

Syringomyelia remains a difficult condition to treat. Draining the syrinx into the CSF 
space by syringostomy may not significantly alter the haemodynamics. Syringoperitoneal 
shunt may seem to be the most logical approach. Despite all efforts, at least one-third of 
patients suffer progressive deterioration. 
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SPINAL CORD AND ROOT COMPRESSlON 

SPINAL INFECTION 

EPIDURAL 

4, ~ D U I U L  (rare) 
(subdural or intrarnedullarv) 

Bacterial 
Acute abscess, < Fyogenic abscess formation e.g. sraphylncoccus (occasionally follows 
Low ~ r a d ~  pyogenic rnening~tis) 
infection, e.g. Rrucella Tubercuioma 
Granuloma - TB, syphilis 

Cy tomegalovirus 

(parasitic hyatid disease Fungal, c.g. Candida 
- v q  rare rn Brimin) Parasitic, e.g. Cystocercosis 

ACUTE EPIDURAL ABSCESS 
Tend to occur in debilitated patients - diabetes, malignancy, liver or renal failure, intravenous 
drug abuse and alcoholism. 

Organism: Sraph~~Iococcus aurelis is the most common agent (90% of cases) 

Spread: Haematogenous, e.g. from a boil or furuncle, or direct from vertebral 
ostmrnyelitis. 

Site: Usually thoracic, but may affect any level and be extensive. Cord damage occurs 
either from direct compression or secondary to a thrornbophlebitis and venous infarction. 

Clinical features: Develops over several days mimicking a rapidly progressive extraduraI 
nunour or haematoma with biIateral leg weakness, a sensory level and urinary retention, 
but distinguishing features are: 
- very severe pain and tenderness over the involved site. 
- toxaemia: pyrexia, malaise, increased pulse rate. 
- rigidity of neck and spinal column, with marked resistance to flexion. 

As the abscess extends upwards, the sensory level may rise. 

Investigations: Srrai~ht X-ray mav or may not show an associated osteitis. 
An MRI or ~nye log~am confirms the site of the extradural lesion. 
CSF examination, if performed shows an increased white cell count, usually 
polymorphonuclear, but may be normal. 
A leucacytosis i s  usually present in the peripheral blood and the ESR raised. 
Blood culr~ires are usually positive. 

Management: Urgent decompressive laminectomy and abscess drainage combined with 
intravenous antibiotic therapy over some weeks provide the hest chance of recovery of 
function. 
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SPINAL CORD AND ROOT COMPRESSION 

SPINAL TUBERCULOSIS (Fott's disease of the spine) 
In deveIoping countries, spinal T B  is mostly a disease of childhood or adolescence. In 
Britain it usually affects the middle aged and is parricularly prevalent in immigrant 
populations. The incidence is now increasing, probably due to the development of 
antibiotic resistance. 

Thc lower thoracic spine is commonly involved and the disease initially affects the 
intravertebral disc and spreads to adjacent vertebral bodies. 
Clinical features: 
The  classic systemic features of weight loss, night fever and cachexia arc often absent. 

Pain occurs aver the affected area and is made worse by weight bearing. 
Symptoms and signs of cord compression occur in approximately 20% of cases. 
The onset may be gradual as pus, caseeus material or granulation tissue accumulate, or 

sudden as vertebral bodies collapse and a kyphosis develops. 

STRAIGHT X-RAYS are characteristic. 
, Infective process 

Anterior superior 
or inferior angle of 
the vertebral and may Involve * $--- body is -L--- the pedicles or 
initially 
involved. 

The disc space collapses as the 
vertebral plate is destroyed. 

MRI with gadnlinium shows an epidural mass with paraspinal soft tissue swelling. 

Management: 
Every effort is made to establish the diagnosis. A needle biopsy is often sufficient, but 
occasionally an exploratory operation (cos~otransversecramy) is required. Long-term 
anrizuberculous ~herapy is commenced. 

If signs of cord compression develop, decompression is necessary. 

A POSTERIOR DECOMPRESSION, removing POSTEROUTERGL APPROACH 
the remaining unaffected bone, is / (costotransversectorny): 
likely to cause instability. An T h e  standard approach. 
anterior or posterolateral Several ribs are resected 
approach is thereforc medially, along with the 
required. transverse processes. 

ANT@RIE)R TRANSTHORACIC DECOMPRESSTOP.: 

with s m t  graft fusion is somenmcs 
performed. This permits clearance of pus 
and caseous dcbris without rcrracting the ~7 J 

390 spinal cord. 
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DISC PROLAPSE AND SPONDYLOSIS 
I 

Intervertebral discs act as shock absorbers 
for the bony spine. 

A tough outer layer - the annulus ---_ 
fibrosis surrounds a softer central nucleus 
pulposus. 

Discs degenerate with age, the fluid 
within the nucleus puIposvs gradually 
drying our. Disc collapse produces 
excessive strain on the facet joints, i.e. the Transverse process 

superior and infcrior articulatory processes 
of each vertebral body, and leads to  
degeneration and hypertrophy. 

LUMBAR DISC PROLAPSE 
An acute disc prolapse 
occurs when the soft 
nucleus herniates through a 
tear in the annulus and may 
result from a single or articular facet process 
repeated traumatic 
incidents. Herniation 
usually occurs laterally and 
compresses adjacent nerve 

disc: protrusion Compressed roots 
roots, but may occasionally within cauda 
occur centrally, 
compressing the cauda 
equina. 

A 'free fragment' of the 
nucleus pulposus may extrude and lie above or 
below the Ievel of the disc space. 

Associated hypertrophy of degenerated facet joints 
is often a further source of back and leg pain and is an 
important cause of root compression. 

Disc prowusion 

/ I \  Facet joint Root 
Trauma \malali~ment ,,,,,,yression 

Facct joint 
degeneration nerve root 

and hypertrophy 391 
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LUMBAR DISC PROLAPSE 

A con~eniralIy narrowed spinal canal increases susceptibility to the development of nerve 
root compression. Here the spinal canal diameter is mnsiderably diminished and minor 
disc protrusion or mild joint hypertrophy may more readily compress the nen-e root. 

Lateral disc herniations usually compress the nerve root exiting through the foramen 
below the affected level, e.g. an L3/4 disc lesion will compress the L4 nervc root, but Iarge 
disc protrusions or a free fragment may compress any adjacent root. 

Spinous process 

Superior articular process 

Dural sac 

Lateral disc protrusion 

Lumbar disc Iesions may occur at any level but L415 and L5JS1  are the commonest sites 
(95 O h ) .  

CLINICAL FEATURES 
Lateral disc protrusion 

Injrrry: R history of falling, or lifting heavy weights often 
precedes the onset of symptoms. 
Leg p a i ~ :  Root irritation or compression produces pain in 
the distribution of the affcaed root and this should extend 
below the mid-calf. Coughing, sneezing or straining 
aggravates the leg pain which is usually more severe than 
any associated backache. If compression causes severe root 
damage the Ieg pain may disappear as neurological signs- 
develop. 
Paraesthesia: Numbness or tingling occurs in the 
distribution of the affected root. 
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LUMBAR DISC PROLAPSE 

CLINICAL FEATURES (conrd) 
'MECHANICAL* SIGNS: Spinal movements are restricted, scoliosis is often present and is 
related to spasm of the ereaor spinae muscles, and the normal lumbar lordosis is Inst.  

Srrakhr l g  raising: L5 and S1 root 
compression causes limi~ation to less than 
60 ' from the horizontal and produces 
pain down the back of the leg. 
Dorsiflexion of the foot while the leg is 
elevated aggravates the pain. Elevation of 
the 'good' leg may produce pain in the 
other leg. 

(If in doubt about the veracity of a restricted straight leg raising deficit, sit the patient up 
on the examination couch with the legs straight. This is equivalent to 90" straight leg 
raising.) - 
Reverse leg raising (femoral stretch) 
Tes t s  for irritation of 
higher nerve roots 
(L4 and above) 

NEUROLOGICAL DEFICIT: Depends on the predominant root involved: 

L4 -Quadrjceps wasting and weakness; sensory impairment over 
medial calf; impaired knee jerk. 

L5 -Wasting and weakness of dorsiflexors of foot, extensor 
'r d i g i t o m  longus and extensor hallucis longus; wasting of 

51 extensor digitorum brevis; sensory impairment over lateral 
calf and dorsum of foot. 

' *  4 S1 -Wasting impairment and over weakness lateral of aspect planrar of flexors; foot and sensory sole; impaired 

ankle jerk. 
Root a i ~ n s  cannot reliablj, Iocalise the level of disc protrusion due ro oariability of rhe 
ana tornical distribution. 

Central disc protrusion 
Symptoms and signs of central disc protrusion ate usually 
bilateral, although one side is often worse than the other. 

Leg pain: Extends bilaterally down the back of the thighs. 
Pain may disappear with thc onset of paralysis. 

Puraesthesia: Occurs in the same distribution. \ I \  I 
Sphincter paralysis: Loss of bladder and urethral sensation 
with intermittent or complete retention of urine occurs in 
most patients. Anal sensation is usually impaired and 
accompanies constipation. M U  
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LUMBAR DISC PROLAPSE 

Central disc protrusion (conra 
Severe pain associated with lateral disc protrusion may inhibit micturition. In this instance, 
strong analgesia should allow normal micturition; the presence of normal perineal sensation 
excludes root compression as the cause of the retention. 

Sensory loss: Extends over all or part of the sacral area 
('saddle' anaesthesia) and confirms a neurogenic cause for the 
sphincter disturbance. 

Moror loss: Usually presents as foot drop with complete loss 
of power in the dorsiflexors and plantarflexors of both feet. 

/ \ ) Reflex losa: The ankle jerks are usually absenr on each side 

INVESTIGATION 
Straight X-ray of lumbosacral spine is of limited benefit in the investigation of lumbar 
disc disease - it may show loss of a disc space or an associated spondylolisthesis (see p. 396). 
Straight X-rays are important in excludin~ orher 
patholo~y such as metastatic carcinoma. 

CT scanning of lowest three spaces will detect a 
disc prarrusion and demonstrate the extent of root -- 
compression. CT scanning also clearly shows A A* 

hypertrophy of the facet joints and the diameter 
of the spinaI canal (see page 392). 

P! 
NB A patient with characteristic "roof' pain in 
whom CT scanning is negative req~lires an MRI to 
exclude a lesion involving the conla medullaris. 

MRI is now the TI weighted 

investigation of first Sagirtal MR. 

choice. Sagittal views 
combined with axial views ? - 

* -._ 
at the appropriate level 
will demonstrate disc 
disease and exclude a I;, P4- 

I '  

lesion at the conus. 

RadicuIography shows a filling defect in the thecs obliterating or displacing the nerve 
root sleeve at the disc level. A CT radimlogram may demonstrate nerve root dispIacement 

394 more clearly than MRI 
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LUMBAR DISC PROLAPSE 

Management 
(a) Lateral disc protrusion 
CONSERVATIVE: Most bouts OF leg pain settle spontaneously by taking simple measures: 
- Analresics 
- Avoiding heavy lg t in~  and berzdin~. Picking up objects from the floor should be performed 

by bending the knees and keeping the back straight 
- Using an nrrhnpaedic mattress or hard board under the mattress 
- A plaster j ~ c k e r  or spinal brace helps some patients 
- Bed resr, but onlv if pain prevents any movement 
- Truction may help, but pain can return when traction is removed. 

TNDICATIONS FOR OPERATION 

- Severe unremitt in~ leg pain despite 
conservative measures. 

- Recurrenr attacks of leg pain, especially when Root retractor 

causing repeated time loss from work. 
- The development of a neurolo~ical deficit. 

~ C F T N I Q U B :  Fenestration uaunlly provides 
good access. Rctracuon of thc root and durd 
sac exposcs the disc protrusion and allows 
removal with rongeurs. Any protuberance 
fmm the facet joint causing rnor pressure or 
narrowing o f  rhe root canal is a140 removed. Facet 
'Microdiscectomy' with an operating joint 
microscopt. allows disc rcrnoval through a 
smalIer skin and muscle ~ncision and map 
reduce the period o f  hospital care. 

Ligamenturn flavum 

RESULTS: Over 80°h of patients obtain good results after operation. The remainder may 
have recurrent problems due to a further disc protrusion at the same or another levef. ROOT 
damage occurs in < l YO 

After disc operation, patients are advised to avoid heavy Iifting, preferably for an 
indefinite period, Persistance in a heavy manual job may lead to further trouble. 
In gcneral, patients with clear-cut indications for operation do well, whereas those with 

dubious clinical or radiographic signs tend to have a high incidence of recurrent probtems. 

{b) Central disc protrusion 
In contrast to lateral disc protrusion, cnmpr~ssion of rhe cads eqzcina from a central disc 
constitutes a neurostir~icul emerEency. Delay in root decompression results in a reduced 
chance of motor and .sphincter recovery. 

Large disc protrusions may require a one or two level Iaminectomy rather than a 
fenestration, to minimise the risk of further root damage. 

Motor, sensory and sphincter function should graduatly recover over a two year period 
but results are often disappointing. Although most regain bIadder control, few have 
completely normal function and in many, scxual difficulties persist. 395 
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LUMBAR SPINAL STENOSllS 

Congenital narrowing of rhe lumbar spinal 
canal, or secondary narrowing due to 
hypertrophic facet joints, map predispose 
to root compression from a herniated disc, 
but in addition may produce 'neurogenic 
claudication'. Symptoms o f  root pain, 
paraesthesia or weakness develop after 
standing or walking and may be relieved 
by sitting, bending over or lying down. 
Straight leg raising is seldom impaired, in 
contrast to patients with disc protrusion. 
Objective neurological findings may only 
appear after exercise. In  some patients this 
condition only affects one side - the 
'unilateral facet syndrome'. 

Stenotic lumb Plain X-rays may show thickened joints, 
but CT scanning, MRT or radiculography 
is required ro establish the diagnosis. 
Treatment: A wide lamineaorny with 
root decompression usually produces good 
results with complete rclief of symptoms. 

appearance 

SPONDYLOLISTHESFS 
Spondylolisthesis is a forward 

shift of one vertebral body on 
another. Slip occurs due to 
degenerative disease of the facet 
joints (commonly a t  -- - - 

L41L5) or to a 
developmental break or elongation 

-- of the L5 lamina causing an 1,5/S1 
spondylelisthesis. 

Spondylolisthesis is often 
symptomlcss but the resulrant 
narrowing in canal width may 
accentuate symptoms of root 
compression from disc protrusion 
or joint hypertrophy. 

Treatment: usuaIly conservative, but if signs of root compression arc present, then 
decompression of the root canal is necessary. Occasionally fusion is required, especially if 

396 back pain predominates. 
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THORACIC DISC PROLAPSE 

This occurs rarely (0.2% of all disc lesions) due to the relative rigidity of the thoracic 
spine. 

PRESENTATION 
- Root pain and/or 
- Progressive or fluctuating paraparesis (may lead to mistaken diagnosis). 

As vascular involvement may produce damage above the level of compression, sensory 
findings may be misleading. 

WESTIGATTON 
A combination of sagittal and axiaI views 
on either MRI or CT myelngraphy should 
clearly demonstrate the disc herniation 
and the extent of the associated cord 
compression. 

MANAGEMENT 
Root pain - may settle with bed rest. 

In the presence of cord compression or unremitting 
root pain, either a posterolareral or an anrerior 

Sagittal reconstruction of 
CT scan at TI 1/12 level 
showing cord compression 
from a large disc protrusion. 

transthoracic approach is used to remove the disc. 
(A posterior approach - latninectomy - carries an 
unacceptably high risk of paraplegia.) 

Pesteralateral 
(costotransversectomy) 

Bath approaches involve removal of the head of the rib. 
The vertebra1 body adjacent to the disc space is drilled 
away permining clearance of herniated dlsc material. 

/ 
0 

# 

tf 
Anterior 

transthoracic 
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The mobile cervical spine is particularly subject ro osteoarthritic change and this occurs in 
more than half the population over 50 years of age; of these approximately 20% develop 
symptoms. Relatively few require operative treatment. 

PATHOGENESIS Disc degeneration Osteophytic Congen i tal 
and collapse outgrowths, \ 

I 

Annulus Apophyseal 
protrusion joint damage 

f Instability 
-Joint hypertrophy 

ffavum 
Thickened ligamenturn 

Disc/osteophytic protrusion may: 
Compress the 

. spinal cord . . . 

. . . andlor the adjacent 
MYELOPATHY nerve soots -- - 

RADICULOPATHY 

Resultant damage to the spinal cord may arise from direct pressure or may follow 
vascuIar impairment. T h c  onset is usually gradual. Trauma may or may not predispose to 
the dcveIopment of symptoms. 

CLINICAL FEATURES 
RadicuIopathy 
Pain: A sharp stabbing pain, worse on coughing, 
may be superimposed on a more constant #-- 

deep ache radiating over the shoulders 
and down the arm. 
Paraesthe.ria: Numbness or tingling 
follows a nerve root distribution. - 

Root signs: 
- Sensory loss, i.e. pin prick deficit in the C7 

appropriate dermatomal distribution. 
- Muscle (1.m.n.) weakness and wasting in appropriate muscle groups, e.g. C5, C6 . . . 

biceps, deItoid: C7 . . . rsiceps. 
- Reflex impaitment/loss, e.g. C5, 6 . . . biceps, supinator jerk: C7 . . . triceps jerk. 
- Trophic change: In long-standing root compression, skin becomes dry, scaly, inelastic, 

blue and cold. 
398 
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CERVICAL SPQN DYLOSlS 

CLINICAL FEATURES (coar4 
Myelopathy Arms: 1 .rn.n, signs and symptoms, as above, at 

~~~~~~~~i~~ causes the level of the lesion 

segmental damage andlor 
at the involved u.rn.n. signs and symptoms below the level of 
,'' level the lesion 

biceps wealmess, wasting: I' 
diminished biceps jerk: 
increased finger jerks. 

L e p :  u.m.n, signs and symptoms, i.e. difficulty 
and in walking due to stiffness; 'pyramidal' 

I weakness, increased tone, clonus and extensor 
plantar responses; sensory symptoms and signs 

long tract signs are variable and less prominent. 
below level Sphincter disturbance is seldom a prominent 

early feature. 
N.B. Involved segments may extend above or below thc lcvci of comprexsinn if the vascular supply i s  dso 
impaired. 

INVESTIGATION 
Plain X-ray of cervical spine 
Look for: 

- congenital narrowing of canal, loss of lordosis. 
- disc space narrowing and osteophyte protrusion (foramina1 

encroachment is best seen in oblique views). 
- subluxation. Flexion/extension views may be required. 

MRI: sincc non-invasive, now the invcstigation of firsr choice. 
Sog~ttal views clearly demonstrate anterior cord cornpresston at 
the levci of rhe disc space (best vicwed on TI weighted imager; TZ 
weighting may exaggerare the dcgrcc of cord compression. The  hypmntmsity 
sccn within the cord on T2 wcighring at  

the level of compressinn uqually hears no 
clinical relevance). Axial views arc lcss a C5/6 spondylatic bar 
easy to interpret, but wilI confirm cord 
compression snd formirial narrowing. 

Myelog~aphy, particularly when combined with CT scanning, 
shows in detail h e  degree nf spinal cord and ncrve roor 
compression lrom osteophytic outgrowth. 

MANAGEMENT 
Conservative 
- Analgesics Symptoms of radiculopathy, whether acute or chronic, usually 
- Cervical collar respond to these conservative measures plus reassurance. Progression 
- Traction of a disabling neurological deficit however demands surgical 

intervention. The clinician may adopt a conservative approach when 
a myelopathy is mild, but undue delay in operation may reduce the 
chance of recovery. 399 
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CERVICAL SPONDYLOSIS 

MANAGEMENT (con rd )  
Indications for operation 
1 .  Progressive neurological deficit - rnyelopathy or radiculopathy. 
2. Intractable pain, when this fails ro respond to conservative measures. This is rareIg the 

sole indication for operation and usually applies to acute disc protrusions (see below) 
rather than chronic radiculopathy. 

Operative techniques 
I .  Anterior decompression and fusion , Bone and disc drilled away, 

A core of bone and disc 
is drilled out allowing Osteophytes removed with cwrettttes. 
removal of the 
osteophyuc projection. 
Although not essential, 

__,*- Bone gtaft 
most combine this wish fuses bodies 
fusion using a dowel 
from the iliac crest. 

Suitable for root or cord compression from an anterior protrusion at one level, although 
two and even three levels may be decompressed by this method. 

2. Posterior approach 

--- 
- -(a) I,arninecromy: a wide decompression, usually from CSC7, is 

carried out. Only suitable for multilevel cord compression 

r It: *I - . especially when superimposed on a congenitally narrow '. 
b ', \ spinal canal. -, 

(b) Fnraminotomy: the nerve root at one or more levels may be 
decompressed by drilling away overlying bone. 

Results 
Operarive results vary widely in different series and probably depend on patient selection. 1 
Some improvement occurs in 5040% of patients. Operation should be aimed at 
preventing progression rather than curing all symptoms. 

62 weighted axial MRI 
CERVICAL DISC PROLAPSE showing disc protrusion 

In contrast to cervical spondylosis, cervical 'soft disc" (note poorer definition 

protrusion is uncommon. This tends to occur acutely in than CTlrnyelograrn) 

younger patients and may be related to a spccific incident 
such as P sudden twist or injury to the neck. The protrusion , 
usually occurs postcrolaterally at the C51C6 or C61C3 level I I 

causing a radiculopathy rather than a rnyclopathy. 
SAGITTAL T1 weighted M R I  or CT scan with intrethecal 

I 

contrast clearly outline the disc protrusion. 
Operative removal through an anterior approach may be 

400 required for intractable pain or neurological deficit and gives goud rcsults. 
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SPINAL TRAUMA 

Approximately 2 per 100 000 of the population per year sustain a spinal injury. Of these, 
50% involve the cervical region. 

At impact, spinal cord damage may or may not accompany the bony or ligamentoras 
damage. After impact, stability at the level of injury plays a crucial part in further 
managernept. Injudicious movement of a patient with an unstable lesion may precipitate 
spinal cord injury or aggravate any pre-existing damage. 

MECHANISMS OF mJURY 
The mechanism of injury helps determine the degree of ~tability: 

STABLE UNSTABLE 

HINGE SHEARING 

COMPRESSION mmy 
e.g. object falling e.g. weight falling e.g, fall from a height 
on to head or on back or blow or road traffic accident. 
jumping from a height. \ to 

the forehead. 

Ligaments 
J 

\Ligament 
intact disruption 

(interspinous) 
L 

Anterior 
wedge # 
(usually .- 
lumbar 
spine) 

fracture 

Often occurs in 
association with 
a rotational force. 

In cervical spine where the 
Hyperextension apophyseal joints lie almost 
injury - rupture of horizontally, dislocation 
anterior longitudinal --f (Usually may occur without a 
ligament (stable in IF&-8,,. - ~ 2 1  s >  3 cervical 

fracture. At other sites 
fkxiod spine) fractuse!dislocation is 

aIways present. 
Initial assessment 
The pns.ribility of spinal i n j u y  mmt be considered at t h e  scene of the accident and all 
movements and transportation of the patient undertaken with extreme caution especially 
when comatose, Most spinal injuries occur in conscious patients who complain of pain, 
numbness or diffcttlty with limb movements. 

Examination may reveal tende~.ness over she spinous processes, paraspinal swelling or a Rap 
between the spinous processes, indicating rupture of an interspinous ligament. 
Neuro~enic  paradoxica/ ventiZarion (indrawing of the chest on inspiration due to absent 
intercostal function) may occur with cervical cord damage. 
Bilateral absence of limb reflexes in flaccid limbs, unresponsive fo painful stimuli, indicates 
spinal cord damage (unless death is imminent from scvere head injury.) 
Painless urinary retention or priapism may also occur. 
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SPllNAL TRAUMA - INVESTIGATIONS 

STRAIGHT X-RAYS - note any malalignment of the anterior or 
LATERAL Y E W  

posterior margins of the vertebral body or 
In t h e  cervical spine: of the lamina, i.e. subluxation. - note evidence of 
soft tissue swell in^ 
between the pharynx - note any undue widening of the interspinous 
and the vertebrae. - dis t~nce  or of the disc space. 

- ensure CB and C7 - note dama~e  to the 

are included in the film. verrebrel body, apophyseal 

I f  not, repeat with gent1 s, lamina o r  spinous process, e.g. 

downward arm traction, nterior wedge collapse, 

or do a CT scan Tn the upper thoracic spine 
only Tomography may 

ArnRO-POSTERIOR VIEW 

- note the 

satisfactoriIy demonstrate 
the Iateral view. 

ANTERO-POSTERFOR 

alignment of 'OPEX MOUTH' VIEW 

the spinous 
processes and 
t h e  width of demonstrate a 

the apofllzyseal 
joints and look ,, 
for vertical , 
fracture lines. 

If doubt remains - 
take oatrcjm VIEWS 2 0  demonstrate 
the intervertebral foramina. 

CERVICAL 

SPINE 
In the LUMBAR spine look for 

Disruption of the the normal "carry dog' 

foramina1 outline appearance - if misshapen, 

suggests malalignment suggests a fracrureldislnmtion. 

If in doubt about cervical stability, take nExIoNlExTENsIoN VIEWS, but only with expert: 
supervision. 
CT scanning may aid identification of a fracture and show fragments extending into the 
spinal canal. CTlmyelography or MRI may provide additional information, but these 
investigations only help if operative decompression andlor stabilisation is considered. 
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SPINAL TRAUMA - MANAGEMENT 

Management depends on the site and stability of the lesion, bur basic principles apply. 
1 .  An unstable lesion risks further damage to the spinal cord and roots and requires either - 

- operarive fixorion or 
- immobilisation, e.g. skull traction, Halo or plaster jacket, 

2. There i s  no evidence that 'decompressing' the cord lesion (either anteriorly 
or posteriorly) improves the neurologica1 outcome, bur - 

3. If a patient with norma1 cord function or with an incomplete cord Iesion (i.e. with some 
residual function) progressively deteriorates, then operarive decompression is required. 

Many additional therapies and techniques (e.g. steroids, cord cooling, hyperbaric 
oxygen) are employed with thc aim of improving neurological outcome; only 
METHYISREDNISOLO~ ~ i v e n  within 8 hours of injury has been shown to produce benefit, but 
it is not known whether this significantIy improves functional outcome. 

Management of injury at specific sites 

O D O N T O ~  fracture -+ rigid immobilisation required ta avoid non-union, 
f (only mild spinal cord e.g. Halo. 

' injuries may survive) - if bony union is not achieved -, posterior 
# f  C1, C2 fusion. 

--L CERVICAL SPINE --' If cord damage + traction (tongs or calipers inserted into 
fracture \ sku!!) 

if cord intact + stable # (e.g. anterior wedge, -, cervical 

\ 'burst', hypertension) collar. 
unsrable # 4 operative fixation or - ' 12 weeks sku11 rracrion or Hal? 

- if instability persists, 
will require a late fusion. 

mOR*CIC - stable 
fracture \ anterior wedge # + normal activity after pain subsides. 

unsrable 
fracture/disIocation 4 no treatment other than for 
(severe force required) paraplegia. 

' d 
m o R A c o L u M B A R  -- anterior wedge + mobilise. 

%bursty -, mobilise 
fracture '. (plaster jacket may help pain.) 

operative reduction and fixation 
/(anterior or posterior, e.g. Hartshill rectangle) 

unstable # / 
- fracture dislocation* 

without paraplegia + plaster jacket. ,' 1 
(may require late fusion for 

conservative persistent pain or instabiliq.) 
f 

with - bed rest 
*Treatment seIection is controversiaI. 
Optimal management remains unknown. 

paraplegia (plaster jacket would 
cause pressure sores). 403 
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SPINAL TRAUMA - MANAGEMENT 

Management of the paraplegic patient 
After spinal cord injury, transfer to a spinal injury centre with medical and nursing staff 
skilled in the management of the paraplegic patient provides optimal daily care and 
rehabilitation. 

Important features include: 
1. Skin care - requires meticulous attention. Two-hourly turning shouId prevent pressure 

sores. Attempt to avoid contact with bony prominences or creases in the bed sheets. Air 
or water beds or a sheepskin may help. 

2, Urinary trlact - long-term catheter drainage or intermittent self-catheterisation is 
required. Infection requires prompt treatment. Eventually, training may permit 
automatic reflex function (in cord lesions) or micturition by abdominal compression (in 
root lesions). In some, urodynarnic studies may indicate possible benefit from bladder 
neck resection. 

3. Limbs - intensive physiotherapy helps prevent flexion contracmres (in cord injury) and 
plays an essentia1 rble in rehabilitation. 

OUTCOME FOLLOWING SPTNAL CORD OR ROOT I N m Y  

Patients with high cervical 
cord lcsions seldnr~l strrvive 
without immediate VERTEBRAL 

ventilatory support. 'x, 
LEVEL 

Patients who survive a 
lesion above C7 usually 
remain depcndenr on 
others for daily care. 

Sparing of the C7 segment 
retains elbow and wrist 
extension and enables 
transfer from wheel chair ,:' 
to bed, providing a 
degree of indeperrdence. ,' 

Patients with fioraco- - - , 
lumbar injuries usually : 
regain fwll independence. : 

I 

A MIXED cord and lumbar 
root lesion may occur at 
this leveI. Fortunately roots 
are more resistant to injury 
- 'roof escape' - and the 
outlook is more favourablc. 

404 

SPINAL 

- CORD 

DAMAGE 

'COMPLETE': if no sign of motor 
or sensory function within 24 
hours, then recovery will not 
occur. (The early return of anal 
and penile reflexes is not neces- 
sarily a good sign.) 

After a few days or weeks, tone 
returns to the flaccid limbs and 
reflexes become brisk. Flexor 
spasms may follow with the risk 
of contractures. A reflex bladder 
develops with automatic emptying. 

"INCOMPLETE': any retention of 
motor or sensory function 
indicates an incomplete lesion 
with the potential for recovery. 

ROOT Recovery may theoretically 
DAMAGE occur as the roots regenerate, 

perhaps onIy after many months 
delay. T h e  limbs remain flaccid 
throughout. 
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VASCULAR DISEASES OF THE SPINAL CORD 

Blood supply to t h e  spinal cord is complex; the Basilar arten 
main vessels are the anterior and posterior spina! 
arteries. 

The posterior spinal arrerie-es: - - - 
usually arise from the ?<. \' 
posterior inferior cerebellar k ' ~  ' '* 
arteries and form a plexus 

\IX 

on the posterior surface of I 

the spinal cord. .\,& 
The anterior spirea1 arrery: - - -. 1' .. - .. 
branches from each . 

= 

vertebral artery unite to 
form a single vessel lying in 
the median fissure of the 
spinal cord. 

Vertebral artery Both anterior and posterior spinal arteries run the length of the 
\ 
\ 
\ spinal cord and receive anastarnotic vessels. 

The  plexus of the posterior spinal artery is joined by 
approximately 12 unpaired radicular feeding arteries. This rich 
collateral circulation protects thc posterior part of the spinal cord 
from vascular disease. 

The anterior spinal artery has a much less efficient collateral 
', supply and is thus more vulnerable to the effects of vascular 
', disease. I t  i s  joined by 7-10 unpaired radicular branches, usually 

from the left side. 
\ 

'\ Cervical arteries arise from vertebral and subcIavian vessels, form 
plexuses and supply the cervical and upper thoracic cord. 

\ 

\ '\ 
I '  
\ \ Insercostal artery branches supply the midthoracic cord. 
\ 

1 

'Anterior  spinal artery is at its narrowest at T8. This level of the 

, spinal cord is liable to damage during hypertension - watershed 
'\ area. 

\ 
\ 

' \ ~ r t e r ~  o j  Adamkiewicz, thc largest radicular arrery, supplies the 
low thoracic and lumbar cord. It usually arises at T9-L2 level and 
is on the left side in 70% of the population- - 

'.Sacral arteries arise from the hypogastric artery and supply the 
sacral cord and cauda equina. 

Anterior radicular 
branches joining anterior spinal artery 
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VASCULAR DISEASES OF THE SPINAL CORD 

/ 
,# Posterio~ spinal artery territory 

I 
I - Posterior one-third of spinal cord. 

- Dorsal column. 

,, -- Virtually no anastarnotic communication. 

_, - hterior  spinal artery territory 
/- 

Penerratrnq brat~clres - anterior and part of posterior 
grey mattcr. 

Circumferentia( branches - anterior white matter. 
- Anterior two-thirds of spinaI cord. 

Posterior spinal 
afiery 

Posterior radicular Most radicular ves~cls  only supply the 
,/root. On average I2 posterior radicular 

branches and 8 anterior radicular branches 
ply the spinal cord. 

Atherosclerosis of spinal arreries is rare. 
When infarction occurs in the antcrior 
spinal artery territory i r  is oftm a 
consequence of disease in the ve~scIs of 
origin of thc segmenral arteries, 
i,e. atheroma or dissection of the aorta. 

t,' 

Rich anastornotic network occurs Seetion through spinal cord 
between each segmental artew through in thoracic region. 
the vertebral body and across the 

406 extradural space 
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VASCULAR DISEASES OF THE SPINAL CORD 

SPJNAL CORD INFARCTION 
Anterior spinal artery syndrome 

The level at which infarction occurs determines symptoms and signs. 
Characteristic features include: 
- Radicular pain at onset 
- Sudden paralquadraplegia 
- Flaccid limbs d"'"-- spastic 
- Areflexia d"'"hypcr-reflexia and extensor plantar responses 
- Sensory loss to pain and temperature up to the level of cord damage 
- Preserved vibration and joint position sensation (dorsal columns 

supplied by the posterior spinal arteries) 
- Urinary retention 
When only penetrating branches are involved, long tract damage may 
be selective and sensory loss may be minor. 
Spinal cord ischaemia due to aortic atheroma evolves slowly and 
preferentially affects anterior horn cells. 
A pure conus syndrome (pagc 380) occasionalIy occurs. 

Investigative approach 
- Exclude other causes of acute paralquadriplegia - cord compression. Guillain Barr6 

syndrome - by appropriate imaging or neurophysiology 
- Confirm spinal ischaemia by MRI (T2 weighted imaging showing hyperintense signal 

changes) 
- Explore possible sources of spinal ischaemia 

Small wexsel diseases 
diabetes - random or fasting blood glucose 
vasculitjs - see pages 261 -263 
neurosyphilis - CSF VDRL and Captia G 
endarteritis secondary to - CSF meningeal infection or granulomatous disease 

aortic ( l a r ~ e )  veLvsei diseases 
atheromatous - vascular risk factor e.g. cho1esterol 
embolic - echocardiography, blood cultures 
thrombotic - coagulation screen 
dissection/aneurysm - transoesophageal echo (TOE) angiography 
hypotension - ECG, cardiac enzymes 

Treatment is symptomatic and the outcome variable. 

Posterior spinal artery syndrome 
This is rare as white matter structures are less vulnrrable to ischaemia. The dorsal mlumns are damaged and 
ischaemia may extend Into h e  posterior horns. 
Clrnicalf features: - Lnss of tendon reflexesimotor wcakness 

- Loss of joint position sense. 

Venous infarction 
A rapid 'total' cord syndrome with poor outcome often associated with pelvic sepsis. 
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VASCULAR DISEASES OF THE SPINAL CORD 

SPINAL ARTERIOVENQUS MALFORMATION (Angiomatous malformation) 
Arterio-venous malformations (AVMs) are congenital abnormalities of blood vessels rather 
than neoplastic growths. Arteries communicating directly with veins bypass the capillary 
network which has failed to develop, creating a 'shunt'. The  AVM appears as a mass of 
convoluted dilated vessels. 

Site 

Cemica/: uncommon site (-  15%) 
Arises from the anterior spinal artery 
and usually lies within the cord 
substance (intrarneduIIary). -. _ _ 

Upper thoracic: (20%) 

Thoracolumbar: this is the commonest 
site ( - 65%). It may be extra- or 
or within both compartments. The main 
feeding vessels are often dural arteries of the 
spinal nerve roots (Dural fistula). 
Intramedullary lesions at this site are 
less common. 

Spinal AVMs may present clinically at any age in either sex, but duraI lesions arc most 
common in males between 40-70 yrs of age. 

Clinical features 
SUDDEN ONSET (1&15%) 
Due to - subarachnoid haernorrhage: headache, neck stiffness, back and leg pain 

- extradural haematoma 
- subdural haematoma signs of acute c ~ r d  damage. 
- intrarnedultary haematoma (haematomyelia) 

GRADUAL ONSET (85-90%) 
Probably due to t ueaords pressure 
but other factors may play a part: 
- venous thrombosis 
- 'steal' phenomenon 
- venous bulk 
- arachnoiditis (if previous bleed) 

Progressive deterioration of all spinal modalities 
simulating cord compression. Pain is common. 
With thoracolumbar lesions a mixed 

' u.m.n. j1.m.n. weakness in the legs is typical. 
Intramedullary AVMs may cause flumating 

signs and symptoms and may mimic intermittent 
claudication. 

A bruit may be heard overlying a spinal AVM and occasionaIIy midline cutaneous 
lesions - haemangiomas, naevi or angiolipomas - are found. (Note that cutaneous angiomas 
are not uncommon and do not necessarily imply an underlying lesion.) 



LOCALISED NEUROLOGICAL DISEASE AND ITS M A q A G E M E N T  R SPINAL CORD AND ROOTS 

I VASCULAR DISEASES OF THE SPINAL CORD 

Investigation 
MRI will demonstrate abnormal signal from the lesion or from draining veins. Myelography 
will also demonstrate ahnormal draining veins. Selective an~lography is required to delineate 
arterial feeders. 

Coronal MRI 
showing dilated 

---+&b draining veins L 
Corresponding 

1 ! I 
sagittal MRI 
showing lesion 

. .- at C516 level f 
!I 

\ :I 

Management 
Untreated, 50% of patients with gradual onset of symptoms would be unable to walk 
within 3 years. Treatment should prevent progression and may well improve a gait or 
bladder disturbance. Delay may result in irreversible cord damage. 

Techniques: Emholisation - may successfully abliterate dural AVMs, particularly 
when fed by one or two dural arteries 

- may aid subsequent operarive treatment 
- or may produce symptomatic improverncnt in inoperable 

lesions. 

Surgery - It is important to idenrify and divide the feeding vesser 
and excise the shunt. Total excision of all [he dilated veins 
is probably unnecessary and would increase the operative 
hazards. A decompressive Iaminectomv alone is of no 
benefit. Intramedullary AVMs andlor AVMs lying ventral 
to the cord cannot be exciscd. 

Spinal Epidural and Subdural Haematomas: These may presenr with a rapid onset of 
paraplegia. Epidural or less commonly, subdural hatmatoma may occur due to rupture of a 
spinal AVM, after minor trauma or lumbar puncture, or spontaneously in parients with a 
bleeding disorder, Iiver disease or on anticoagulant therapy. MRI (or myelogsaphy) clearly 
demonstrates the lesion. Urgent decompression is required after correcting any coagulation 
deficit, without waiting for spinaI angjography. Pathological examination of the haematoma 
may reveal angiomatous tissue; in other patients, there is no evident cause, 
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SPINAL DYSRAPHISM 

S P ~ A L  DYsRAFHISM: This term encompasses all defects (open or closed) associated with a 
failure of closure of the posterior neural arch. 

Embryology 
Neural fold Ectoderm L. 

. . - * a .  

3 weeks 

DeveIopmental errors may occur early in fetal life and Iead to a variety of spinal defects: 

defect may 

n 

MYELOMENMGOCELE 

The  spinal cord and roots 
protrude through the bony 
defect and lie within a 
cystic cavity, lined with 
meninges andlor skin. In 
most patients, the 
meningeal covering 
ruptures and the spinal 
cord and roots Ije exposed 
to the air - rnyelodysplasia. 
CSF may leak from the 
open lesion. 

MENINGOCELE 

Cystic CSF filled cavity - 
lined with meninges but 
devoid of neural tissue. T h e  
cavity communicates with 
the spinal canal through the 
bone defect (usually 
lumbosacral). Meningoceles 
occur far less frequently 
than myelomeningncele; 
they are rareIy associated 
with other congenital 
anomalies. 

Site: 80% occur in the IumbosacraI rcgion. 
Incidence: 211000 births in Britain, but there is a 
geographical variation (0.211000 in Japan). A familial incidence 
increases the risk (5% if a sibling is affected). This suggests a 
genetic factor, but teramgens, e.g, sodium valproate, 
also have a rolc. 

SPINA BTFKlA OCCULTA 

A bony deficit - prescnt in 
5-1 0% of the population 
and nor clinically 
significant. Those who aIso 
have a lumbosacral 
cutaneous abnormality 
however (tr& of hak ,  
dimple, sinus or 'porr wine' 
stain) have a high incidence 
of related underlying 
defects: 
- diastomatomyelia 
- lipnma 
- dermoid cyst. 
These defects may cause 
symptoms of pain or 
neurelogical impairment 
afrer many years. 

41 0 Associated abnormalities: Hydrocephalus, Chiari type I I ,  aqueduct forking. 
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SPINAL DYSRAPHISM 

Clinical assessment 
Myelornet~in~ocele: This lesion should be carefully examined for the presence of neural 
elements. Transillumination of the sac may help. Observation of movement in the limbs 
and in specific muscle groups, occurring spontaneously and in response to pain applied 
both above and below the level of the lesion, helps determine the degree and level of 
neurological damage. Also note the presence of a dilated bIadder and a patulous anal 
sphincter. Look for any associated congenital anomalies, e.g. hyd~ocephnlus, scoliosis, foot 
deformities. 
Menin~ocele:  Patients with this lesion seldom show any neurological deficit. 
Investigations 
Ultrasound or MRI may 
detect neural elements 
extending into the sac. 

MR1 showing a 
thoracic myelomeningocere 
with spinal cord extending 
through the deficit. 

Management 
Myelomeningocele: Advances in both orthogaedic and urological procedures have 

I considerably improved the long-term management of the associated disabilities in most 
patients, Active treatment, however, in patients with gross hydrocephalus, complete 
paraplegia and other multiple anomalies as well as the spinal $ysraphisrn, may merely 
prolong a painful existence. In these patients, many adopt a thoughtful conservative 
approach. 

Immediate treatment requires closure and replacement of thc neural tissues into the 
spinal canal to prevent infection. If necessary, this initial step provides more time to 
consider the wisdom of embarking on further active management. 
Menh~gocele: In the presence of a CSF leak, urgent excision is performed; otherwise this  is 
deferred, perhaps indefinitely if the lesion is small. 
Spina bifida occzclra: Treament may not be required, although patients with a cutaneous 
abnormality or with neurological signs, should undergo ultrasound or MRI to exclude an 
intraspinal anomaly. 

Antenatal diagnosis 
Screening the maternal serurn/amniotic fluid for alpha-fetoprotein and 
acetylcholinesterase, fetal ultrasonography and contrast enhanced amniography in high risk 
patients (e.g. with an affecred sibling) provides an effective method of detecting neural 
tube defects. This gives the parents the possibility of therapeutic abortion and in the long 
term may reduce the incidence of this condition. 

41 1 
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SPINAL DYSRAPHISM 

TETHERED CORD: in some patients the conus 
medullaris lies we11 below its normal level {Ll), 'terhcred' 
by the filum terminale. Since vertebral growth proceeds 
more rapidly than growth of the spinal cord, tethering may 
produce progressive back pain or neutologicaI impairment Low 

as the cord is stretched. conus 

DIASTOMRTOMYELM: A congenital splitting of part 
of the spinal cord by a bony, jibrofrs or cartz'laginozrs spur. Tight' 

This usuaIlg lies at the upper lumbar region and extends 
terminale directly across the spinal canal in an antero-posterior 

direction. The split cord does not always reunite distal to 
the spur (diplomyelia). R m '  

T I  weighted MRI 

Inae.rti~arion: MRI is the investigation of 
choice in spinal dysraphism, but straight 
X-ray may reveal associated congenital , Buttefly vertebra 
abnormalities: spina bifida occulta, fused I (congenital anomaly) 

or hernivertebrae. CT scanning may help 
demonstrate the presence of a bony spur. I Conus medullaris 

extending down to 
L4 due te tethering 

Management: Although some recommend prophylactic division of thc tethered filum 
terminale in the absence of neurological impairment, most reserve operative treatment for 
those who present with a neurological deficit, especially if there is evidence of progression, 
or prior to correction of any spinal deformity. In contrast, prophylactic removal of thc spur 
in patients with diastomatomyclia is usually performed, even in the absence of neurological 
irn~airment. 

LIPQMEWNGOCELE 
Lipomas may occur in associarion with spinal dvsmphism and range from purely 
intraspinal lesinns to vcry large masses extending s l o n ~  with ncural cisaues through thc 
bony dcfcct. 1911 are adherent to the conur and closrIy related to the lumhosacral roots, 
preventing complete rcrnoval and increasing opcrativc haxards. 

CONGENITAL DERMAL SMUS TRACTjDEItMOID CYST 
This mn~enital dcfccr result% fsum a failure of reparation of ncuronal from epithelial 
ectoderm and may occur with other midline fusion defects, e.g. diastomstomq-clia and a 
tcthcred cord. A tiny sinus In the lumbosacral region map represent the opening nf a , 
hlind cndlng duct or may cxcend into the spinal canal. Demoid cysts arise at anv point ' 
along the sinus, tract and oftcn lie adjacent to thc conus. 

Clinical presentation varim from repeated attackq of uncxpIaincd meningitis to neurological dcficics arising from 
the presence of an intraspinal mass. Treatment involves excision of d ~ e  whole traa and any associated cyst (after 

412 trcar~ng any meningitic inrecticln). 
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LOCALISED NEUROLOGICAL DISEASE AND ITS MANAGEMENT C PERIPHERAL NERVE AND MUSCLE 

THE POLYNEUROPATHIES - FUNCTIONAL ANATOMY 

T h e  function of the peripheral nervous system is to carry impulses to and from rhe centraI 
nervous system. These impulses regulate motor, sensory and autonomic activities. 

The peripheral nervous system is comprised of structures that lie outside the pial 
membrane of the brainstem and spinal cord and can be divided into cranial, spinal and 
autonomic components. 

Cell body 

STRUCTURE OF THE NERVE 
CELL AND AXON Node of Ranvier 

Myelin sheath 

Each axon represents an elongation of 
the nerve cell - this lying within the 
central nervous system, e.g. anterior horn Dendrites 
celI, or in an outlying ganglion, e.g, dorsal 
root ganglion. The cell body maintains thc 
viability of the axon, being the centre of all 
cellular metabolic activity, 

Many axons are surrounded by an insulation of myelin, which is enveloped b y  t hc  
Schwann cell membrane. MycIin is a protein-lipid complex. The membrane of the 
Schwann cell 'spiralshround the axon resulting in the forma~ion of a rnultilayertd myelin 
sheath. 

Nucleus -, 

Developing 
myelin sheath 

.-Schwann 
cell 

myelination 

All axons have a cellular sheath - Schwann celI - but not a11 axons are myelinated. 
Schwann cells with associated myelin are 250-1000 pm in length and separated from 

each other by the node of Ranvier. The axon is base at this node and, during conduction, 
impulses jump from one node to the next - saltatorj~ conduction. The rate of cnnduction in 
myelinated nerves i s  markedly increased in comparison with unmyelinated fibres. Myelin 
thus facilitates fast conduction. In  unmyelinated fibres conduction depends upon the 
diameter af the nerve fibre, this determining the rate of longitudinal current f ow. 
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LOCALISED NEUROLOGlCAL DISEASE AND ITS MANAGEMENT C PERIPHERAL NERVE AND MUSCLE 

THE POLYNEUROPATHIES - FUNCTIONAL ANATOMY 

I SPINAL PERIPHERAL NERVOUS SYSTEM Dorsal root Pial membrane 
Entry to and exit from the central 
nervous system is achieved by paired 
spinal nerve roots (30 in all). 

These dorsal and ventral roots lie in the 
spinal subarachnoid space and come 
together at the intervertebral 
foramen to form the spinal nerve. 

'I_ 

The dorsal root contains sensory fibres, 
arising from specialised sensory receptors horn 

in the periphery. Ventral root 

T h e  dorsal root ganglia are collections of sensory cell bodies with axons extending 
peripherally as well as a central process which passes into the spinal cord in the region of 
the posterior horn of grey matter and makes appropriate central connections. 

Sensation can be divided into: 
- Pain and remperature 
- Simple rouch 
- Discriminatary sensation - ptoprioception, vibration. 

These different forms of sensation are carried from the periphery by axons with specific 
characteristics. The central connections and pathways vary also (see page 196). 

The anterior horns of the spinal cord contain cell bodies whose axons pass to the 
periphery to innervate skeletal muscle - the alpha motor neurons. Smaller cell bodies aIso 
project into the anterior root and innervate the intrafusal muscle fibres of muscle spindles 
- the gamma motor neurons. 

Each alpha motor neuron through its peripheral ramifications will innervate a number of 
muscle fibres. The number of fibres innervated from a single cell varies from less than 20 
in the eye muscles to marc &an 1000 in the large limb muscles (innervation ratio). The 
alpha motor neuron with its compIement of muscle fibres is termed the ?noror utzi~. 

Crass section of nerve 

PERIPHERAL NERVES - - Perineuriurn 

Peripheral nerves are composed of many axons bound 
together by connective tissue. A 'mixed' nerve contains -Endaneurium 

motor, sensory and autonomic axons. -- Epineuriurn 
The blood supply to these bundles is by means of small 

nutrient vessels within the epineurium - the vasa neworurn. * 
Bundles of axons 



LOCALlSED NEUROLOGICAL DISEASE AND ITS MANAGEMENT C PERIPHERAL NERVE AND MUSCLE 

THE POLYNEUROPATHIES - FUNCTIONAL ANATOMY 

PERIPHERAL NERVES (con14 
Nerve fibre type 
Axons wirhin the peripheral nerve vary structurally. This is related to function. Three 
distinct fibre types can be distinguished: 
TYPE A 2-20 p m  in diameter. 

Myelinated. 
Funcrion: Motor and sensory (vibration, proprioception). 

Conduction velocity: 10-70 rnetres(second. 
TYPE B 3 /irn diameter. 

Thinly myelinated. 
Function: Mainly preganglionic autonomic, some pain and temperature. 

Conduction velocity: 7-5 metres/second. 
TYPE c < 1 {rrn diameter 

Unrnyelinated. 
Funcriom: Sensory - pain and temperature. 

Conduction velocity: < 2 rnetreslsecond. 
The structure of the spinal peripheral nervous system has been considered but the- 

arrangement is also important. Spinal nerves, after emerging from the intervertebral 
foramen pass into the brachial plexus to supply the upper iimbs and rhe lumbosacral 
plexus to supply the lower limbs. 

The thoracic nerves supply skeletal muscles and subserve sensation of the thorax and 
abdomen. 

The Autonomic Nervous System is described on page 441. 

PATTERNS OF INJURY 
Damage may occur to: axon, myelin sheath, cell body, supporting connective tissue and 
nutrient blood supply to nerves. Three basic pathoIogica1 processes occur. 

WALLERZAN SEGMENTAL , DISTAL AXONAL 

DEGENERATION DEGENERATION 

Degeneration of axon distally 
following its interruption 

-
if
;;- 

\ 

Damage to the cell body or 
, 9 - k ~ ~ :  . . ~1%- 

to the axon wilt affect the 
' - ., .\-a -,\. >\ viability of the axon which 

h, will 'die backTxom the 
Distal to injury the axon 
disintegrates and the myclin myelin sheath occurs as a 

breaks up into globules. myelin sheath occurs secondary event. 
Approximation of nerve without axonab damage. Recovery is slow because 

ends result in regeneration. The primary lesion the axon must regenerate. 
The basement membrane of affects the Schwann cell. When the cell body is 
thc Schwnnn cell survivcs Prognosis for recovery is destroyed reinnervation of 
and acts as a skeleton along good because the muscle is muscle can only occur from 

416 which the axon regrows. not denervated. surrounding nerves. 



LDCALISED NEUROLOGICAL DISEASE AND ITS MANAGEMENT C PERIPHERAL NERVE AND MUSCLE 

THE POLYMEUROPATHIES - SYMPTOMS 

Sensory 
Ne~arive phenomena - loss of sensation. 
Disease of l a r ~ e  mj~elinated fibres prnduces loss of touch and joinr position perception. 
Patients complain of difficulty in discriminating textures. Thcir hands and feet feel like 
cotton wool. Gait is unsteady, especially when in darkness where vision cannot 
compensate for loss of joint position sensation Cprnprioception). 

Disease of small unmyelinared fibres produces loss of pain and temperature appreciation 
as a consequence of which painIess bumsltrauma result. Damage to joints without pain 
rt3suIts in a 'neuroparhic' joint (Charcnt's joint) in which traumatic deformity is totally 
painless. 

Positive phenomena 
Disease of large ~nyelinated fibres produces paraesthesia - a 'pins and needles' sensation 
with a peripheral distal distribution. 
Disease of swalI unmyelinared fibres produces painful positive phenomena: 

- Burning extremities 
- Dysacsthesia - when rouching is painful 
- Hyperalgesia - when threshold to pain appears lowered 
- Hyperpathia - when threshold to pain appears elevated but, once reached, the 

painful stimulus is excessively felt. 
Lightning pains rake the form of sudden, very severe shooting pains and are virtually 
pathognomonic for tabes dorsalis. 

Causalgia results from nerve trauma. A spontaneous burning sensation in the 
distribution of the injured nerve is associated with an increased sensitivity to painful 
stimulation. 

Motor 
The patient notices weakness: 

- Whcn dista1, e.g, difficulty in clearing the kerb when walking 
- When proximal, e.g. difficulty in cIimbing stairs or combing hair 
- Cramps may be troublesome 
- Twitching of muscles (fasciculation) may be felt. 



LOCALISED NEUROLOGICAL DISEASE AND ITS MANAGEMENT C PERIPHERAL NERVE AND MUSCLE 

THE POLYNEUROPATHIES - SIGNS 

SENSORY EXAMINATION 
All modalities are tested 
Light touch Funcrions of large 
Two point discrimination myelinated sensory 
Vibration sensation fibres. 
Joint position perception 
Temperature perception Functions of small unrnyelinated 
Pain perception. and thinly rnyelinated sensory fibres. n 

Initially the area of total sensory loss is def ned. The test object, e.g. a pin, 
should be moved from anaesthetic to normal area; it is more accurate to 
state when an object is felt rather than when it disappears. 

In polyncuropathies, sensory loss is symmetrical and follows a 
characteristic stocking and glove distribution. -_  

-7-- 

Examination of gait is important; with joint position impairment, '-, 
sensory ataxia is evident. Romberg's test is positive (see page 187). 
Neuropathic burns/ulcers or joints may be present. 

Trophic c h a n ~ s  
- CoId blue extremities. 
- Cutaneous hair loss. 
- Britrle finger/toe nails occasionally occur 

The AXON R E a E x  can be used to 'place' lesions in the sensory pathway. 
Normally: 

the skin is scratched - local vasoconstriction (white reaction) due to local 
next - local oedema (red reaction) 1 histamine release. 

and finally - surrounding vasodilatation or flare, dependent on antidrornic 
impulses from the dorsal root ganglion along an intact sensory neuron. 

Reflex 
vasodilatation 
(flare) 

\ 
\ 
\ 
\ 
\ 
\ 
\ 

1. 

2. 

distal sensory lesion wjll result 
in an absent flare response. 
proximal root lesion will not 

/' 
Scratch 

impair the response. 



LOCALISEQ NEUROLOGICAL DISEASE AND ITS MANAGEMENT C PERIPHERAL NERVE AND MUSCLE 

THE POLYNEUROPATHIES - SIGNS 

MOTOR EXAMINATION 

Muscle wa.rtin,p. Evident in axonal but absent in dernyelinating neuropathies. Oedema of 
immobile limbs may mask wasting. The 1st dorsal interosseus muscle in the upper limbs 
and extensor digitorurn brevis in the lower limbs are muscles that commonly first show 
wasting in the neuropathies, but examine all muscle groups. Look for fascicuiatiotzs - 
irregular twitches of groups of muscle fibres due to diseased anterior horn cells, these may 
be induced by exercise or muscle percussion. 

Muscle weakness. The degree of weakness is 'scored' using the MRC (Medical Research 
Council) scale. 

Smre 0 - No contraccion 
Score I - Flicker 
Score 2 - Active rnovement/gravity eliminated 
Score 3 - Active movement against gravity 
Scare 4 - Active movement against gravity and resistance 
Score 5 - Normal power 

Weakness is proportional to the number of affected motor neurones. It develops suddenly 
or slowly and is generally symmetrical, usually starting distally in the lower limbs and 
spreading to upper limbs in a similar manner before ascending into proximal muscle 
groups. This pattern of progression is supposedly due to the 'dying back' of axons towards 
their nerve cells - the longest being the most vulnerable. 
Some neuropathies, e.g. Guillain BarrC, chronic inflammatory demyelinating 
polyneuropathy, may affect proximal muscle groups first. 

In  severe neuropathies, truncal and respiratory muscle involvement occurs. Respiratory 
muscle weakness may result in death. 

Tendon reflexes 
The  tendon reflex depends on: 

- stretch of the muscle spindle (11, 
- activation of spindle afferent 

fibres (21, 
- monosynaptic projections to the 

alpha motoneumns (3) 
The gamma motoneuron fibres, 

projecting to the spindle (4) 'modulate' 
activity in the reflex loop. 

Reflexes commonly tested: 
Deltoid - C5,6 - Circwnflex nerve Triceps - C6,7,8 - Radial nerve 
Biceps - C5,b - Musculocutaneous nerve Knee - L2,3,4 - Femoral nerve 
Supinator - C6,7 - Radial nerve Ankle - s1,2 - Sciatic nerve 

The  tendon reflexes are lost when any component of the reflex response is affected by 
disease. Reflexes are lost early in peripheral neuropathies when power and muscle bulk 
appear normal. Distal reflexes are generally lost before proximal ones. 



LOCALISED NEUROLOGICAL DISEASE AND ITS MANAGEMENT C PERIPHERAL NERVE AND MUSCLE 

THE POLYNEUROPATHIES - CLASSIFICATION 

There are several approaches to classification: 
by MODE of ONSET - acute, subacute, chronic 
by FUNCTIONAL DISTURBANCE - motor, sensory, autonomic, mixed 
by PATHOLCIGICAL PROCESS - axonal, demyelinating 
by CAUSATION - e.g. infections; carcinomatous, diabetic, inflammatory, vascular 
by DISTRIsUTTON - e.g. symmetrical, asymmetrical; proximal, distal. 
ClinicaIly it is of most value to classify the neuropathies according to mode of onset. 
The following table is for reference. Certain neuroparhies will be dealt with separately 

(see pages 424-428). 

ACUTE CAUSE FUNCTIONAL ~~~STURSIANCE P A ~ O L O G Y  

A few Inflammatory - Predominantly motor Demyelimrive with 

days- (Postinfeaious Distal or proximal perivascular lvmphncyric 

4 weeks Guillain-BarrP) Autonum~c disturbance infiltrarian 

Diphtheria - Cranial nerve onsct Demyelinative. Nn 
Mixed rnntor!sensory inflammatory infiltration. 

Porphyria Motor (may begin in arm). Axonal 
Autonomic disturbance 
Minimal sensvrv loss. 

SUBACUTE 
Develop 
over 

Drug-induced 
Isoniazid Uqually mild sensory motor Axonal dcaeneration 
Metronidazole dicturbance 

weeks Da psone Daprone - purc motor involvement 

Nitrofurantoin 
Cisplatin 
Vincristine etc. 
Intramuscular Localised neurnpathies 

injeaion 
Environmental - OccasionaIIy acute 

toxins 
SoIvents Usually scnsory, motor 

Lead disturbance; sevcrity related to 

Acry Iamide dose 
Lead - severe, predominantly 

disu'phide motor with arms involved first 

Lead-monal 
degeneration with 
segmental dcmyelhation. 
Other heavy metals and 
solvents produce axonal 
degeneration 

Hexocarbons 
Organophosphates 
Nutritional Scnsory disturbance with Axonal degeneration 

I 3  eficicncy I3 'burning feet' and other painful with scpenral 
complex (includes dv"ast'hes'ac 

demycllnation. 
Motor component may be (Demyclinatinn is 

alcoholic present and severe minimal in alcoholic 
neuropathy) Autonnmrc disturbance is neurnpathq-) 

common but mild 
Substance abuse S c n s u t y ,  (facial numbness) motor Axonal degeneration 

Solvents 
Heroin 

disturbance 
Peripheral nervc Icvion and 
plexogathies 



LOCALtSED NEUROLOGICAL DISEASE AND ITS MANAGEMENT C PERIPHERAL NERVE AND MUSCLE 

THE POLYNEUROPATHIES - CLASSlFlCATlOlN 

CHRONIC CAUSE FUNCTIONAL 

DISTURRANCE 

Develop Malignant disease - Sensory or sensoi$motor 

over Carcinoma disturbance 

Lymphoma May predate recognition of months, 
ma1rgmncy by some years 

years 
Paraproteinaernias - Sensorylmornr disturbance 

e,g. Monoclonal 
gammopathies (lgG, 
lgA, h2.M) 

Connective tissue - In rhcumaroid arthriris 

disorders multiple rnonnneuropathv is 

Rheumatoid arthritis cnrnmnn 
Motorlsensory disturbance i s  

Systemic lupus 
rare 
Systemic lupus erythernarosis 

erythematosjs - mtld rnotorlsenrory 
disturbance 

Polyarteritis nodosa polyarrenris nodnsa usually 
ScIerodema produces rnultiplc 

rnononeuropathy 

Amyloid disease - Moror(scnsorp disturbance 

Primary, familial or with auronomic invnlvernenr 

secondary Also may develop 
'enrrapmenr' neuropathies 

Metabolic disorders - Uracmic ncuropathy 1s 

PATHOLOGY 

Axonal degeneration 

hnnal  or dcmyelinative 
degeneration 

Occlusion sf nutrient blood 
vessels to nerves (vssa 
nervorum) 

Thickened nerves wtth 
amploid dcposition as well as 
small fibre axonal 
degeneration 

Axonal degenerat~on 

Uraemia sensory!rnoror in rype. 

Hypothyrodism Aypothyro~dism produces 
mild sensorylmotnr 
dismrbance. 

Diabetes Diabehc neuropathy takes 
manv f a m s  

Chronic Scnaory, motor disturbance Dcmyelinar~on 

inflammatory 
demyelinating 
polyneuropathy (CIDP) 

Hereditary neuropathies 
Refsum's disease A phytanic acid storage S c h w m  cell hypcrplasia - 

disnrder. Onsct in first decade hypertrophic neuropathy 
and slnwly progressive. A 
severc sensorimotor 
ncuropathy with associated 
cerebellar ataxia, ichthyosis, 
pigmenrury rct~nal 
degeneration, deafness and 
cardiac ahnormaliries. Elevated 
serum phytanate 

Hereditary motor and See page 428 

sensory neuropathy (HMSN) 



LOCALISED NEUROLOGICAL DISEASE AND ITS MANAGEMENT C. PERIPHERAI. NERVE AND MUSCLE 

INVESTIGATION OF NEUROPATHV 

Despite extensive investigation, the cause of chronic ncuropathy cannot be identified in 
30% of such cases. 

The following conditions require exclusion before a chronic neuropathy is classified as 
idiopathic or of unknown aetiology: diabetes, uraemin, deficiency states, connective tissue 
disorders, paraproteinaemias, underlying malignancy, drugs and toxins. Hereditary disease 
can sometimes be excluded by clinical examination and genetic analysis of relatives. 

The cause of acute or subacute neuropathy can usuaIty be defined. Here, CSF 
examination may prove a useful diagnostic investigation, e.g. Guillain-Basri syndrome. 

SPECIAL INVESTIGATIONS 

1. Nerve conduction studies 
An electrical stimulus is applied at points along a nerve (21)- 
100 V for 0.05-0.1 ms) and the evoked muscle response 
recorded. By applying a stimulus at various points along a 
nerve and recording the latency between stimulus and rnuscIe 

Stim.7 responsc the motor conduction velocity of a particular nerve 
may bc measured. 

Stimulus 1 
Record hypothenar 

needle electrode) Stimulus 2 

u 
10 rns 

Disrancc between twn stimuli 
Conduction vcloc~ty = Difference in conduction [Erne between ;he two sires 

Motor conduction velocity can be measured in most motor peripheral nerves from the 
brachial plexus in the upper limbs and sciatic and femoral outlets in the lower limbs. 

These studies not only aid in the diagnosis of generalised ncuropathies but also in 
entrapments, e.g. ulnar nerve at elbow or median nerve at wrist (carpal tunnel syndrome). 
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- - 

INVESTIGATION OF N EUROPATHY 

S e n s o y  conduction can also be measured: 

The index finger is stimulated 
and rhe evoked sensory potential 
recorded at wrist and elbow. 
Measurements enable calculation 
to be made of the latencies and 
conduction velocity. Note the 
considerable difference in 
amplitude between sensory and 
motor evoked potentia2s. 

Distancr: between rwo recording sites 
Conduction = Difference in latency hetween the two e;bked responses. 

GENERAL OBSERVATIONS 

Amplitude of response - a function of the number of axons which 
respond to stimulation. 

Latency of response - a function of the speed a t  which the largest 
fibres in a nerve will conduct. 

Axonal degeneration -. reduced amplitride or absence of response to 
stimulation with mild slowing of conduction velocity. 

Demyelinative disorders -, marked slowing of conduction uelociry 
('30% ar leas[ reduced) wirh progressive redrtction of amplirude. 

I Localised compression of nerve + slowing of conduction in region of block, e.g. over the 
elbow when ulnar nerve is compressed at that site. Conduction block, distant from 

b entrapment sites may suggest multifocal motor neuropathy (see page 427). 

2 ,  Electromyography 

A fine nccdle is inserted into the muscle and the The concentric needle has 
recorded activity displayed on an oscilloscope. at its centre an insulated 

Electromyography is primarily of value in muscle 4- wire and potential differences 

disease but can also give indirect evidence of a 
between the centre and outer 
casing are measured 

neuropathic process. The presence of denervation 
in paraspinal muscles indicates proximal nerve k~' 
root disease. 

If chronic denervation has occurred, 
reinnervation may be present with long duration 

2 n - 4  Normal 
r- 

high amplitude motor unit potentials. 
I 

Long duration, high amplitude, 
Also, with voluntary efforts, poor recruitment of pelyphasia 

motor units is seen on the oscilloscope screen. 
3. N e w e  biopsy 
A biopsy is most likely to aid diagnosis in asymmetric multiple mononeuropathies 
(vasculitis, arnyloidosjs, sarcoidosis etc). The  suraI nerve is usually chosen, provided its 
sensory conduction is abnormal. 423 
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THE POLYNEUROBAGHIES - SPECIFIC TYPES 

ACUTE INFLAMMATORY POSTINFECTIOUS POLYNEUROPATHY 
(GUILLAIN-BARRE SYNDROME) 
Incidence: 2 per 100 000 popularion per year. Characteristically it occurs 1-3 weeks after a 
viral or other infection or irnmunisation. 
Aetiology~pathology 
T h e  condition may follow viral infection, e.g. varicella-zoster, mumps and 
cytomegalovirus. It is also associated with Mycoplastwa, Salmonella, Cumfiylobacter 
infections, immunjsations with bath live and dead vaccines, antitoxins, trauma, surgery 
and, rarely, malignant disease and immunodeficicncy. 

Both antibody and cell-mediated reactions to peripheral nerve myelin are involved. Some 
patients produce antibodies to myelin glycoproteins or gangliosides others develop a T cell- 
mediated assault on myelin basic protein. 

Segmental demyelination results with secondary axnnal damage if the process is severe. 
P~rivascular infiltration with lymphocytes occurs within periphera1 nerves and nerve roots. 
Lymphacyres and macrophages release cytoroxic substances (cytokines) which damage 
Schwann cell/myelin. 

Perivascular lymphocytic infiltrates - .Muscle normal\ 

I f  axon is damaged Myelin destruction Axon sparing , - -*. -E% .-? 0 - 
Nerve cell dies $: ,---%- *o-, 0 

-' 

_. 1.  

*- 
Muscle shows denemation atrophy y- 

When axon damage and nerve cell death occur, regeneration cannot take place. 
Clinical features 
Sensory symptoms predominate at the beginning with paraesthesia of the feet, then hands. 
Pain, especially back pain, is an occasional initial symptom. Weakness next develops - this 
may be generalised, proximal in distribution or commence distally and ascend. In severe 
cases, respiratory and bulbar involvement occurs. Weakness is maximal three weeks after 
the onset. Tracheostomy~ventilation is required in 20% of cases. Facial weakness is present 
to some extent in 50°/" of cases. PapiIloedema may occur when CSF protein is markedly 
elevated (blocked arachnoid villi?). Autonomic involvement - tachycardia, fluctuating blood 
pressure, retention of urine - develops in some cases. 
Sensory signs are uncommon. 
Investigations 
CSF protein is elevated in most patients but often not-until the second or third week of 
illness. Cells are usually absent but in 20% up  to 50 cells/mmJ may be found. 
Nerve canductio?~ studies 
When carried out early in the illness, these may bc normal. Findings of multifocaI 
demyelination soon develops with slowing of motor conduction, conduction black and 
prolonged distal motor latencies. 
Ancillary investigations 
Pcrfotrned ro identify any precipitating infection: c.g. viral studies. Electrolytes are checked 
for inappropriate secretion of antidiuretic hormone and immune complex 
glomerulonephritis. 
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THE POLYNEUROPATHIES - SPECIFIC TYPES 

A C W  INFLAMMATORY P O S m E C T I O U S  POLYNEUROPATHY (conrd) 
Diagnosis is bascd on clinical hisrory supported by CSF and neurophysiological investigation and exclusion of 
acute spinal cord disease, porphyria and myasthenia gtavis. 

Treatment 
Treamcnt is mainly supportive, with managcmmt of the paralysed patient and with elective ventilation for 
impending respiratory failure (PaCOz >6.5 kPa and Pa02 <8!d?a on oxygen). 

Tht effectiveness of specific immunosupprer~ive therapy - steroids and cymtoxic drugs - is disappointing. 
Repsrs  of success with plasmapheres~s have led ro rnultt-centre prospective studies. Thc msults are encouraging, 
showing significant improvement in the course of h e  illness. A recent srudy comparing plasmapheresis with 
intravenous immunoglohulinr (WIG) - O.4g(kg far 5 dayq has shown equal efficacy. These treatments should be 
referved for patients who cannot walk. 

Outcnme 
Morraliry - 2%. 
Of those progressing to respiratory failure, 20% are lefr severely disabled and 10% moderately disabled. In milder 
cases the outmme is exccllcnt. 
Recurrence - 3% 

I Variants of Gdllain-Bar& Pure sensory autonomic and regional (eg polyneuritis cranialis and brachial neuritis) 
vanants occur rarely as doec the Miller Fisher syndrome consirting of ophthalmoplegia, areflexia and ataxia 
without significant limb weakness. Scrum 1gG antihodier to a specific gangiioside are characteristic. 

I 
Similar to Guillain Rarri. but with a progressive nr fluctuating course over weeks or months and rarely involving 
cranial nerves or respiratory function. 
PnlhoIop: Segmental demyclination with remyelination (onion bulb formation) and sparse mononuclear 
inf lammato~ change. 
PrcvaIence - 3"/0 of all neuroparhiec 
lncidence - 5 per million 

I Age nf onset: mean 35 yrs (flumaring course - younger, pronesstve - older) 
D r q m s r s :  Electrophyaiology - conduction velocity < 70% of normal 

I 
- conduction block (outwith entrapment sites) 
- prolonged distal larencies 

Distinguish fmm - hereditary neuroparhy (HSMN tvpe 1 page 428) 
- parsprotein and lymphoma associated 

neuroparhy (page 427) 
- multifocal motor neuropathy with conduction 

block (page 427) 
- HIV ncuropathy (page 496) 

Treniment 

Ik-1 SEVERE 1 
nil steroids steroidslazathioprine + plasrnapheresis + cyclophosphamide 

ivig + cyclosporin a 

Olrrcome with rrearment - 30% symptom free - 45% mild disability - 25% severe disabilitv 



LQCALlSED NEVFOLOGlCAL DISEASE AND ITS MANAGEMENT C PERIPHERAL NERVE AND MUSCLE 

THE POLYNEUROPATHIES - SPECIFIC TYPES 

DIABETIC NEUROPATHY 
This condition is uncommon in childhood and increases with age. 

Peripheral nerve damage is related to poor control of diabetes. This is more common in 
insulin-dependent patients. Damage results from either metabolic disturbance with sorbitoi 
and fructose accumulation in axons and Schwann cells ar an occlusion of the nutrient 
vessels supplying nerves (vasa vasorum). The frequent occurrence of neuropathy with 
other vascular complications - retinopathy and nephropachy - suggests that t h c  latter is the 
more usual mechanism. Neurological complications correlate with levels of glycosylated 
haernoglobin AlC, an indicator of the long-term control of hyperglycaemia. 

Classification 

Asymmetrical neuropathy 

/ 

P 
Poly~icuropa thy 

Diabetic amyotrophy - 
Present in 30% of all diabetics, but Much less common than 
only 10% are symptomatic. Distal polyneuropatky. Pain and 
weakness and sensory loss is usual. weakness rapidly develop. The 
T w o  forms of sensory neuropathy - anterior thigh is preferentiaIly 
occur - large fibre, causing ataxia affected with wasting of the 
and small fibre causing a painful 

7 quadriceps, loss of the knee jerk 
anaesthesia. 

. and minimal sensory loss. T h e  / / /  condition root or plexus is due disease. to anterior Imaging spinal 

Azttownrnic neurupathy the lumbar roots and plexus 
In most patients with peripheral excrudes other causes. Functional 
neuropathy, some degree of autonomic recovery is good. 
disturbance is present. Occasionally 
this predominates: -. - 'A ,, --. 
- pupil abnormalities / 
- loss of sweating Cranial nerve palsy l'?? 4399 -- 
- orthostatic hypotension 
- resting tachycardia. An oculornotor palsy, usually without pain, 

ga!astroparesis and diarrhoea map occur with pupillary sparing, which helps 

- hypotonic dilated bladder to differentiate from an aneurysmal cause. The 6th and 

- impotence. 7th cranial nerves may also be involved in 
diabetes. Complete recovery is the rule. 

I 

Treatment 
Improved control of diabetes is essential. 

Carbamazepine, antidepressants or a-adrenergjc blockers, e.g. phenoxybenzene, help 
conttol pain. 

Drugs which reduce aldose reductase and halt accumulation of sorbitol and fructose in 
nerves are being evaluated. 

Management of autonomic neuropathy - see page 444. 
Asymmetrical neuropathies usually spontaneously recover, whereas prognosis for 

426 symmetric neuropathies is less certain. 



LOCALISED NEUROLOGICAL DISEASE AND ITS MANAGEMEXT C PERIPHERAL NERVE AND MUSCLE 

THE POLYNEUROPATHIES - SPECIFIC TYPES 

CARCINOMATOUS POCYNEUROPATHY 
Sensory or mixed 'sensvrimutor' n~uropathy IS often associated with malisant disease, panicularly small cell 
carcinoma of the lune. Ncuropathy may also occur w ~ t h  Hodgkin's diseasc and lymphomas. T h e  neuropathy is 
chasacterised hy the prcscnce of antibodies (anti Hu) that  are detected in serum. Such antibodies not only 
recognise anrigen in rumours bur a130 bind to peripheral nervuus system ncurones. 

Pathology 
The scnsnry type i~ charactcriscd by degeneration and inflammator?: changes in the dorsal s o o t  ganglion. The 
ventral ronrs and peripheral nerve momr fibrcs are spared. In the acnsorimotor we, degeneration of the dorsal 
root ganglion i.: 1css marked and axonal and dcmyclinarive changes affect motor and sensory fibrcs equally. 

Clinicel features 
Symptoms and signs may predate the appearance of causal malignant dixease by monrhs or even years. 
Sensor-y nevrgnrhv:  Progressive sensory Inss often commencing in upper limbs i~ assonared with paraesthesia, 

mplea~ant 'burning' dy saesthesia and sensory ataxia. 
Sensor~mntor ncrtroparl1-v: The onvct is gradual with d~sta l  scnsory loss and mild motor weakness. Occasiunally a 
more acute, scverc neuropathv resmbling GuilEain-Barrk syndrome occurs. 
Detection and trcament of  rhc underlying malignancy may lead ro recovery of the neumpathy. Alternatively the 
use of immunosuppresive agents, plasma exchange or intravenous parnmsglobulin (WIG) may help. 

MULTIFOCAL MOTOR NEWROPATHY WITH CONDUCTION BLOCK 
This presents with asymmetric lower motor neuronc weakness and may k mistaken for motor neurone diaease. 
Neurophysiological investigation shows 'condubion block' at sites dis~ant from possible entrapment. Anribodic6 to 
gangliosides (Anti GMl l are found in serum. lrnmunosupprcssive treatment (cyclophosphamide) nr intravenous 
~rnmunoglnbulin (IVIG) when indicated, result in clinical improvement. 

N E U R D P A T H E S  ASSOCIATED WITH PARAPROTEMS 
Approximately 10"4 of parients with chronic per~pheral neuropathy have a circulating monoclonal parapmcein in 
the serum. I f  myeloma, kymphoma, amyloidosi~ and Waldcnstrdm's macroglabinaern~a arc excluded, the condition 
is referred to as a ~ o n o c l o n a l  gammopnthy of uncertain significance' (MGUS). IgM is reacrive against myclin 
asaociatd glycoproteln. IgA and IgB arc not. Neuropathies may brr axonal, demyelinating or mixed and show a 
variable response to immunotherapy. 

PORPHYRIA 
Acute inrcrrn~mnt porphyria i s  nn autosomal dominant disordcr in which synproms of abdominal pain, psychosis, 
convulrions and peripheral neumpathy occur. 

The metabolic faulr occurs in the liver. An lnaeascd production of porphobilinogen is reflected by its increased 
urinary excrenon. S-amino lacvulic acid, a porphyrin precursor, is also increased. 

Clinical feature% 
The onset is acutrr and predominantly motor with upper limb and occasional cranial ncrve involvement. 
Respiratory failure occurq in qevcrc cases. Autonomic involvcrnent with rachvcardia, blood pressure chanacs, 
abdominal pain and vomiting often dcvelop. The nwropathy must be distinguished from Guilloin-Bani.. 

Clinics1 course is varrable. Sponranmus recovery occur4 over several wceks. Respiratory failure wiIl require 
ventilation and carries a poor pragnnsiq. During an arrack, a high carbohydrate diet and prcvcntion and rreament 
of ~lectrolyte disrurbances are esstntial. Chelzting agents (EDTA or Penicillamine) are used in severe cases. 
Recurrent attacks may be anticipated. Certain drugs may precipitate these artacks md must he avoided, e.g. 
sulphonarnides, barhiturstes, phcnytoin, grismfulvin. 



LOCALISED NEUROLOGICAL DISEASE AND ITS MANAGEMENT C. PERIPHERAL NERVE AND MUSCLE 

THE POLYNEUROPATHIES - SPECIFIC TYPES - INHERITED 
NEUROPATHIES 

HEREDITARY MOTOR SENSORY NEUROPATHY (HMSN) (Charcot - Marie - Tooth) 
A heterogeneous group of disorders with e prevalence of 1:2500 - the largest category o i  genetic neurologicaE 
disease. The characteristic appearance is that of distal mating. T h e  lowtr limbs having an 'invcrtcd wine horde' 
appearance. 

C l d c u d o n  CIInIcal 
features 

HJUSN Agc of onset < 30 ym. 
type I Wasting and weakners of 

intrinsic font muscles, 
peroneal and tibia1 groups. 
Disral upper limb 
involvement. Pes cavusl 
hammer toes - 75%. 
Palpable peripheral 
nerves - 25%. 
Associated araxia and 
tremor - 10%. 

HMSN Age of onset > 30 yrs. 

Pathology Neuso- 
physiology 

Dcmy clination Mntor 

with thickened cnnducrion 
'onion bulh' velocities slowed 
areas of < 38 m/sec in 
remyelination. common 

pemneal nerve. 

Axonal loss. Motor 

Inheritance I 
Antosomai 
domrnnnr 
duplication or 
point mutation 
chromasamc l 
or chromornme 
17 or X bnked - 
Point mutation 
proximal long 
a rm of X 
chromosome. 

A?troromal 
WPe 11 Wasting and wcakness as conducuon domittant - 

tvpe I.  Foot dciomities 
absent. Peripheral 

velocities normal mechanism and 
or mar~na l ly  gene locus 

nervps not palpable. slowed. unknown. 

HMSN type Age of onset: childhood. Demyelination Motor A~rrosomal 
It1  meienne Wasting and weakness may with 'onion canductron recemtve - point 
- Somas Ix proximal. Peripheral bulb' formation. velocities mutation 
disease) nerves and spinal mots 

thickened. CSF 
protein elevated. 

profoundly chromosome I 
slowed - 5-10 or 17 or sporadic 
mlsec. 

Complex forms of EiMSN occur. Several pedigrees show additional features such as - optic amphy, rcrinoparhy, 
dearness, ataxia, spasticity and cardiomgopathy. Such 'em' featurcs mmplicatc a simple classification. Treamenr 
is sympromatic with provision of appropriate footwear, splints or orthopaedic procedures to maintain mobility. Tn 
adult onset disease, the rate of progrcss~on is exceedingiy down The demonstration of p~netic markers and the 
application of nerve conduction studics allows early and correct diagnosis in those at risk. Ncrvc biopsy is of no 
diagnostic value. 

Other rare forms of hereditary neuropathy 
- Hered~rary sensory and autonomic neuropathies - Autosomal recessive 

Childhood onaet 
Charamcrised by insensirivirp to pain 
and disordered sweating 

- Hereditary liability t n  prerrura palsies - Autosomal dominant 
Adult onset 
Characterised by rccurrcnt entrapment neuropathfef 
e.g. carpal tunnel syndrome 

- Heredirary neuroparhjl with spinacartbei!ar 
de,pnerarron - e.g. Friedrich's atax~a {paces .T32-5.?.?) 

- Heredirary neUr0p5thy &rh meraholic dtfecr - e.g. Familial arnyloid neuropathy - mutation of 
transthyretin gene 
Porphyria - abnormality of hepatic h a m  
biosynthesis 
Refsums disease - abnormality of phymnic acid 



LOCALISED NEUROLOGICAL DISEASE AND ITS MANAGEMENT C.  PERIPHERAL NERVE AND MUSCLE 

PLEXUS SYNDROMES AND MONONEWROPATHIES 

Disease of a single peripheral or cranial nerve is termed mononeuropathy. When many 
single nerves are damaged one by one, this is described as rnononeuviris multiplex. Damage 
to the brachial or Iumbosacral plexus may produce widespread limb weakness which does 
not confotm to rhe distribution of any one peripheral nerve. A knowledge of the anatomy 
and rnvscte innervation of the plexuses and peripheral nerves is essential to localise the site 
of the lesion and thus deduce the possible causes. 

Certain sysremic illnesses are associated with the development of mononeuropathy or 
mononeuritis multiplex: 

- diabetes mellitus 
- sarcoidosis 
- rheumatoid arthritis 
- polyarteritis nodosa. 

Entrapment mononeuropathies result from damage to a nerve where it passes through a tight 
space such as the median nerve under the flexor retinaculum of the wrist. These are often 
related to conditions such as acromegaly, myxoedema and pregnancy, in which soft tissue 
swelling occurs. A familial tendency to entrapment neuropathy has been described. 

Cranial nerve mononeuropathies have been dealt with separately. 

BRACHIAL PLEXUS 
The plexus lies in the posterior triangle 
of the ncck between she muscles scalenius anterior 
and scalenius medius. 

At the root of t h e  neck 
the plexus lies behind 
the clavicle. 

The  plexus itself gives 
off several important 
motor branches: 
1. Nerve to rhomboids 
2. Long thoracic nerve 

- to serratus ant. 
3. Pectoral nerves 

- to pectoralis major 
4. Suprascapular nerve 

- to supraspinatus 
and infraspinatus 

1. N, to rhomboids f f  

Median 

Ulnar N. 



LOCALISED NEUROLOGICAL DISEASE AND ITS MANAGEMENT C PERlPHERAL NERVE AND MUSCLE 

BRACHIAL PLEXUS SYNDROMES 

UPPER PLEXUS LESION (C5C6) 
Traction on the arm at birth (Erb-Duchenne paralysis) or falling 
on the shoulder may damage tbe upper part (C5C6) of the plexus. 

Deltoid 

Biceps 
elbow flexors - also paralyscd. Brachialis 

Adductors ofshou~der - rni1dIy affected. 
When damage to C5C6 is more proximal, nerve to rhomboids and Iong thoracic nerve 

may be affected. 

POSTERIOR CORD LESION (CSChC7CA) 
Deltoid 
Extensors of elbow (triceps) 
Extensors of wrist (extensor carpi radialis longus paralysed 

and brevis, extensor carpi ulnaris) 
Extensors of fingers (extensor d i g i t o m )  I 

LOWER PLEXUS LESIOrV (C8Tl) 
Forced abduction of the arm at birth (Klumpke's paralysis) or trauma may produce 
damage to the lower plexus. This results in paralysis of the intrinsic hand muscles 
producing a claw hand, CxTl sensory loss and a Horner's syndrome (page 141 j if the TI  
root is involved. 

N.B. A combined ulnar and median nerve lesion will produce a similar picture in the hand 
but with involvement also of flexor carpi ulnaris and pronator teres. 

TOTAL BRACHIAL LESION 
This results in complete flaccid paralysis and anaesthesia of the arm. 
The presence of a Homer's syndrome indicates proximal TI nerve root involvement. 

N.B. When trauma is the cause of brachial paralysis, early referral to a specialist unit with 
experience in the surgical repair of plexus injuries is advised. 



LOCALISEO NEUROLOGlCAL DISEASE AND ITS MANAGEMENT C PERIPIiERAL NERVE AND MUSCLE 

BRACHIAL PLEXUS SYNDROMES 

THORACIC OUTLET SYNDROME 

The brachial plexus, subclavian artery 
and subclavian vein mav be corn~ressed 
in the neck bv contiguous structures 
such as a cervical rib or tight fibrous 

Scalenius medius band. 

_, Scalenius anterior Symptoms 
Pain in the neck and shouldcr with 

. . - 
\ Plexus paraesthesia in the forearm, made worse 

by carrying a suitcast, shopping bag, 
etc. 

Subclavian artery 

Signs 
Sensory loss in a TI distribution. 

t Wasring and weakness of thenar and occasionally interosseous muscles. 
Signs of vascular compression: 
- Unilateral Raynaud's phenomenon. 

! 
- Pallor of limb on elevation. 
- Brittle trophic finger nails. 
- Loss of radial pulse in arm on abduction and external rotation at the shoulder or on 

bracing the shoulders - ADSON'S sign. 
- Subclavian venous thrombosis may occur, cspecially after excessive usage of arm. 

Investigation 
Coronal MRI is the definitive investigation. 
Plain radiology of the thoracic outlet may reveal a cervical rib or prolonged transverse 
process. Nerve conduction/electromyography wiH distinguish this from ether peripheral 
nerve lesions. Arterjography or vmography is occasionally necessary if there are obvious 
vascular problems. 

Treatment 
In middle-aged people with poor posture and no evidence of abnormality on plain 
radiology, neck and postural exercises are helpful. 

In  younger patients with clinical and electrophysiological changes supporting the 
radiological abnormalities, exploration and rcmoval of a fibrous band or rib may afford 
ref ief. 



LOCALlSED NEUROLOGICAL DISEASE AND ITS MANAGEMENT C PERIPHERAL NERVE AND MUSCLE 

BRACHIAL PLEXUS SYNDROMES 

BRACHIAL NEURITIS (Neuralgic amyotrophy) 
Brachial neuritis is a relatively common disorder sometimes associated with: 
- Viral infection (infectious mononucleosis, cytomegafovirus) Probable variant 
- Vaccination (tetanus toxoid, inn uenxa) of Guillain-Bar& 
- Strenuous exercise 
- Tntravenous heroin abuse (mainlining). 
In most cases it develops without any evident precipitating cause. 

Clinical features 
- Acute onset with preceding shouldcr pain. 
- Weakness is usuaIly proximal, though ths whole arm may be affected. 
- Occasionally both arms are affcacd simultaneoudy. 
- Sensory findings are minor (loss over the outer aspect of the shoulder) and occur in 50%. 
- Reflex loss occurs. 
- Wasting is apparent after 3-6 weeks. 
- Recurrent episodes can occur, especially in thc prescncc of a family history. 

Differentia1 diagnosis Investigation 
A painful weak arm. Viral titres may be positive, e.g. Coxsackit. 
Consider : 
- Cervical spondylosis. CSF may show a mild protein rise and 
- Cervical disc lesion. a pleocytosis. 
- Brachialgia due to Iocal bursitis. Nemre conducrion studies wiIl show slewing 
- Polyrnyalgia rheumarica. in affected nerves after 7-10 days. 

Trearment 
Narcotic analgesics may be required if pain is extreme. Corticesteriods are normally given 
though the value of irnrnun~therapy is uncertain. By 2 yrs - 75 % have fully recovered. 

Familial brachial neidritis is associated with abnormalities of peripheral nerves (thickened 
rnyelin sheath) and evidence on nerve conduction studies of a diffuse neuropathy. 

PANCOAST'S TUMOUR 
Invalvement of the piexus by an apical lung turnour (usually squamous cell carcinoma). 
The  lower cervicaI and upper thoracic roots are involved. 

Clinical features 
- Severe pain around the shoulder and down the inside of the arm. 
- Weak wasted hand rnuscIes. 
- Sensory loss (CRT,). 
- Horner's syndrome (invasion of sympathetic chain and stellate ganglion). 

BRACHIAL NEUROPATHY FOLLOWING RADIOTHERAPY 
Irradiation of the axiEla for breast carcinoma may damage the lower brachial plexus 
in I-3% of patients. This is often associated with lymphoedema. 

Onset may be delayed from 5-30 months. 
Entrapment of the plexus by resultant fibrosis scems the probabEe cause, 
Distinguish from direct metastatic spread, in which plexus involvement is more 

432 widespread, pain more severe and Horner's syndrome often present. 



LOCALISED NEUROLOGICAL DISEASE AND ITS MANAGEMENT C PERIPHERAL NERVE AND MUSCLE 

UPPER L I M B  MONONE'UROPATHIES 

LONG THORACIC NERVE (C5CbC7) 
Supplies: Serrarus anterior muscle 

Damaged by:  
- Carrying heavy objects 
- Strapping the shoulder 
- Limited brachial neuritis 
- Diabetes rnellicus 

Results in: 
Winging of the scapula 
when arms are 
stretched in front 

SUPRASCAPULAR NERVE (C5Cb) 
Supplies: Supraspinatus and 
infraspinams muscles. 

Damaged by: 
- [as for Long thoracic nerve (above)] 

Results in: 
- Weakness of abduction of arm 

(supraspinatus) 
- Weakness of external rotation of arm 

(infraspinatus). 

AXILLARY NERVE (posterior cord) /CsC6) 
Slipplies : Deltoid and teres minor muscles. 

Dama~ed by : 
- Shoulder dislocation. 
- Limited brachial neuritis. 

Results in : 
- Weakness of abduction of shoulder 

between 15-90 ' and sensory loss 
over the outer aspect of r h e  shoulder. 

433 



LOCALISED NEUROtOGlCAt DISEASE AND ITS MANAGEMENT C PERlPHERAh NERVE AND MUSCLE 

UPPER LIMB MONONEUROPATHIES 

MUSCULOCUTANEOUS NERVE (Lateral cord) (C5Cb) 

Sensor-y sslipply: Lateral border of the arm. 

Darnaged by: 
.. .- Coracobrachialis 

- Fracture of the humerus. 
- Systcmic causes. 

-". Biceps 
Resulrs r'n: 
- Weakness of elbow flexion and 

Erachialis forearm supination with characteristic 
sensory loss and absent biceps reflex. 

RADIAL NERVE (Posterior cord) (ChCICB) 

Sensory supply: Dorsurn of hand. 
The ncrve descends from the axilla, 
winding posteriorly around the humerus. 
The deep branch - the posterior inter- 
osseous nerve - Iies in the posterior 
compartment of the forearm behind the -- ,....:- Triceps interosseous membrane. 

,. . Brachioradialis Damaged by : 
Extensor carpi radialis longus - Fractures of the humerus. 

..- Extensor carpi radialis brevis - Prolonged pressure 
(Saturday night palsy). 

- IntramuscuIar injection. 
""-- - Extensor digitorurn - Lipoma, fibroma or neurorna. 
‘".- Extensor digiti mfnirni - Systemic causes. 
". Extensor carpi ulnarfs Results in: 

. "..Abductor pollicis longus - Weakness and wasting of muscles 
supplied, characterised by wrist drop 

'.. .". Extensor pollicis longus with flexed fingers (weak extmsors). '., Extensor pollicis brevis 
Extensor indicis Sensory loss on dorsum of hand and 

forearm. Loss of triceps reflex (when 
lesion lies in the axilla) and supinator 
reflex. 

The  posterior internsseous branch of the radial nerve can be 
compressed at its point of entry into the supinator muscle. The clinical 
picture is similar to a radial nerve palsy, only brachioradialis and wrist 
extensors are spared. Examination shows weakness of finger extension 

434 with little or no wrist drop. 



LOCALDSED NEUROLOGICAL DtSEASE AND ITS MANAGEMENT C. PERIPHERAL NERVE AND MUSCLE 

UPPER LIMB MONONE'UROPATHIES 

M D I A N  NERVE (Lateral and medial cords) (C7CB) 
Sensory supply : 
Palmar surfaces of the radial border of the hand. 

The  nerve lies close to the brachial 
arrery in the upper arm. I t  passes 
under the transverse carpal ligament 
as it approaches the palm of the hand. 

Damaged by: 
- Injury in axilla, 

Pronator teres e.g. dislocation of shoulder, compression in the 
---.+-- Flexor carpi radialis forearm - anterior interosseous branch, 
.------ Palmaris longus compression at the wrist (carpal runnel syndrome). 

Flexor digitorurn sublirnis 
Resultr in: 

-----FFex5r digitorum profundus - Weakness of abduction and apposition of thumb. 
Flexor pollicis longus - Weakness of pronation of the forearm. 

---hterior interosseous - Deviation of wrist to ulnnr side on wrist flexion. 

-Abductor pollicis brevis -Weakness of flexion of distal phalanx of thumb 

Flexor pollicis brevis and index finger. 

-',.Opponens pollicis - Wasting of thenar muscles is evident. 
- Sensory loss is variable but most marked on 

First lumbrical index and middle fingers 
Second lurnbrical 

Carpal tunnel syndrome The  most carnrnon entrapment neuropathy, 
more frequent in women, results from median 
nerve entrapment under the transverse carpal 

Transverse carpal ligament ligament at the wrist. 
Causes: - Connective tissue thickening, e.g. 

Median - Rheumatoid arthritis 
nerve 

- Acromegnl y 
- Hypothyroidism. 

e.g amyloid disease. 
- Fluid retention, e.g. in pregnancy, 

weight gain. 
Symprowss: 
Pain, especially at night, and paraesthesia, eased by  shaking the hand or dangling ir out of 
the bed. 

Objective findings may follow with cutaneous sensory loss and wasting and weakness of 
thenar muscles (abductor and opponens pollicis). Percussion on the nerve at thc wrist 
produces heightened paraesthesia (Tinel's sign). 

Nerve conduction studies are helpful in confirming diagnosis by showing slowing of 
conduction over the wrist. 

Treatment: of the cause, weight loss and diuretics. Surgical division of the tsansverse 
ligament if symptoms fail to improve produces excellent results (90% symptom free-). 



LOCALISED NEW ROLOGICAL DISEASE AND ITS MANAGEMENT C PERIPHERAL NERVE AND MUSCLE 

'UPPER L I M B  MONONEUROPATHIES 

ULNAR NERVE (Medial cord) (C&) 
Sensory strpply : 
Both patmar and dorsal surfaces of the ulnar border of the hand. 

In the upper a r m  the nerve is closely 
Flexor carpi ulnaris related to the brachial artery and the median 

nerve, and passes behind the medial 
'lexor digitorum profundus epicondyle of the humerus into t h e  forearm. 

In the hand, close to the harnate bone, it 
divides into deep and superficial branches. 

Davnaged by: 
-- -- Adductor pollicis 

- Injury at elbow, e.g. dislocation. 
"-- 1st dorsal interosseous - Entrapment at elbow or  distal to the 

medial epicondyle. 
. .  ' f b  ( 

- Pressure an the nerve in the palm of the 
I 

: : Flexor i 
hand damages the deep branch resulting in 

: Opponens digiti minimi wasting and weakness withour sensory loss. 
Abductor 

Rcsulrs in: 
- Weakness and wasting of muscles supplied, with a 

characteristic posture of the hand - zrinar claw hand 
- as well as sensory loss. The level of the lesion 
dictates the extent of the motor paralysis. Nerve 
conduction studies are helpful in confirming 
entrapment at the elbow. 

Surgical transposition may be necessary in such 
cases. 



LOCALISED NEUROLOGICAL DISEASE AND ITS MANAGEMENT C PERIPHERAL N E R V E  AND MUSCLE 

C LUMBOSACRAL PLEXUS 

LUMBAR PLEXUS 

Iliohypogastric 
nerve -. -. -.. 
llioinguinal 
nerve 

Genitofemoral -- ----- 
nerve 

Lateral femoral -* 
nerve 

Femoral nerve .,+ 

Qbturator nerve - - - -  ---- ---- d !  a 
tumbosacral 
trunk 

The plexus is located 
in t h e  psoas muscle. 
The important -'--. 
branches are the 
femoral and obturator 
nerves. 

The femoral nerve 
(L2LsL4) emerges 
from the lateral border 
of the psoas muscle 
and leaves t h e  --.-. 
abdomen laterally -+- 
below the inguinal: 
ligament with the 
femoral artery. 

The obturator 
nerve (LZL3L4) 

SACRAL PLEXUS 

. - 
nerve TO 

pudendal 
Sciatic nerve plexus 

Greater sciatic 
foramen 

The plexus is located an the posterior 
wall of the pelvis. The five roots of the 
pIcxus divide into anterior and posterior 
divisions. The L4L5S I SZ divisions form 
the common peroneal nerve. 
The LQL5S1 SZS3 anterior divisions 
form the tibial nerve. Both these nerves 
fuse to form the sciatic nerve. 

Sciatic nerve 
LaLsS, s 2 s 3  

The posterior divisions SzS3 pass to t h e  pudendal plexus. 

The common peroneaI and tibial nerves (sciatic nerve) 
leave the pelvis by the greater sciatic foramen. In the 
popliteal fossa the sciatic nerve splits into its constituent 
nerves. 



LOCALISED NEUROLOGICAL DISEASE AND ITS MANAGEMENT C PERIPHERAL NERVE AND MUSCLE 

LUMBOSACRAL PLEXUS SYNDROMES 

The proximity of the plexus to Trauma foIlowing surgery, c.g.  
important abdominal and pelvic hysterectomy, lumbar 

, structures renders it liabIe to sympathectorny or during 
damage from diseases of these labour. Compression from 
structures. an abdominal mass, e.g. aortic 

aneurysm. Infiltration from 
peIvic tumour. Radiotherapy. 

Symptoms may be unilateral or bilateral, depending upon 
causation. Weakness, sensory loss and reflex changes are dictated 
by the location and exrent of plexus damage. Pain of a severe 
burning quality may be present; it may be worsened by coughing, 
sneezing, erc. 

In general: 
Lower plexirs lesions produce: Upper pfexzls bsions produce: 

Weakness of posterior thigh - - - ' --- 
'"- Weakness of hip flexion and 

(hamstring) and foot muscles with _- ....-. --. . .  adduction with 
_... TC-- 

+-__ posterior leg sensory loss. - ---'-' -- -----. " anterior leg sensory loss. 

The lurnbosacral plexus may be affected in the same way as the brachial plexus in 
brachial neuritis - lumbosacral neuritis - the association with infection, etc., being similar. 
Recovery is usually good. Recurrent episodes may occur. Plexus lesions also occur in 
diabetes mellims and polyarteritis nodoso. In both, the symptoms and signs may be bilateral. 
Investigate with CT/MR and neurophysiology . 

LOWER L I M B  MORIONEUROPATM1ES 
FEMORAL NERVE (L1LIL3) Dowlajied b ~ l :  

- Fractures of the upper femur 
- Congenital dislocation of the hip, 

Ilia-psoas - - hip surgery 

- Neoplastic infiltration 

Sartorius ------- - Fsoas muscle abscess 
- Hamatoma into iliopsoas muscle 

(haemaphilia, anticoagulants) 
Rectus - Systemic causes of mononeuropathy, 
fernoris -----+-- e.g. diabetes. 

Resu1t.r in: 

Vastus - Weakness of hip flexion 
lateralis --------- - Weakness of knee extension with wasting 

of thigh muscles 
- Sensory loss over the anterior and media1 

aspects of the thigh 
438 - The knee jerk is lost. 
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LOWER LIMB MONONEUROPATHIES 

OBTURATOR NERVE (L1L3L4) 
Dama~ed  by: - Same process as the femoral nerve. 
- During labour and occasionally as a consequence 

of compression bv hernia in the obturaror canal. 
Resuln in: - Weakness of hip external rotation and adduction. 
- The patient may complain of inability to cross 

the affected leg on the other. 
- Sensory loss is confined to the innermost aspect 

of the thigh. 
- The adductor reflex is absent (adductor response 

to striking the medial epicondyle). 

SCIATIC NERVE (L4L5SI S Z )  
The nerve descends between the Ischial 
tuberosity and the greater trochanter of the femur. 
In the thigh it innervates the hamstring muscles 
(semitendinosus, sernimembranosus and biceps). 
Damaged by: - Congenital or traumatic hip dislocation. 
- Penetrating injuries. 
- Accidental damage from 'misplaced' 

intramuscular injection. 
- Entrapment at sciatic notch. 
- Systemic causes of mononeuropathy Semirnembranosus -- 
Results in: - Weakness of hamstring muscles L O ~ ~  head of biceps -- 

with less of knee flexion. Adductor rnagnus -- 
- Distal foot and leg muscles are also affected. 
- Sensory loss involves the outer aspect of the leg. 
- The ankle reflex is absent. 

COMMON PERONEAL NERVE (t4L5) I 

', :' Deep 
, peroneal n. The nerve arises from the division of the sciatic nerve 

in the popliteal fossa. Tt bears a close relationship with 
*Tibia'is the head of the fibula as it winds anteriorly. I t  divides 

-- E~~~~~~~ info superficial and deep branches as well as giving off a 
digitorum purely sensory branch which, with scnsory twigs from 
longus the tibia1 nerve, forms the strrar newe, mediating 

sensation from the dorsurn and Iateral aspect of the foot. 
Damaged by: - Trauma to the head of the fibula; 

'x. Extensor pressure here from kneeling, crossing legs. 
hallucis - Systemic causes of mononeuropathy, e.g. diabetes. 
longus Results in:  Weakness of dorsiflexion and eversion of the 

foot. The patient walks with a 'foot drop'. Sensory loss 
involves che dorsurn and outer aspect of the foor. Partial 
common peroneal ncsve palsies are common with very 
selective muscle weakness. 439 
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LOWER LllMB MONONEUROPATHIES 

POSTERIOR TIBIAL NERVE (SIS2) 
This nerve also arises from the division of the sciatic 
nerve in the poplitea1 fossa and descends behind the Gastrocnemius 
tibia, terminating in the medial and lateral plantar 
nerves which innervate the small muscles of the foot. 
The sensory branch contributes to the s u r d  nerve. 
Damaged by : 
- Trauma in the pepliteal fossa. 
- Fracture of the tibia. 
- Systemic causes of mononeuropathy. Flexor digitorurn .----- 
Resulrs in: 
-Weakness of pIantar flexion and inversion of the foot. 
- The patient cannot stand on toes. Flexor hallucis -"- 
- Sensory loss involves the sole of the foot. 
- T h e  ankle reflex is lost. 

lateral plantar 
nerves 

Tarsal tunnel syndrome 
The posterior tibia1 nerve may be 
entrapped below the medial malleolus. .. , 

\ 

This produces a burning pain in the 
sole of the foot. Weakness of toe flexion 
and atrophy of small muscfes of the foot 
occur in advanced cases. A prolonged 
sensory conduction velocity confirms 
the diagnosis. Surgical decompression 
is often required. 

PLANTAR AND SMALL INTERDIGITAL NERVES 

Compression of these nerves at the 
sole of the foot produces localised 
burning pain. Involvement of inter- 
digital nerves produces pain and 
analgesia in adjacenr halves of 
neighbouring toes. 

nerves 

Medial 
plantar 
nerve 
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APJTONOMlC NERVOUS SYSTEM 

The autonomic nervous system maintains the visceral and homeostatic functions essential 
to life. It is divided into SYMPATHETJC and PARASYMPATHETIC components and conrains 
both motor {efferent) and sensory (afferent) parhways. 

Both sympathetic and parasympathetic systems ace regulated by the iitnbic sysrem, 
hypathalamus and reticular bformarion. Fibres from these structures descend to synapse with 
preganglionic neurons in the intermcdiofateral column TI-T12 (symparhetic) and in the 
111, VII, IX and X cranial nerve nuclei and S2-S4 scgmcnts of the cord (parasympathetic). 

PARASYMPATHETIC OUTFLOW _ , - Limbic system 
PREGANGLIONIC 

, -- Hypothalamus FIBRES 

POSTGANGLIONIC 
FIBRES 

# 

Bronchoconstrictor 
Innervation of bowel sphincter 

Smooth muscle 

(increased smoath 
muscle activity, and cardiac organs 
inhibits sphincters) 

SACRAL OUTFLOW 

- Pelvic nerves (nervi erigentes) 

- Postganglionic neurons in walls of 
(c 

bladder, rectum, genitalia. 
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AUTONOMIC NERVOUS SYSTEM 

SYMPATHETIC OUTFLOW Autonomic fibres in peripheral 
nerve to blood vessets, sweat 

ganglionic fibres 
8 and noradrenaline release. 

Fibres which pass through the sympathetic ganglion to 
synapse on a prevertebral ganglion, e,g. coeliac or 

u mesenteric ganglia constitute the splanchnic nerves and 
innervate the viscera. 

AFFERENT AUTONOMIC NERVOUS SYSTEM 
Sympathetic 
Terminate in spinal cord in intermediate zone of grey matter - in relation to preganglionic 
neurons. 
Fzancrion: Important in the appreciation of visceral pain. 

Parasympathetic 
Afferent fibres from the mouth and pharynx, and respiratory, cardiac and gastroinrestinal 
systems, travelling in the VII, IX and X cranial nerves, terminate in the nucleus of tractus 
solitarius. 
Function: Important in maintaining visceral reflexes. 
T h e  sacral afferents end in rhe S2-S4 region in relation to pseganglionic neurons. 

NEUROTRANSMITTER SUBSTANCES 
Parasympathetic Sympathetic I 

GANGLION choline 

A acetyl 
choline 

TARGET smooth muscle 
ORGAN heart 

salivary glands 

acetyl 

Y' '% 

acetyl circulating 

choline noradrenaline adrenaline . -  - 
and 

sweat glands blood noradrenaline 
blood vessels in vessels 
skeletal muscle heart 
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TESTS OF AUTONOMIC FUNCflON 

BLOOD PRESSURE CONTROL 
1. ,Maintenance of bltlod prcssurc with alteration in posturc - is normally dependent upon reflex barnreceptor 

function. A fall in BE' occurs with efferent or affcrcnt lesions - poprural (orthostatic) hypotension. 
2. Exposure to cold induces vasoconstricrion and a rise in BP - cold pressor test. Stress will produce a similar 

pressor response, e.g, ask patient to do mental arithmetic. 
Both ccntral and peripheral lcsions affect these t e e n  

3. Valsalva rnanoeurTe: 
The patient exhales against a cloged glottis, increases intrathoracic pressurc and thus reducer venous return and 
sy5ternic RF. Thc heart rate accelerares to maintain RP. On opening thc glottis, venous return increases and an 
overshoot of BP with cardiac %lowing occurs. An impaired responsc occurs with afferent or efferent autnnnmic 
lerions. 

4. Noradrenaline infusion tert: 
A postganglionic sympathetic lesion results in 'rupcrsmsitiviry' o f  denetvatcd smooth muscle FO admnalinc, 
with a marked rise in UP following infusion. 

HEART RATE 
1. Massage of thc carotid sinus should stimulate the baroreceptors, increase vaml parasympathetic discharge and 

slow rhe hcart rate. Either efferent or afferent lesions abol~sh this response. 
2. Amopine test: 

I Intravenous atropine 'bIacksl vagal action and with rncact sympathetic innervation results in an increasc in 
I 

I 
heart rate. 

SWEATING 

I A rise in body tempcramre causes increased sweating, detectable on rhc skin surface with starch-iodide paper. Any 
lesion from d ~ c  central to the postganglionic syrnpathetlc svstcm irnpnirs 3weating. 

SKIN TEMPERATURE 
Skin temperature is a function of the sympathetic supply to blood vcsscls. With pre- or postganglionic lesions the 
%kin becomes warm and red. With chronic postpngl~onic leslons the skin may become cold and blue (dencrvadon 
hvperscnsitivity.) Compare the rcrnperarure of various rcglons. 

I PUPILLARY FUNCTlON 
Chcck the response to light and accomrnndation. 
Pharmacological rests arc important: 
1. Atropine - blocks parasympathetic system - dilatcs pupil. 
2. Cocaine - stimulates sdrenergic receptors - dilates pupil. 

Tn highly specialiscd units detailed ncuruphysiolop [e.g. thermal threshold measurements) and plasma 
concentrations of neurntranrmittera and hormones at rest and in response to baroreceptnr stimulation are 
empIoycd ro characterize thc sitc and seIectivity or the autonomic Icsion. 
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AUTONOMIC NERVOUS SYSTEM - SPECIFIC DISEASES 

Symptoms of  autonomic dqsfunction occur in many common condirions which affect both the paraaymparhetic 
and sympathetic pathways e.g, ccrehrovascular disease. 
The following arc less common di~orders which prlmar~ly may &cr rhe autonomic nervous FyPtem - 
IDIOPATHIC ORTHOSTATIC HYFOTENSIOW 
Two types of this cond~tion are recognised. 
1. Due to dcgcncration of sympathetic postgangIinnic neumns. 
2, Duc to dcgenerarion of sympathetic pregangi~onic neurons of the intermediolateral column TI-TI2 - 
SHY-l3RAGBR SYNDROME. 
In the latter disorder, feature% of extrapyramidal syqrem involvement arc also found. 
Both disorders are charactcr~sed by: postural hypotcnsion: anhidrosis (absenr fweating): impotence. 

sphincter disrurbance: pupilIary ahnormal~treq. 
Thc disorders may he separated phamacologically; the postganglionic disorder shows hvpersensiriviry 

(denervat~on hvpersensinvitv) to noradrenal~nc infusion. 
Treatment 
Drugs such as fludrocortiaone increase hlocd volume and may prevent poslural hypnrension. 

DLABE'IIC AUTONOMIC NEUROPATHY 
Symproms of autonomic dyqfunction are cnmmon in long-standing insulin-dependcnr diabetics: 

Impotence:retrogradc ejaculation. 
Bladder dyafuncrion - decrenscd detrutor muscle sction - resulting in increased residual volume. 
Nomrnal diarrhoea. 
GI dysfunction - vomiting horn gastroparcsis. 
Orthostatic hypotension. 
These problems a r m  rmrn darnage to both sympathetic and parasympathetic postganglionic neurons 

Treatment 
Improve diahctic conuoI and treat symptoms c.g. fludmcortisone for l3P control. 

POST-INFECTIOUS POLYNEUROPATHY - Guillain-BarrP syndrome (see previous chapter). 
Autonomic involvcmmr occum commonly in this disorder and may prcsenr mapr problems in patient 
management. T h e  Ecsion may involve the afferent or efkmnt limbs of thc cardiovascular reflexes [baroreccptor 
reflexes) resulting in postural hypotension, episodes of hypertension and cardiac dysrhythmias. 

Occasionally the pnstinfeaious neuropathv i . ~  purely auronomic. 

HEREDITARY AUTONOMIC N3JROPATHY e.g. RILEY-DAY Syndrome 
Thip autosnma3 reccssivc disorder occurs in pcrsons of Jewich descent. 
Features of autonomic dy~funmon:  postural hypotcnsion, newphageal reflux, hypcrpyrexia - present from birth. 
Insensitivity to pain results with assoc~ated sensory neuropathy. 

PRIMARY AMYLOIDOSTS 
Autonomic rnvoivemmt with orthostatic hypotcnsion, imporence, diarshoca and bladder involvrmcnt may 
accompany sensirnotor ncuropathy in the primary and htreditary  form^. Amyloid infiltration affects autonomic 
gangli a. 

ADIE'S SYNDROME 
A tonic pupil (page 130) assoc~ard with areflexia and nccasionally widespread autonomic dysfunction, e.g. 
semental bypol~ldroq~s (abstmt swearing1 and diarrhoea. 

AUTONOMIC DYSELWCTTON IN QUADRIPLEGIA (autonomic dysreflexia) 
A high cervical les~on which completely sevcrs the spinal cord, c.g. trnumat~c cervical framre/dislocation will 
isolate all hut the cranial paraa~pathet ic  nutflow As a result, disturbed autonomic function i s  inevitable but 
variable. 

Auronomic reflexes arc rctained - Pss~ive movement or tactile stimulatron of Iimbs may result in blood 
prcssure rise, bradycardia, sweating, rcflcx penile trectinn (priapism). 
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AUTONOMCC NERVOUS SYSTEM - BLADDER 
INNERVATION 

Efferent innervation 

I SYMPATHETIC 1 I PARASYMPATHETIC ( 
Detrusor muscle 

Pelvic nerves 

Spinal 
cord 

nerves 4 

Ft~nrrinn : SOMATIC EFFERENT I Function. \ - -. .-"-- .. . 
I I 

Detrusor muscle relaxation Origin: anterior horn Detrusor muscle contraction 
Internal sphincter contraction cells S2,3,4 - Internal sphincter relaxation 

Voluntary innervation 
4 

Frontal lobe: paracentral lobe 
- initiates micturition 

Afferent innervation - inhibits micturition 

SYMPATHETIC PARASYMPATHETIC 

Enter through posterior rami and terminate in 
anteromediolateral column T9-L2 

column, S2,3,4. 

Sensation of painful F uncsion: 
distension conveyed T h e  afferent pathways are Sensation of pain and distension 

from bladder wall responsible for thc sensation conveyed from and 
of bladder fullness internal sphincter 
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MICTURITION 

PROCESS OF MICTURITION 
1. Cortical centre - removal of conscious inhibition of micturition. 
2. Voiding - wave-like detrusor muscle contractions with relaxation of internal and 

external sphincters. 
3. Voiding completed - detrusor muscle relaxation 

contraction of internal sphincter 
contraction of external sphincter. 

4. Voiding may be voluntarily interrupted before complete bladder emptying by forced 
voluntary contraction of the external sphincter. 

DISORDERS OF MICTURlTlON 
Complete or partial spinal cord lesion 

4 
Retention 

: innervation Increase in the intravesical 
from cortical pressure eventual] y overcomes 
control internal sphincter integrity 

4 4 - - -  and "dribbling overflow 
6 incontinence' results. 

Aftcr some days or weeks a REFLEX BLADDER develops - automnric emptying ma-v be 
induced $y ahdotninal tapping. This voiding is often inadequate due to reflex contractions of 
the external sphincter before bladder emptying (autonomic dysynergia). High residual 
volumes result. 

Lesions of the 
cauda eguina 

result in a 

bladder 

E bladder - 
I again with 

,:,,,), ( 'overflow incontinence' 

Sensation is lost in the 
sacral dermatomes. 
Anal tone is diminished 
and the anal reflex absent. 

After weeks or months, abdominal col~epressiorz combined with a V~lsalza  manoezrvre cart 
induce efjicienr bladder emptying. 

Urinary and, less commonly, associated faecal incontinence occurs in women following 
traumatic childbirth with injury to the innervation of striated pelvic floor musculature. 
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BOWEL AND SEXUAL FUNCTION 

PARASYMPATHETIC 
Faracentra! lobule of frnntal Iobe 
- voluntary initiarion or 

inhtbit~on of dcfaemtion. 

I 
V a p s  - gastric ernptving, 

intestinal SYMPATHETIC 
peristalsis. Coeliac ~nnglron 

, * *  - gasrric and inte~tina1 relaxation. 
b' - contraction of inrernal anal fphincter. 

.Tacrol nerve - peristalsis 
ronrr S2J,4 from descending , - - H~spoga.rrric plexus 

colon to anus. - inhihib erectile function 
- erection, 

ejaculation. 

NORMAL 
PROCESS 1. Faeces arrive at scccosigmoid junction: 

- cortical awarcncss of urge to defaccate 
- release of sympathetic tone. 

2. Relaxation of pclvic floor 
muscles and internal anal sphincter. 
Lowering of anorecrum. 

3. Voluntary opcning of external 
anal sphincter. 

4. Parasympathetic peristalsir 
and Vaisalva manoeuvre 
empty the rectum. 

COMPLETE 
OR PARTIAL Rowel atony for up to I week. 
CORD LESION -, - Faecal retention with 

impaction and faecal fluid 
overflow (spurious diarrhoea). 
Irnpairedlahsent external 
sph~nctw tone becomes spastic 
after days or weeks. 
-. Rqulnr bmel  crnpr-ving 
reflex()l in response to digj~a!  
stimulation or stcpposirorirs 
achitwcs continence. 

SEXUAL FUNCTION 
Pararymparhetic: 

- pcnilelclitaral erection. 
Reflex - in response to 
tactile scimulation of 
erogenous zones. 
Psychogenic - scxual thoughts 
or visual ero~ic stimulation. 
- nxasm, ejacularion 

Sympathetic: 
- mainly anti-ercctilc acrion. 

E z  -+H + M i d  upper and lower m m n c  pattern 

1 ' ; ;  
\/I 11 '11  

dl Prolonged reflex erection (priaginm) 
may occur for 2-7 day*, then: 

- Erections and ejaculation lost 
for wccks or months, then: 

- Reflex erections (only ractile) 
appear but reflex ejaculation 
seldom returns. 
Fertiltrv is impaired or lost. 

? Vaginal sensation and 
lubrication are lost. 
Fertility i s  retained. 

Flaccid external sphinner. 
Faecal retention with impaction 
rind faecal fluid overflow. 
Re~idar  clearance of consriput~d 

C A W A  - stool b-v manuol en-oc~anrion or 
HQ UfN A Valsalwa maneoavre achitver 
LESION 

Loss of geniral sensation. 
Loss of reflex ereaions and 
ejaculation (psychogenic 
erection may be retained). 
Male infertile; female fertility 
retrined. 
Male erections may be achieved by 
cavernosal blockade using inrracavcmosal 
injection of papaverfne HCl . 447 
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DISEASES OF SKELETAL (VOLUNTARY) MUSCLE 

Normal skeletal muscle morphology 
A skeletal muscle is composed of a large number of muscle fibres separated by connective 
tissue (endomysium) and arranged in bundles (fasciculi) in which the individual fibres are 
parallel to each other. Each fascicrulus has a connective tissue sheath (perimysiurn) and the 
muscle Itself is composed of a number of fasciculi bound together and surrounded by a 
connective tissue sheath (epimysium). 

"- Fasciculus 

The three envelopes (sheaths) are made up of connective tissue richly endowed with 
blood vessels and fat cells (lipocytes). 

The muscle fibre 
This is a large multinucleated cell 
with an outer membrane - SARCOLEMMA - - - - -, -_ - 

and a cytoplasm - SARCQ~LA~M I -,- - _ 
within which lie the MYOFIBRILS -- _ _ _ -- 

Each muscle fibre has its own endplate 
approximateIy half way along its length. 

The cell also contains mitochondria, endoplasmic reticulum and microsorncs - the usual 
ccllular constituents. 

Ears, glycogen, enzymes and rnyoglobin lie within the sarcoplasm and related structures. 

r 'A' band -; 
The  MYOFIBRILS are the contractile 'Z" line ., 

components of muscle. 
Each myofibril is 111 in diameter and contains 

filaments of myosin and actin interdigitating with 
each other between each Z line. When muscle 

EzZzl 
f' - 

contracts or relaxes these filaments slide over each Actin filament Myosin filament 

other producing shortening and lengthening of 'A' band 

the muscle fibre. The striated appearance of 3. M 4 
skeletal muscle is a consequence of differing i E 

i ; concentrations of actin and myosin. These resultant - - - -- - - r ri c-y 
bands are designated as shown. 

r 1  ===- 
I - r 

'Z' line H I 
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- 

MUSCLE MORPHOLOGY AND FUNCTION 

Fibre type 
Two types of rnuscIe fibres exist based on physiolagy and structure. 
Type 1: Slow twitch, fatigue resistant. 
Type 11: Fast twitch, fatigue dependent. 

Characteristics: 
Type 1 Type JI 
ATPase stain: Light ATPase stain: Dark 
Oxidative metabolism Glycolytic metabolism 
Abundant mitochondria High glucogen content 
Individual muscles contain a mixture of type I and type I1 fibres with a tendency for 

one type to predominare. The usual ratio in limb muscles is 1:2. 

Neurom uscular junction 
Each muscle fibre receives a nerve branch from the motor celI body in the antcrior horn of 
the spinal cord or cranial nerve motor nuclei. 

When a nerve fibre reaches the muscle it loses its myelin sheath and its aeur i lema then 
merges with the sarcslemma under which the axon spreads out to form the motor endplate. 
The axon fibre with its endings and rnuscIe fibres it supplies is caIlled the MOTOR UNIT. 

The  number of muscle fibres in a motor unit varies: in the eye muscles it is small (5-lo), 
whereas in the limb muscles the number is Iarge (in the gastrocnemius abour 1800). Each 
motor unit contains only one type of muscle fibre, i.e. type I or type TI. The ncuro- 
muscular junction is the paint at which neuromusculas transmission is effected. The motor 
endplate is separated from the sarcoplasm by the synaptic cleft. 

Schwann Physn'alogy 
Muscle contraction results from the following: - 
1) A depolarisarjon wave arrives at the axon 

terminus and opens voltage sensitive ca2 + 

channels 
23 caZ ' influx results in acetylcholine release 

from the synaptic vesicles inso the synaptic 
cleft. 

3) Acerylcholine attaches to end-plate receptors 
with Na + entry into muscle. Post synaptic 
dcpoIarisation initiates an action potential that 

I 
I 

spreads along the sarcoIemmal membrane. 
\ 1 s~nadtic synaptic Mitochondria 4) Release of ca2 I from the sarcoplasmic 

cleft vesicles reticulum and the interaction of actin and 
myosin result in muscle contraction. 

?The enzyme cholinesterase, found in high concentration at motor endplates, destroys 
acetyIcholine so that normally a single ncrve impulse only gives tise to a sinpIe muscle 
contraction. 
Biochelnistry 
Muscle contraction requires energy in the form of adenosine triphosphate (ATP). This is 
produced by breakdown of glucose and glycogen to pyruvate (glycolysis) and breakdown of 
lipid by beta-oxidation, both through the Krebs cycle. 449 
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MUSCLE DISEASE - CLINICAL EXAMINATION 

Topographic distribution of weakness, wasting or hypertrophy aids diagnosis and 
~Iassification of muscle disorders, e.g. limb girdle or scapuloperoneal dystrophies. 

Certain points shouId be elicited from history 
- Whether muscles fatigue with exercise and recover with rest 

- non-specific in muscle disease but may suggest defective 
neuromuscular transmission or metabolic rnyapathy. 

- Tasks which arc specifically difficult: 
proximal weakness - difficulty in climbing stairs 

- lifting hands above head 
- combing hair. 

distal weakness - 'scuffing
y 

toes when walking 
- weak hands, e.g. cannot turn door handIe, change gear in car. 

- Speed of onset of weakness (whether acute, subacute, chronic). 
- Muscle pains present at rest. 
- Muscle pains and cramps during or after exercise. 
- The  presence of a family history of muscle disease or related disorders. 
- Developmental history e.g. milestones for crawling or walking. 

Examination should 
- Note the presence of hypertrophy and the distribution of wasting and weakness, and 
grade weakness according to the MRC (Medical Research Council) scale: 

5- Full strength. 
4- Below normaI. 
3- Lift against gravity. 
2- Movement with gravity eliminated. 
1- Muscle twitch with no movement about the joint. 
0- No muscle contraction. 

- Palpate muscles far tenderness. 
- Note the presence of contracrures 
- Percussion to determine presence or absence of myotonia (see later]. 
- Reflex examination, initially normaI, may diminish with marked wasting and weakness. 
- General examination is essential. Muscle disease may be a reflection of an underlying 

metabolic, endocrine, neoplastic or connective tissue disorder, e.g. increased 
pigmentation in Addison's disease, rnalar rash in systemic lupus erythematosus, 
hepatosplenonegaly in alcoholic liver disease. 
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MUSCULAR DYSTROPHIES 

Muscular dystrophies are genetically determined progressive necrotising rnyopathies. 
Increasingly genetic loci have been identified but the mechanisms of disease production 
remain uncertain, 

i Classification is based upon the mode of inheritance and the clinical picture. 

I 
X-linked recessive Generic llocatiotas where known 
- Duchenne Xp 21.2 
- Becker Xp 21.2 
- Emery-Dreifuss. Xq 28 

Autosoma/ dominant 
- fasciascapulohumerd 4q 35 
- scapuloperoneal 
- myotonic 19q 13.3 
- oculopharyngeal. 
- limb girdle 5q 22.3-31.3 

Autosoma J recessiuc 
- limb girdle. 15q 22 
- scapuloperoneal 

X-LINKED DYSTROPHIES 
These disorders are due to abnormal dystrophin, n membrane associated protein coded 
by a 6 million base pair gene located on the X chramosarnc at X p 2 1 .  Dystrophin is 
believed to be important in maintaining membrane stability during muscle contraction and 
relaxation, it also appcars relevant to smooth muscle function. Dystrophin is absent in 
Duchenne and depleted in Becker dystrophy. 

DUCHENNE DYSTROPHY 
1 in 3,500 male birrhs. As an X-linked and recessive disorder it is passed to boys by 
unaffected tarrier' morhers. One third of patients have negative family history - high 
spontaneous mutation rate. 

t 
Clinical features: 
Delayed motor development is common; at 18 monrhs only 50% of subsequent sufferers 
can walk. Clumsiness is the first clear manifestation; t h i s  occurs between 3-5 years. 
Proximal muscle involvement follows. 
- gluteilquadriceps - waddlin~: gait. 
- shouIder girdle and upper foream. 
- axial muscles - swa+y back posture. 
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MUSCULAR DYSTROPHIES 

Clinical features (contd) 
The child cannot climb stairs or rise from a low chair, and when attempting to rise from 
the ground will 'climb up himself - Gowet" sign (not diagnostic of the condition, but 
indicative of pelvic muscle weakness). 

The  gastrocnemius commonly is enlarged and rubbery hard. 
Quadriceps/deItoid and tongue likewise may he  affected. -. 

Mean IQ is 15-20 points lower than in the normal '.. 
population; occasionally severe mental handicap may occur. 

.. 
Progression 
Between 7-12 years - chiId is no longer able KO walk and weakness 
spreads distally in the limbs. Kyphoscoliosis with / respiratory distress and 

4 cardiac muscle involvement. 

Aged 20 years - chest infection, cardiac failure and arrhythmias occur 
with severe muscle contractures. The  pazient by now is bedbound. 
Survival is rare beyond mid-20s. 

Investigation 
Muscle enxynae - creatine kinase - is substantially elevated (several thousand units) 
especially in early stages. The enzyme is raised a t  birth and is significantly elevared in the 
fcrnale carrier aiding detection of this state and genetic counselling. 
Electrocurdia~ram is abnormal in 80% with conduction abnormalities and rhythm 
disorders. 
EIectromyo~raphic (EMG) studies will support the diagnosis and may be important in 
douhrful early cases with no family history, i.e. spontaneous mutation. EMG studies do not 
detect carrier srates. 
Mrdscle biopsy: the failure to detect dystsophin establishes the diagnosis beyond doubt. 

Treatment 
There is no effective treatment. Orthopaedic procedures such as tenotomy may prolong 
mobility. Steroids may matginaIIy slow decline and increase muscle mass. M yoblast 
transfer studies are disappointing. Derection of the carrier state and advice are essential as 

452 preventive treatment. Intra-uterine diagnosis can be made and termination offered. 
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1 MUSCULAR DYSTROPHIES 

) BHCKER'S DYSTROPHY 
Recker'r dvstrophy har a ~imiIat prevalence 1:3500 malts. 
Clinical features 
Onset 1s latcr than Duchmne - agcd 10 ycars, remaining ambulant until the 3rd or 4th decade, 
ECG abnormalitlcs occur in 4OUh but are rarely severe. 
Calf hypertrophy is common. Limb girdle muscles may be selectiveIy involved. 
Muscle biopsy in mntrast to nuchenne shows dvstrophin but in-rcduced amounts. 

EMERY-DRETFWSS DYSTROPHY 
Onset in chiIdhoodladnlescence. Contramres of elbows and neck are associated with periscapular and biceps 
weakness (with spared deltoids). Cardiomyopathy with condunion abnormalities can be 11fe threatening. Muscle 
hinpsy is nnn-speci fically abnormal. 

A UTOSOMA L DOMINANT DYSTROPHIES 
FASCIOSCAPULOHUMERAL DYSTROPHY 
Thiv is inherited as an aurofomal dominant trait. Described by Dejcrine (1885) lt 1s referred ro as Deierine's 
dystrophy. 

Abortive forms OF this condition In which selective muscle invnlvement occurs (e.g. unilateral shoulder musclc) 
may 'mask' the dorn~nant modc of inheritance. 
Incidence: 1-2 per 100 000. 
Clinical  feat^ T h e  exprea.~ion of disease is variable and uften mild. Onset in first 

or second decadc. Initially h e  lowcr half of the face is involved - ZIT cannot purse lips or whistle - then spread into uapezius and 
I 

'$ x! - pectorals occurs with scapular 'wingng'. 1,umhar lordos~s develops 
from ~pinal muscle weakness. PeIv~c musculamre and quadriccps 
may evenrualZv become mvolved. Dmmedarjr or camel- 

--- .,-.> > *...+ . hack~d gait wlrh protrusion o f  the buttocks i s  charartcristic. 
'c Call and dcltoid muscles may be hypertrophic. 

Unllkc Duchenne dystrophy the clinical course IS slow and arrmt 
of progression may occur. 

In some caser weaknew of facial muscles 19. noted in ch~ldhood 
without spread to other muscles m i l  rniddlc agc. Cardiac rnu~cle 
if not involved Sensorineural dcafncss and rennal vascular changes 
(tclanglcctas~s and detachment) may occur. Life expectancy in this 
condit~on i s  normal, 

Investigations EMC; rrradics show myopathic changes. 
rWztrcle mzjlmes may be normal or %lightly eIevated. 
Mztdclt h i o p v  shows increased fibrc diamacr; a cellular response of lymphocytes, and plasma cell? 
may bc prcsent between muscle fascicle%. 

Treatment There is no specific treatment other than general supprt  with genetic guidance 

SCRP~OPERONEALMUSCULRRDYS~QPHY 
This is an autosornal dnminant or seccssive disorder with involvement of proximal 
upper limb and distal lower limb muscles. Onser is in adult life with Soot drop 
(an~erior tibia1 and pcroneal muscle gmups). Weakness next affccts thc uppcr 
Ilrnbs with spread from ycapular murcles intn deltoid, biceps and triceps. The 
dlseasc runs a benign nnn-drsahling course. Cardiac mugclc involvement may 
occur in later life. A more aggressive X-lmked Form of this dystmphy has been 
descrihed. 

The crearrne kinuse enrvrnc is clevated. 
T h e  elec~rocasd~ugram may be abnormal with atrial arrhythmias. 
EAIG srztdies show myoparhic changes. 
Mlrrclc bropsv will show non-specific mynpathic kamres. 
Dtffcrcntiation from spinel muscular amophy and inilammatory rnyopaathy w~th  
thc same distribution of rnurcle involvement may rcquisc ElMG and biopsy. 453 
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I 

MUSCULAR DYSTROPHIES i 
MYOTONLC DYSTROPHY 
Myotonic dystrophy is a multi-system disorder characterised by the presence of MPDTQMA 

- failure of immediate muscle relaxation after voluntary contraction has stopped. 
It can be demonstrated by: 

1. Striking a musclc with the tendon hammer and 

H- 

watching the resultant 'dimple' persist for a 
while before fiIling up. 

T h e  slow relaxation ,' L ,  
and opening of the hand 
grip will make the object .L 

PhysiologicaSly, myotonia is due to instability of the ~ a +  and CI- channels of the muscle 
membrane with repetitive discharges following n short period of contraction. Although 
suggestive of myotonic dystrophy, myotonia map occur in other muscle disorders due to a 
similar defect. 
Clinical features 
Myotonic dystrophy is an autesomal dominant inherited disorder transmitted b y  a mutation 
(repeat of three base pairs) in thc myatonin protein kinase gene on chromosome 19. 

The incidence is 5 per 100 000 with the onset occurring between 15 and 40 years. 
The facial appearance is typical: 

__, -- Frontal baldness 
Myopathic face 
with prosis 
Jaw hanging and 
wasting of muscles 
of mastication 

,,'/ resulting in hollowing 
of temporal fossae and cheeks 

_,-- Wasting of neck and shoulder 
girdle muscles also is evident 

In the limbs - 
weakness and wasting 
are distal 
though the hands are 
spared until late. 

Mental retardation 
is frequent. 

As the disease progresses, rnyotonia becomes less apparent and may disappear. 

Muldsystem features are common but variable 
Ocular Carlac  Skeletal 

ptosis/ophthalmnplcgia drlated cardiomyopathy frontal hyperostosis 
cataracts atrioventricular conduction defects Endocrine 
retinat pigmentary abnormalities Respirororv inaulin resisrance/diabetts rncllitus 

diaphragmatic weakness infertility 
central sleep apnoea 

These may all prcdate or dominate rlver rnu~cle disease 

En affected mothcrs, the disease may present in the neonate with hypotonia, contractuses 
454 and mental retardation. The mechanism is obscure. 
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MUSCULAR DYSTROPHIES 

MYOTONIC DYSTROPHY (contd) 
Investigation 
The creatine kinase (CK) is mildly elevated. 
The ECG may show bradycardia with prolonged PR interval. 
The EMG shows classic features of rnyotonia, with waxing and waning in thc amplitude 
and frequency of motor unit potentials, as well as myopathic changes. 
MuscIe biopsy may be normal or show non-specific type I1 fibre hypertrophy. 
Other investi~ations: 
- Slit lamp examination of the eyes is essential to exclude cataract. 
- Plain radiology may show certain bony abnormalities, e.g. hyperostosis frontalis interna, 

small pituitary fossa. 
- Elevated blood insulin levels may be found as may a diabetic glucose tolerance curve. 
Myotonic dystrophy must be distinguished from other disorders in which myotonia occurs. 
(see later) 
Treatment 
Drugs bIocking ~ a +  channels (phcnytain, procainamide, quinine and rnexiletine), may 
reduce myotonia. 
Cardiac conduction defects may need a pacemaker. 
Edcntification and treatment of diabetes rnellitus is important. 
Sedative drugs are to be avoided as patients show an excessive sensitivity. 
Genetic counselling should be given. 
Cararacts should be dealt wish surgically. 

OCULOPHARYNGEALDYSTROPHY 
This iq nn autosomal dominanr d~snrder presenting in early middle age. Ptosir i s  the initial finding w t h  
progressive involvement of extraorruEar muscles until paralvsir of all cyc movements rmults. The pupillaw 
reactions arc spared, Dyrphagia, facial weakness and proximal limb weakness devclop later. 

Laboratory f i n d ~ n ~ s  demonstrare a high CK (5 x normal). Muscle biopsy is characteristic with filamentnus 
inclusions in a propordon of muscle fibres. Treament  IS supportive, wirh death cvenrually from intercurrent 
infection. Swallowrng diificulries may ncccssitatc cricapharynffeal myotomy. 

Di~trndinn must be made from myasthenia gravis and rnirochondrial myopathy (see later) in which prosis is a 
distinctive featurc. 

L I M B - G m L E  MUSCULAR DYSTROPHY 
This is an autnqomal dominant or recea~ive disorder with nnset often dclayed to middle age. 

Often muscle involvement is asymmetrical and onset i~ u~uallv in the pelvic ~ i r d l e  muscles. Prngrmsion is slow. 
The disease may arrest in pome parimta. Muscle enlargement (calves) occurs in a proportion o f  mses. 

Artcmpts have been made to subdivide on the basis of pelvic or 
shouldcr girdle onset - this has not been mnvincing. 
Thc crearinc Irrnase (CK) 1s moderately elevated. 
Clardiuc i+woft~emerat does not occur CP,CG normal). 
EMC st~idier rhow non-specific myopathic features. 
Musck hlops-y confirms rnynpath?f with connective tissue proIiieration. 
Dvjerenria?ion: This distribution of weakness in proxima1 rnuacles 
may be a Feature of chronic sqnnal muscular atrophy, certain 
metabolic myopathies, polymvositis and Reckcr's dysrrophy. 
Invetigation is es5ential to classify correctly as EMG and muscle 
biopsy will distinguish rhcse d~sorders. 
Treatment: Treatment IS symptomatic. Genetic counselling is 
difficult because of the high frequency of sporadic cases, variable 
inheritance, and ab~encc of CK elevation in the carrier states. 
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1NFhAMMATORY MYOPATHY 

Inflammatory myopathies are disorders of muscle in which there is cfinical and laboratory 
evidence of an inflammatory ~TCICESS:  

These are acquired muscle disorders as opposed to the inherired dystrophies and may be 
classified as follows: 

Childhood form 
Pol~m~osit is  < Adult form 

Dermatomyodtis 

Inclusion body myositis 

Inflammatory myopathy associated with malignant disease 

Inflammatory myopathy associated with collagen vascular disorders, t.g. lupus 
erytfiernatosus, systemic sclerosis, rheumatoid arthritis 

Infective - viral, e.g. Coxsackievirus, echovirus, parasitic: e.g, t~xopIasmosis, schjsto- 
somiasis. 

Drug-induced - penicillaminc, cholesterol lowering agents e.g. clofibrate, bezafibrate. 

POLYMYOSITIS/DERMATOMYOSITIS 
There are two principal forms of inflammarory myopathy - polymyosiris and 
dermatomyositis which are separated clinically by the dermatoIogical findings in the latter. 
All age groups are affected. Annual incidence is 8 per 100000. These disorders are 
sporadic though familial cases are described. 

An autoimmune basis for these disorders is supported by: 
- response to immunosuppressive therapy. 
- association with other known immunologica1 disorders, e.g, collagen vascular 

disorders. 
- elevated IgG in blood and presence of circulating autoantibodies, e.g. aneinucIcar 

antibody in some cases. 
- an increased incidence of certain histocompatibility antigens (HLA antigens)-R8, 

Dm. 
- the reproduction of a similar disorder in Iaborarory animals by injection of muscle 

extract with Freund's adjuvant. 

Humoral and cell mediated immune mechanisms seem responsible for these disorders 
but the trigger factor(s) remain unknown. 
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INFLAMMATORY MYOPATHY 

Clinical presentation 
Onset is acute or subacute over a period of several weeks and may follow systemic infection. 

Systemic symptoms prevail a t  onset, e.g. lassitude, and are then followed by muscle 
weakness. Extensive oedema of skin and subcutaneous tissues is common (especially in the 
periorbital region). 

POLYMYOSITIS /' 'l DERMATOMYOSITIS 

Muscles may be painful and tender in 60n/0 Often more severe and acute 
of cases though onset is often painless. Characterised by skin rash. 

n Proximal muscles are first Violet discoloration of light exposed skin. 
involved and initially weakness 
may be asymmetrical, e.g. 
one quadriceps only. 

pnstcrior neck 3 - '  

muscles will + 6 "" 
result in ? 

the head 'lolling' 
forwards. 

Occasionally weakness may spread into 
distal limb muscle groups. 

Pharyngeal and laryngeal involvement 
results in dysphagia and dysphonia. Cardiac 
muscle may also be involved. Respiratory 
muscle weakness causes respiratory failure (this 
may be disproportionately severe). 

The  eye muscles are not involved unless 
there is coexisrent myasthenia gravis. 

Reflexes are retained (if absent, consider 

eL\,, 
I' 

m-, 
<.A ---. J---. --.Heliotropic 

li (7F di~colourafion / 
of eyelids 

4-7 Raised scaly 
' ( Cs ! , erythematosus rash 

involving nose and 
cheeks, shoulders, 

extensor surfaces 
of limbs and 
knuckles 

Telangicaasia and tightening 
of skin arc common and small 
ulcerated vasculjtic lesions develop 
over bony prominences. 

Childhood 
form + 

rMulrisystem invalvcrnenr. 

Adult 
form 

carcinoma with added neuroparhy). Calcification develops in skin and muscle with 
extrusion through skin. 

Muscle conrractures develop - tip-toe gait. 
Gastroiniesrinal ulceration accurs. 

The muscle weakness is as in polymyositis 
but in childhood derrnatomyositis may be very 
severe, involving chewing, swallowing and 
breathing. 

Differential Diagnosis 
Inclusion body myositis. 
Acid Maltase deficiency [presenting as respiratory failure) 
Limb girdle dystrophy. 
Drug induced, toxic and metabolic myopathics. 
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INFLAMMATORY MVURATHY 

Investigations 
Diagnosis is supported by the following investigations: 
Muscle enzymes Circulating antibodies 
Crcatine kinase (CK) is elevated. e.g. rheumatoid factor, antinuclear 
Released from necrotic muscle, it is factor. Present in 40%. 
an indicator of disease activity and severity 
Elecrrotnyography Erythrocyte sedimentation rare (ESR)  
Shows a typical rnyopathic pattern. Elevated in most patients. 

MrrscIe biop.qj shows necrosis of muscle fibres with inflammatory cells - lymphocytes, 
plasma cells, leucocyres. 

Treatment 
Steroids - Prednisolone 40-80 rng daily in divided doses with gradual reduction to 
maintenance (alternate day) dose once improved. If stopped too early, relapse may occur. 

Cirnetjdine protects against the risk of gastrointestinal haemorrhage or perforation. 
In refractory cases immunosuppressive drugs - methotrexate, azathioprine, 

cyclophosphamide, cydosporin or high dose intravenous immunoglobulin - may be used. 
Outcome 
Mortality is now low though only 10% rccover completely. In the rest, the disease 
becomes inactive after 2 years and patienrs are left with varying degrees of disability. When 
associated with collagen diseasc, eventual outcome will depend on the nature of that 
disease. When associated with neoplasm, steroids may cause temporary improvement. 
Removal of an associated tumour can result in remission. 

Prior to the availability of treatment the outcome in inflammatory rnyoparhy was variable 
and obviously influenced by the presence of associated neopIasia or collagenosis. Periods of 
relative improvemenr cauld occur but generally progression prevailed. Death occurred as a 
result of respiratory failure, gastrointestinal haemorrhage, perforation and cardiac arrest. 

POLYMYOSITIS Ah?3 DERMATOMYOSITIS ASSOCIATED WITH MALIGNANT DISEASES 
Approximately lRi% of adults with inflammatory myoparhy have underlying neoplnsia usually carcinoma. In 
dermatomyosiris, of t h o ~ e  over 40 years of age as many as 6t)'Yo harbour neoplasia. Nmplasia may present before 
or after the development of inflammatory myopathy. 
POLYMYOSITIS AND DERMATOMYOSITIS ASSOCIATED UFTTH COLLAGEN VASCULAR 
DISEASES 
Appsoxima~elv 1 5 %  of adults with inflammatory myopathy have symptoms and signs of an associated collagen 
vascular disorder. 
In 5-10%) of persons with these disorders (systemic lupus erythematosus etc), inflammatory myopathy  develop^ 

at some stage in their ~llnesa. 
Tn the 'overlap' syndromes (mixed collagen vascular diseases) muscle invoivement is more common. 

MCCUSION BODY MYOSITIS 
Prcscnr after age 50 yrs. Patchy and asymetric in di~tribution. 
Muscle biopsy shows basophillc inclusion granules. Often clinically confused wilh polyrnvasitis but response to 
immunorherapp i!: poor. 
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ENDOCRPN E / M  ETABOklC MYOPATMIES 

UnIike inflammatory myopathy the weakness in these conditions i s  more chronic and is 
unassociated pathologicalIy with inflammation. Correction of the underlying endocrine 
disturbance results in recovery. Usually the other features of endocrine dysfunction are 
more problematical and myapathy is of secondary importance. 

Pituitary 
Acrornegu(y 
Proximal weakness with fatigue. 
Entrapment neuropathies, e.g. carpal 
tunnel syndrome may complicate the 
clinical picture of rnyopathy. Other 
features of growth hormone excess 
are evident. 

Parathyroid 
Hyperparuth-vroidisrn and osteomaIucia. 
Weakness of a proximal distribution 
with muscle tenderness occurs in 
50% of patients with ostcomalacia 
but is less common in primary 
hyperparathyroidism. T h e  legs are 
mainly affected and a wadding gair 
results. 

Adrenal 
Hjperadrenalism and hypnadrenulism 
These may both be associated with 
proximal myopathp. I n  patients 
treated with steroids, a similar 
picture may develop rapidly when 
drug induced. Reduction of steroid 
dosage results in improvement. 

Thyroid 
Hyperrtivroidisrn 
Weakness occurs in 20% of thyrotoxic 
patients. Shoulder girdle weakness is 
more marked than pelvic. Reflexes are 
brisk, fasciculation and atrophy may be 
present. Disrilaction must be made from 
motor neuron disease. These is aIways 
clinical evidence of thyroroxicosis in 
these patients. Diagnosis is confirmed 
by thyroid functian studies. 

Hypothyroidism 
Proximal weakness involves pelvic 
girdle more than shoulder. Painful 
cramps and muscle stiffness are 
common. 
Muscle enlargement in limbs and 
tongue often occur. Thcre is always 
clinical evidence of hypothyroidism in 
these patients. Diagnosis is confirmed 
by thyroid function tests and response 
to thyroid hormone therapy is excellent. 

In chronic proximal weakness, careful clinical history taking, examination and 
appropriate investigation will separate the various endocrine causes. 
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METABOLIC MYOPATHIES: THE PERIODIC PARALYSES 

These disorders are characterised by defective skeletal muscle voltage - sensitive ion 
channels (channeloparhies): 

Hypokalaernic periodic 
paralysis 
Aurosomal dominant. 
Chromosomal location and defective 
gene unknown. 
Onset in second decade. 
Precipitated bv: exercise, 
carbohydrate load. 
Comrncnccs in proximal lower limb 
muscles and rap~dly becomes 
genemliscd. Onsct usually in 
morning on wakening. 
Bulbar rnuscleslrerpirarim 
unaffected. 
K'falls as Eow as 1 . 5  meqll. 
Treatment : 
Acute - oral KCI. 
Prophylactic - acctazolamide; 

low mbohydrate, 
high K ' dier. 

With age, anacks become 
progrcs.;ivelv less frequent. 

Hyperkalaemlc periodic 
paralysis 
Autosvmal dominant or rcccssive. 
Chromosome 17 location. 
Na- channel gene defect 
Onset in infancy!chiIdhocd. 
Precipitated by. rest aker activity or 
by cold. 
Commences in lower limbs and 
wolves rapidly. 
Attacks are of &on duration (less 
than bQ rnin). 
Mvotonia is evident In some 
patient?. 
K ' rises only slightly. 
Tteatmenr: 
Acute - mrravent)us calcium 
gluconate or sodium chloride. 
Prophylactic - Na ' channel 
blockers, Tocainide ur Mexilerine. 

Pararnyotonia Congenita 

Autosomal dominant 
Chromosome 17 Incarion. 
Na' channcI gene defect 
Onsct In infancy. 
Precipitated by: rest after exercise, 
fasting and conling. 
Commences in proximal muscles. 
Repetitive muscle contractions 
produce increasing stiffness. 
EMG finding* are specific with 
marked spontaneous activfr~. in limb 
cooling. 
Trcurnimr. Na ' channel blockers, 
Tocainide or Mexlletine. 

Non-farnili~l hypokalaemic periodic 
paralysis may occur in panenrs 
sufFering from hyperthyroidfsim or 
on potassium-depleting diurctics. 
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METABOLIC MYOPATHIES 

A group of plenerimlly determined biochemical disorders o f  rnuqclt. charactrrised by myalgia, cramps, weakness 
and fatigue. There arc divided into conditions with rtduced exsrcr~e to/erance and those of rraric weakness. 

REDUCED EXERCISE TOLERANCE 

McArdle's disease - disorder of  carbohydrate mctabolisrn, - block in glymlytic pathway (phnrphorylase 
dcf  ciencv). 

cxertiw 
Clrnica//y: - Pain and r Muscles fail TO relax 

hardening of muscles. and contractinns occur 

Biochemically: Glymgen 

I 
t Glucose 6-phosphate 

Absence of phorphnqlase 
enzyme hiocks convcrsion 

Mgogiohin appears in the urinc 

Diapmsbs: Failure of serum lacrate to rise following exercisc. 
Muscle biopsy - absence of phorphorylase activtty with appmpriatc histochemical staining. 

Treatment with oral fructvrr may help. 

Carnitine palmityl deficiency - disorder of fatty acid metabohsm autosoma1 recessive localired to 
chromosome I. 
Clinically, rnusclc weakness and conrractures occur with exercise in childrcn nr adulrs, A failurc ro pmduce 
ketones folIowing prolonged fast and a normal elevation in remm laccatc follnwing exercisc differentiates rhis 
condition from McArdle's discase. Enzyme deficiency IS shown in biochemical asrav on muscle binpqy. 

STATIC (FIXED) WEAKNESS 

Acid maltase deficiency 
The  dcvclopment in adult life of limb girdle weakness charaaerise~ this disorder. In Tome, selective involvement 
of thc respiratory muscles causes respiratory failure. 
Acid rnaltase deficirncy occasionally presenrs in infancy with a floppy hypotonic wcahcss associated with an 
~mlarged tongue. 
Diqgtzoris: Confirmed hy mu~clc biopsy. 

Carnitine deficiency 
Autuvomal recessive lipid storage mypathy. In rysremic deficiency onset is in childhood wlth cardiac and liver 
invoivcment. Untreated this i s  fatal. In tntucle deficiency alone, prox~rnal weakness and exercise induced pain are 
solc manifestations. Muqcle biopsy shou ,~  lipid droplets. Plasma and rnusclc carnitine levelr are low. 
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MITOCHONDRIAL DISORDERS 

Thcse conditions are considered with muscle diseascs due to the frequency of muscle involvement. They are 
charactcrised by biochemical and genetic evidencc of mirochnndrial dysfunction, are maternally inherited nr 
sporadic and often show featurcs of multi-organ disease - rcnal railure, diabetes mellitus, cataract, deafness, 
cardiomyopathy. Neurological rnanifcstationr predominate. 

Certain spccific qyndromes are rccognised though overlap and diverain. of phcnotypc is common. 

CPEO {Chronic progressive external MERRF (Myaclonic epilepsy with raaaed red 
ophthaImop!egia) fibres) 
Ado1esccncc;adulr onset of  ptosis and ophthalmnplegia Adulr onset of myoclonus, seizures and ataxia 
(without diplopla) often associated with mild proximal occasionally asrociared with respiratory Failure. Disease 
rnyopathy. Whcn a~wciated with heart block and cxprcsslan i~ variable. 
rerinnparhy - Kcarns Sayre qyndrornc (KSS). Dsfjerentiare from orher typcs of mvoclonic epilepsy. 
D$jerent~arc from ocular myasthenia ( p a ~ c  14R). Irtrus~igarronr Elevated lactate i.c. scrum and CSE. 
lnoesrkations L a r ~ e  deletion in rnitochnndrial DNA 'Ragged red' fibrcs in muscle biopsy and point 
(rnt DNA) in skeletal muscle biopsy and serum. muraiion in tRNA Lys gene of mt DNA in skcl~tal 
P r ~ n u . v ~  good with very slow progression. Hean hlock muscle biopsy and serum. 
may require paclng. Progno.G is poor in fully expressed discase - death 

Tmm seizures or respiratory failure. 

MELAS (Mttochondrial encephalopathy, lactic CHON (Leber's hereditary optic neuropathy) 
acidosis and stroke-like syndrome) Adult subacute onset of loss of central vision, initially 
Adult onset of stroke-like episodcs (posterior unilateral hut hilatcral in all parients after 1 ycar. 
hem~rphere) associated with focal seizures and vssculas VisuaI acuirv may he reduced to hand movements only 
hcadachc. 'Strokeq' are not In vascular territories and due to marked optic aunphy. Maleifemalc ratio: 3:1. 
are due to failarc to util~se substrates rather than to a Dif,ferenrrare from optic neuriri~, alcohol~tobacco 
lack of them. amblyopia and anterior ischaemic optic neumpathv. 
D i f f e r e n r ~ a r ~  from other causes of 'young' stroke. It lzlesr~gat~nnr Several mt DKA murannns havc been 
Inue~rkaratrorir CTihlRI qhowp porteriorly placed detccted ~n serum. 
ischaernic changes, elcvarcd lactate in serum and CSF. Prognosis for visual recovery vasics and depends on rhc 
'Ragged red* fihres on muscle biopsy and two-poinr specific mutation, as do other accompanying 
mutation in tRNA Leu gene aTmt DNA. ncurnlogica1 features. In thc majority visual loss is 
Prognosis is variable. Seizures and headache foIlowcd irreversible. 
by 'crrokes' and eventual dementia 

NARP [Neuropathy, ataxia and retinitis 
pigtnen~sa) 
Adult onset of sensory!rnotor neuropathy, ataxia and 
chronlc visual impairment. T h e  rarest mirochondrial 
syndmmc. In some, shares a similar molecular basis as 
Leigh's syndrome and can demonstrate maternal, 
autosomal recessive or X linked ~nherirance. 
Diflermtlare from other causes of ataxic neuropadty 
e.g. Frc~dreich'q. 
Invtsltfarrnnr Point mutations mt DNA (ATPasc) 
detected in serum. 
Prwnnsis is uncertain, dementia occurs in time. 

Leigh's syndrome 
Infant or childhood onset of subacute necrorising 
encephalomyelopathy charncteriscd by psychomotor 
retsrdation, ataxla, optic atrophy and ophthaImoplegia. 
Differenriare from othcr causeq of progcssive 
enccphaIoparhy of childhood e.g, i n b r n  crrors of 
metabolism. 
Inz;eszigarims CT!MRI brain stcm chanaes, elevatcd 
Iactatc and pyruvate dehydrogenase cnrnplex in CSF 
and serum and various mutations at  Xp 22.1 and mt 
DNA (ATPase). 
lJrograos~s it: poor with carIv death. 

Therc is no proven therapy fur these cnnditions. Co-rnorhid conditions such as infection, cardiac invnIvernent and 
diabaes rneIlitus should be treatcd conventionally. Pharmacr,logic therapies that mag bypass hiochcmical defects 
are worth using e.g. L. Carnitinc, Ubiquinone, riboflavin, thiamine and free rad~cal scavengers (Vim C and E). 



LOCALISED NEUROLOGICAL DISEASE AND ITS MANAGEMENT C PERIPHERAL ME RVE AND MUSCLE 

MYASTH ENIA GRAVIS 

I Myasthenia gravis is a disorder of neurornuscular transmission characterised by: 
! - Weakness and fatiguing of some or all muscle groups. 

I 
- Weakness worsening on sustained or repeated exertion, or towards the end of the day, 

1 
I, 

relieved by rest. 
This condition is a consequence of an autoimmune destruction of the KECOTINIC 

POSTSYNAPTIC RECEPTORS FOR ACETYLCHOLINE. 

I Myasthenia gsavis is rare, with a prevalence of 5 per 100 000. The increased incidence of 
I autoimmune disorders in patients and first degree relatives and the association of the 

disease with ccrtain histocompatibility antigens (HLA) - R7, RFI and DR2 - suggests an 
IMMUNOLOGICAL BASIS. 

AETIOLOGY t I 

SYNAPTIC YESlCLES 

nbL Release of acetylcholine from vesicle 

,.- CHOLlNERGlC RECEPTOR SITES 

An immune process -LfLm 
attacks the neuromuscular junction 

Antibodies bind to the receptor sites resulting in their destruction (complement mediated). 
These antibodies are referred to as ACETYLCHOLINE RECEPTOR ANTIRODIES. 
(AChR antibodies) and are demonstrated by radioirnmunoassay in the serum of 90% of 
patients. 

Human purified IgG (containing AChR antibodies) injccted into mice induces myasthenfa-like disease in these 
recip~cnt animals. 

In human myasthcnia gravis a reduction of acetylcholine receptor sites has been dernonstrafcd in thc postsynaptic 
folds. Rcduced receptor synrhesis and increased receptor destruction, as wcll as the blocking of receptor response 
to acerylcholine, all qeem responsible for b e  disorder. 

The r6le of the thymus: Thymic abnormalities occur in 80% of patients. The main function 
of the thymus is to effect the production of T-cell lymphocytes, which participate in 
immune responses. Thymus dysfunction is noted in a large number of di.sorders which 
may be associated with m yasthenia gravis, e.g. systemic lupus erythematosus. 



LOCALISEO NEUROLOGICAL DISEASE AND ITS MANAGEMENT C PERIPHERAL NERVE AND MUSCLE 

MYASTHENIA GRAVIS - PATHOLOGY 

Changes are found in the THYMUS gland and in muscle. 

with lymphoid encapsulate tumoua 
follicles of Iymphoid and 
demonstrating epithelial cells which 
germinal centres may be locally 

invasive but rarcly 
metastasises. 

Muscle biopsy may show abnormalities: 
- Lymphocytic infiltration associated with small necrotic foci of muscle fibre damage. 
- Muscle fibre atrophy (type 1 and I1 or type TI alone). 
- Diffuse muscle necrosis with inflammatory infiltration (when associated with thymorna). 

Motor point biopsy may show abnormal motor endplares. Supravital methylene blue 
staining reveals abnormally long and irregular terminal nerve branching. 
Light and slcctron microscopy show destruction of ACh receptors with simplification of 
the secondary folds of the postsynaptic surface. 

CLINICAL FEATURES 
Up to 90% of patients present in early adult life (<40 years of age). Female: male ratio 21. 
The disorder may be selective, involving specific groups of muscles. 
Several clinical subdivisions arc recogniscd: 
Class 1 - ocular muscles only - 20% 
Class 2 - Mild gmeralised weakness 
Class 3 - Modcrate generalised and mild to 

modcrate ocular-bulbar weakness 80 % 
Class 4 - Severc gcneralised and ocular-bulbar weakness 
Class 5 - Myasthenic crises 

Approximately 40% of class I will eventually become widespread. The  rest remain 
purely ocular throughout the illness. 
Respiratory muscle involvement accompanies severe illness. 



LOCALISED NEUROLOGICAL DISEASE AND ITS MANAGEMENT C PERIPHERAL NERVE AND MUSCLE 

MYASTHENIA GRAVlS - CLllNlCAL FEATURES (conrd) 

Cranial nerve signs 
and symptoms 

- Ocular involvement 
produces ptosis and 
muscle paresis. 
- Weakness of jaw 
muscles allows the 
mouth ro hang open. 
- Weakness of facial 
muscles results in expressionless appearance. 

- On smiling, 
buccinaror weakness 
produces a 
characteristic smile 
(myasthenic snarl). 

Bulbar involvement may result in: 
- dysarthric dysphonic speech and dysphagia. 
- nasal regurgitation of fluids - nasal quality ro speech. 

fl 

Weakness of , . . . and - . . . in the same patient is charac-teristic. 
eve opening . . . (prosis) closing . . . (failure to 'bury' eyelashes) 

T h e  demonstration of farigztiqq is important in reaching diagnosis and in monitoring the 
response to treatment: 

SECONDS SECONDS - 'Look upwards" .-_.-----, ---_-_--, - Ptasis becomes apparent and the 
eye drifts to neutral position 

/--- /-- SECS SECS - n 
'Look left' e, ------ - 1 4 .--- --* &I t- 

Fatiguing of other bulbar muscIes may be 
demonstrated by: 
- blowing out cheeks against pressure. 
- counting as far as possible in one breath, etc, 

Ptosis becomes apparent and a 
dysconjugate drift develops 

The tongue occasionally shows the characteristic triplc grooved appearance with two 
lateral and one central furrow. 

Limb and trunk signs and symptoms 
Weakness of neck muscles may result in lolling of the head. Proximal limb muscles are 
preferentially affected. Fatigue may be demonstrated by movement against a constant 
resistance. 

Limb reflexes are often hyperactive and fatigue on repeated testing. 
Muscfe wasting occurs in 15% of cases. 
Stress, infection and pregnancy and drugs that alter neuromuscular transmission all 

exacerbate the weakness 

Natural history: 1O0' of patients entered a period of remission of long duration. 
(Before treatment 20% experienced shora periods of remission ( 1  tn several months). 
became available) 30% progressed to death. 

T h e  remainder showed varying degrees of disability accentuated 
by exercise. 



LOCALISFD NEUROLOGICAL DISEASE AND ITS VANAGEMENT C PERIPHERAL NERVE AND MUSCLE 

MVASTH ENlA GRAVlS - DIFFERENTIAL DIAGNOSIS 

Distinguish from: 
- T h r  patient who complains of fatiguing easilv - neurotic, hysterical or dcprcsscd 
individual. 
- The patient with p r ~ g r e ~ s i v e  ophthalmoplegia, e.g, mitochrondrial myopathy, 
oculopharangeal dystrophy. 
- The patient with rnultiplc sclerosis - diplnpia, dysarthria and fatigue with a relapsing and 
remitting course. 
- The  patient with the Larnbert-Eaton myasthenic syndrome (see page 529). 

M S T I G A T I O N  
SEROLOGICAL 

PHAWVIACOL~GICAL Acetyicholine receproi antibodies arc- 
Antichofinesretase dmgs are uscd to detected in 90% of patients and a r t  1 
confirm diagnosis. virtually specific to this disease. In 1 

Tensilon (edrophonium) - short ocular rnyasthenia, only 60'%1 show 
action, 2 4  minutes, given i.v. 2-10 rng antibodies. Magnitude of titres 
slowly, with atropine available to correlates with disease severity. 
counter muscarinic side cfkcts (nausea Orher antibodies e.g. microsomal, 1 and bradycardia). This is positive when colloid, rheumatoid factor, gastric 
noticeable improvement in weakness parietal cell antibody - are occasionally 
occurs on objective testing. A control found. Thesc reflect the overlap 
injection of saline is useful, especially bctween rnya~thenia gravis and other 
when assessing limb weakness only. The  autoimmune disorders. 
Tensilon rest may be negative in ocular Anti striated muscle antibodies are 
myasthenia and give a false positive found in 301% of all patients and in 
in the Lambert-Eaton syndrome. 90% of those with thymorna. 

1 
ELECTROPHYSIOLOGICAI. 

Reduction of the amplitude of the compound muscle action potential evoked by 
I repetitive supramaximal nerve stimulation - 'the decrementing response'. 

Various rates of stimulation; 
even as Iow as 3lsecond 
may produce a 

I decrementing response. 
Single fibrc c~cctromyography - measurc of 'Jittcr' - thc timc intcrval variability of action potentials 

from two single muscle fibres of the same motor unit - is a more sensitive index of neurumuscular 
function and i s  increased (95% of mild cnses are abnormal). 

ADDITIONAL - 

Chest X ray will show a 
large mediastinal maw 
but will not exclude a 
small thymoma. CT of 
chest should he 
performed in all newly 
diagnosed cases. 



LOCAtlSED NEUROLOGICAL DISEASE AND ITS MANAGEMENT C. PERIPHERAL NERVE AND MUSCLE 

MYASTHENIA GRAVIS - TREATMENT 

In severely ill patients, the first priority is to protect respiration by intubation and, if 
necessary, ventilation. 
Anticholinesterase drugs 
This is the longest established form of treatment (1930s). 

Anticholinesterase drugs inhibit cholinesterase, the enzyme responsible for the 
breakdown of acetylcholine, allowing enhanced receptor stimulation. As a result, mare 
acetylcholine is available to effect neuromuscular transmission. 

ANTICHOLINHSTEMSES DURATION OF ACTION METHOD OF ADMINISTRATION 

Edrophoniurn - - Intravenous 
Neostigrninr - - Intravenous, intramuscular, oral 
Pyridostigmine - 

4 min 2 hours 4 hours 

A rnuscarlnic inhibitor, atropine, may be required to counter side effects. (nausea, 
vomiting, diarrhoea, muscle fasciculations and increasing weakness). Anticholinesterases 
rarely give complete symptomatic relief and large doses can result in a cholinergic crisis 

- worsening weakness 
- increased sweating, saliva and bronchial secretions 
- small pupils (miosis) 
- eventual respiratory failure. 

Atropine may mask early warning symptoms of this potential life-threatening state. 

Steroids 
Because this disorder is imrnune-mediated steroids are a logical choice in generalised and 
occasionally severe ocular disease, Prednisone 60 rnglday is initially used, Deterioration 
may brieflv occur before improvement. Once a response occurs, dosage is reduced to 
alternate days. 

Jmrnunosvppressants other than steroids 
These drugs (azathioprine, cpclephosphamidc and cyclosporine) are considered in patients 
who do not rcspond TO steroids or who require an unacceptably high steroid maintenance 
dnse. 

Thyrnectomy 
There are two indications for this: 
1. When thyrnoma is present 
2. When myasthenia is generalised and benefits of surgery ourweigh risks. 
Trans-sternal is prefcrrcd to supra-sternal approach giving better chance of total clearance. 
Within 5 yrs of surgery 80% of patienrs are in remission. 



LOCALISED NEUROLOGICAL DISEASE AND ITS MANAGEMENT C PERIPHERAL NERVE AYD MUSCLE 

MYASTH ENIA GRAVIS - TR EATM ENT (contd) 

Plasrnaph~resis 
Plasma Filtration removes antibodies and other circulating factnrs and has shorr term benefit ( 4 b  weeks). A 
plasma vt~lurne of 1.5-2 litres is exchanged 3-5 rimes over a M day period. The technique is expensive and 
rarnes risks (hypotension, rnetabollc disturbance and thrombo-embolism). It  is used to stabilise refractory casts 
and prior to tl~yrnecromy in severe discase. 

fmmwno~lobrt fin (TVIG) 
May he used in place of plasmapheresis at  a dose of 4 0  mg per Kg intravenously daily for 5 days. Mechanism 
may act by blocking ACh receptors. A positive response (75% of patienrs) lasts for 2-7 months. Treatment 1s 

expensive and long term effects and complications unknown. 

SUMMARY OF TREATMENT 

MY ASTHENIC ~ M ~ M A  I = Thymenomy i Saroidr!Plasmaphcresis~IVlG 

PATIENT / rn 

Either sreroids f Other imrnumsuppressants 
F R c 

0 E: I 
0 S 
R P 

0 
N 
S 

! 
Or TYTG Steroidslother immunosuppressanrr; 

E - 

Anticholincst~asc~ should not be rcquised throughout the whole illness. When immunnIngical conrroI of the 
disease is obtained, thcse drugs may he stopped. 

EMERGENCY TREATMENT - MYASTHENJCSCHOLINERGIC CRISES 
- Identify and treat precipitating cause, e.g. infection, drug interaction or overdose 
- Sit patient ar 45 ', clear airway, give nasal O2 and if overt respiratory failure - intubate 
and ventilate for as long as required. 

Myosrhenic crisis Cholinergic crisis 
- IV neostigmine 8-12 rng124 hrs - Withdraw all anticho1fnesterases 
- sc. atropine 0.5 mg tds - Monitor respiratory function (vital capaciry) 
- Prednisilone I00 mg daily - Wean from ventilation when appropriate 
- Consider plasmapheresis or IVIG - Re-introduce oral anti-cholinesterases in 
- Change IV to oraZ anticholinesterases low dose and gradually increase 

when able to swallow 

NEONATAL form of myarthenis gravit: this devcIops in a numbcr of infants of myasthenic mothers. 
- Suggested bp ponr cyinglsucking and floppy limbs. 
- Presents within 48 hours of birth and may persist until the end of 3rd month. 
- Caused by passivc transplacental passage of IgG ~acerylcholine receptor anrihodies). 
- Trcatmcnt with anticholincstcrases is required until spontaneous recovery occurs. Remission occurs following 
exchange transfusion. 
Th~s  dtsordcr may occur in infants even when their mother has heen in remission for many years. 

€:ONGENITAL form of myasthenia gravis 
This usudllp Lvlmmcnccs in ~nrancy and pesrists through adult life. Receptor antibodies are not found and the 
disease may result from structural abnormalities nf the receptors chcrnselves. (A numbrrr o f  such disorders have 

468 been identified.) Thymecromy is contraind~cated tn t h i s  disorder. 
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MULTIIFOCAL NEUROLOGlCAL DISEASE AND ITS MANAGEMENT 

BACTERIAL INFECTIONS - MENINGITIS 

ACUTE BACTERIAL MENINGITIS 
Acute bacterial meningitis is an acute infection of the subarachnoid space and meninges 
characterised by polymorphonudear cells in the cerebrospinal fluid. Bacteria may invade 
the subarachnoid space directly by spread from contiguous structures, e.g. sinuses, or more 
commonly, indirectly from the bloodsueam. 

Causative organisms 
In neonates - Gram -ve bacilli, e.g. E. cola; Klebsielia. 

Haemophilus influenzm. 
In children - Haemophilus influenza. Pneumomccus (Strep. pneumoniae). 

Meningococcus. {Neisseria meningitidis}. 
In aduIts - Pneumococcus. Meningococcus. 

Other bacteria - Ldsseria mmocytogenes, Streptococclas pyogenes and SraphyZococcus caureerr 
- are occasionally responsible. 

Host factors (congenital or acquired immune deficiency, hyposplenism and alcoholism) 
predispose to infection. as do environmental factors (overcrowding and poverty}. 

Infections of mixed aeuology (two or more bacteria) may occur following head injury, 
mastoiditis or iatrogenically after lumbar puncture. 

Pathology 
The presence of the blood brain barrier limits host defence mechanisms and enables 
multiplication of organisms. 

A purulent exudate most evident in the 
membrane basal cisterns extends throughout the 

Polymorpho- subarachnoid space. 

nuclear exudate The underlying brain, although not 
invaded by bacteria, becomes congested, 
oedematous and ischaemic. 

Cerebrum The integrity of the pia mater 
normally protects against brain abscess 
formation. 

The inflammatory exudate may affect vascular strucrures crossing the subarachnoid 
space producing an arteritis or venms thrombophlebitis with resultant infarctim. Similarly, 
cranial nerves may suffer direct damage. 

Hydrocephalur can result from obstruction to CSF flow in the ventricles and 
subarachnoid space. 

Clinical 
The classical clinical triad is fever, headache and neck stiffness. 

Prodromel features (variable) 
A respiratory infection 
otitis media or pneumonia 
associated with muscle pain 
backache and lethargy. 

Meningitic symptoms 
Severe frontal~eccipital headache 
Stiff neck 
Photophobia. 



MULTiFOCAL NEUROLOGICAL DISEASE AND ITS MANAGEMENT 

ACUTE BACTERIAL MENINGITIS 

Clinical (contd) 
Systemic s k s :  - 

Meningitic signs: 
Neck stiffness - 
gentle flexion of 
the neck is met 
with boardlike 
stiffness - - - - - - 

High fever. Transient purpuric or petechial 
skin sash in rneningococcal meningitis. 

Kernig's sign - 
stretching the 
lumbar roots 
produces pain - - - 

Associated neurological s i p s  
- Impaired conscious level (90%) 
- Focal or generalised seizures are frequent (30%). 
- Cranial nerve signs occur in 15% of patients. 
- Sensorineural deafness (not due to concurrent otitis media but to direct cochlear 
involvement) - 20% 
- Focal neurological signs - hemiparesis, dysphasia, hernianopia - occur in 10%. 
Non-nelarological complications 

Shock 4 Meningitis Arthritis 
(direct infection 

complex deposition) 
Inappropriate 
Secretion of ADH 

Coagulation disorders: Acute bacterial 
Thromboc ytopenia - disseminated intravascular coagulation. endocarditis 

Features specific to causative bacteria 

Generally occurs in small 
children. Preceding upper 
respiratory tract infecrien. 
Onset abrupt with a brief 
prodrome. 

Outcome 
Generally good 
Less than 5% mortality. 

Meningococcal meningitis 

Often occurs in epidemics 
where the organism is 
carried in the nasepharynx. 
Septicaemia can occur 
with arthralgia; purpuric 
skin rash. When 
overwhelming, confluent 
haemorrhages appear in 
the skin due to disseminated 
intravascular coagulation. 

Gradual onset - good prognosis. 
Sudden onset with 
septicaemia - poor outcome. 
Overall mortality - 10%. 

P~eumocaccal meniw-tis 

PredominantIy an adult 
disorder. Usually 
associated with 
debilitation, e.g. 
alcoholism. May result 
from pneumonia, middle 
ear, sinus infection or 
folIow splenectomy. Onset 
may be explosive, 
progressing to death 
within a few hours. 
Mortality - 20%. 
Poor prognostic signs - 
coma, seizures, low cell 
count in CSF. 47 1 



MULTIFOCAL NEUROLOGICAL DISEASE AND ITS MANAGEMENT 

ACUTE BACTERIAL M EMINGITIS 

Investigations 
1. If patient is in coma or has papilloedema or focal neurological signs + exclude an 
intracrauial mass with a CT scan. If the patient is deteriorating rapidly, or has a bleeding 
disorder that cannot be rapidly corrected, take off blood cultures and cornmenee antibiotics 
(see below) prior to scanning. 
2. If above signs are absent or CT scan excludes a mass lesion -I confirm diagnosis with a 
lumbar puncture and identify the organism. 
CSF axami?aatiofi - moderate increase in pressure < 300 mm CSF. 

- Gram stain of spun-down sediment. 

Gram -I- ve paired cocci Gram - ve bacilli Gram - ve intra and exmacellular cocci 
= pneumococcus = haemophilus = meningococcus 

- cell count is elevated, 100-1 0 000 cells~mm3(8&90 % polyrnorphonuclear leucocytes). 
- glucose is depressed. 
- enzyme lactic dehydrogenase is elevated. 
- culture CSF 

Serological~irnmecla~Io~ical tests 

- countercurrent irnrnunoelectrophoresis detects capsular antigen in CSF; leads ro rapid 
diagnosis if CSF microscopy is unhelpful, especialIy if patient has already started 
antibiotics. 

Blood cultures 
- Organism isolated in 80% of cases of Haemophilus meningitis. 
- Pnwmacoccus and meningococcus in less than 50% of patients. 

3. Check serum electrolytes. 
- important in view of  the frequency of inappropriate antidiuretic hormone secretion in 

meningitis. 
4. Detect the source of infection. 

- Chest X-ray - pneumonia 
- Sinus X-ray - sinusitis 
- Skull X-ray - fracture 
- Petrous views - mastoiditis 

Treatment 
Once meningitis is suspected, treatment must commence immediately, often before 
identification of the causative organism. Antibiorics must penetrate CSF, be in appropriate 
bacteriocidal dosage and be sensitive to causal organism once identified. 

Initial therapy (before organim identification) 
Neonates (above 1 month) - ampicillin, + aminoglycoside and cephalosporin 
Children (under 5 years) - ampicillin, + cephalosporin 
Adults - penicillin G, or cephalosporin 

472 Immunocomprornised patient - ampicillin i- cephalosporin 
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ACUTE BACTERIAL M ENINGITIS 

Treatment (contS) 
Therapy after organism idmtdficarion 

Duration 
Meningococcus 

continue for at least 1 week after afebrile. 
Haemophilu 

ALTERNAT~VB 

THERAPY 

Ampicillin 
Cefuroxime 

Chloramphenicol 
Cefotaxime 
Cefuroxirne 

Chloramphenicol 
Cetatmin 

Ampicillin 
Gentamicin 

ChIoramphenicoI 
Cotrimoxazole 

Pneumococcus - continue for 1&14 days after afebrile. 

ORGANISM 

Haemqphzlus 

- 
Pneumomccus 

Meningococcus 

E. cali 

Lisreria 

Monitoring 
In a deteriorating patient, CT scan will exclude the development of hydrocephalus, 

abscess or subdural empyema. In suspected sinus thrombosis MR venography may be 
required. 

Remove any source of infection, e.g. rnastoidectomy or sinus clearance. 
In rneningococcal meningitis the risk to household contacts is increased (500400 x) and 

chemoprophylaxis should be offered - rifampicin 600 mg b.d. for 48 hours. Vaccines are 
also available. 
In the critically iI1, intensive supportive therapy may be required. Recent trials in 

children suggest that adjunctive therapy with steroids (dexarnethasone) improves outcome - 
this may be due to reducing cytokines, released when organisms are destroyed, In aduks 
benefit of steroids is less certain. 

CHILD 

m g / k g / h ~  

100 
200 

180 

180 

200 

200 
5-7 

ANTIBIO~C 

Chloramphenicol and/ 
or cefotaxime 
pp 

Benzylpenicillin 

Benzylpenicillin 

Cefotaxime 

Ampicillin , gentamkin 

Mmingiris'sJCSF shunts 
Meningitic infection may follow CSF drainage operations for hydrocephalus. This may 
occur in the imrne&at.e postoperative period or be delayed for weeks or months. Clinical 
features of raised intracranial pressure may coexist due to shunt: blockage. Bacteraemia is 
inevitable and blood cultures identify the responsible organism - usually Staphylococcus 
albw. The infection seldom resolves with antibiotic therapy alone and shunt removal is 
usually required. 

ADULT 

2 4  g / d a ~  
6-12 glday 

20 million units 

20 million units 

6-12 glday 

8 dday 
(5-7 mglkglday) 



MULTIFOCAL NEUROLOGICAL DISEASE AND ITS MANAGEMENT 

BACTERIAL 1NFECTIONS - CNS TUBERCULOSIS 

Tuberculosis is an infection caused in man by one of two mycobacteria - Mycobacrerium 
tuberculosix and Mycobacterium boois. The  disease involves the nervous system in 10% of 
patients. 

MENXNGITIS 
This is the commonest manifestation of tuberculous infection of the nervous system. In  
chddrm, it usually results from bacteraemia following the initial phase of primary 
pulmonary tuberculosis. 

In adults, it may occur many years 1 .  
after the primary infection. 

Following bacteraemia, 
metastatic foci of infection 
Iodge in: 

1. Meninges 
2. Cerebral or spinal rissue 
3. Choroid plexus 
Rupture of these encapsulated foci results in spread of infection into the subarachnoid 

space. In adults, reactivity of metastatic foci may occur spontaneously or result from 
impaired immunity (e.g. recent measles, alcohol abuse, administration of steroids). 

The clinical features of tuberculous meningitis (TEM) result from: 
- Infection. 
- Exudation - which may obstruct the basal cisterns and result in hydrocephalus, 
- Vasculitis - secondary to inflammation around vessels, resulting in infarction of brain 

and spinal cord. 
The basal meninges are generally most severely affected, 

Cllnical features 
The majority of patients are adults; childhood TBM is now rare. Non-specific prodromal 
symptoms develop over 2-8 weeks. 

Stage 1 (earty) Stage 2 {i~termediate) Stage 3 (advanced) 
Non-specific symptoms Confusion I) Coma 
- Fever (in 80%) Cranial nerve paresis 
- Lethargy 

Vasmlitis + Quadraparesis 
Ataxia 
D ysarthria 

Staging is useful for predicting outcome. 
Seizures m a y  occur at the onset. Involuntary movements (chorea, myocfonus) occur in 

10%. 
Atypically the illness may develop slowly over months presenting with dementia or 

rapidly Iike pyogenic (bacterial) meningtis. Occasionally cerebral features prevail rather 
than signs of meningitis. 

Untreated, the illness may progress from phase 1 to death over a 3-week period. 

474 
Arachnoiditis inflammatory exudate may result in hydrocephalus/dementialbIindness. 



MULTIFOCAL NEUROLOGICAL DISEASE AND ITS MANAGEMENT 

TUBERCULOUS MENINGITIS 

Investigations 
General: Anaemia, leucocytosis. Hyponatraemia (if inappropriate ADH secretion occurs). 

Cerebrospinralfhid: A lymphocytic pleocytosis is usually present, though in acute cases 
polymorphonuclear cells may predominate - 500/rnm3. (range 504000/mm3) 

The protein is elevated - 1-5 g/l. 
The glucose lwel is usually less than two-thirds of simuItaneously measured blood 

glucose. 
Microscopy (Ziehl Neelsen stain) reveals acid-fast bacilli in 20% of patients. 
CSF culture (6 weeks in Lowenstein-Jensen medium) should confirm the diagnosis. 
Polymerase chain reaction (PCR) is increasingly available for the detection of bacterial 

DNA. 

Chest X-ray: Reveals changes of old or recent tuberculosis in 5&70% of adults and 90% 
of children. 

PPD skin test (tubercculliPz) : Positive to intermediate strength in 60%. Patients developing 
TBM while on steroids or with recently acquired primary tuberculosis may give a negative 
response. 

CTIMRI: Shows meningeal enhancement on basal views, ventricular enlargement, 
associated infarction and tuberculomas in 10% (see page 347). 

Diagnosis 
Diagnosis is based on the clinical presentation with characteristic CSF findings. Even if 
Ziehl Neelsen staining is negative, in view of the progressive disease course do not await 
the resdts of cultures before starting treatment. 

DIFFERENTIAL DIAGNOSIS of 
subacut-ute/chronic meningitis 
(see pages 497, 498). I Viral meningoencephalitis (with normal CSF sugar). 

Carcinomatous meningitis (with high CSF protein, 
low CSF sugar). 

Partially treated bacterial meningitis. 
Fungal meningitis. Sarcoidosis. 

Treatment 
If suspect, commence wtituberculom rreatment. 
Recommended treatment propaname: 
Normal regime: 

~soniazih (300 mg daily) 2 months Isoniazid 
Rifampicin (600 mg daily) - 6 months Rifampicin 
Pyrazinamide (15-30 mg/kg daily) 

Drug resistance suspected due to previous antituberculous therapy, e.g. 
- Third World countries 
- History of previous infection. 

-, Add a fourth drug - streptomycin (1 g daily) or etharnbutol (25 mglkg daily). 
Isoniazid and pyrazinamide penetrate meninges well; other drugs penetrate less well 

especially when the inflammation begins to settle. 



MULTlFOCAL NEUROLOGICAL DISEASE AND ITS MANAGEMENT 

TUBERCULOUS MENINGITIS 

Treatment ( c o d )  
Side effects: 
- lsoniazid m a y  produce peripheral neuropathy - protect with pyridoxine 50 mg daily. 
- Ethambutol may produce optic atrophy - check colour vision. 
- Streptomycin may cause 8th cranial nerve damage (vertigo and deafness). 
- Nausea, vomiting, abnormal liver function and skin rashes may occur with all 
antituberculous drugs. 

Intrathecal therapy: Since CSF penetration, especially with streptomycin, is poor, some 
recommend intrathecal treatment. Streptomycin 50 mg may be given daily or more 
frequently in seriously ill patients. 

When obstructive hydrocephalus occurs, combined intraventricular (through the shunt 
reservoir or drainage catheter) and lumbar intmthecal injections may be administered. 

Steroid therapy: Many clinicians combine antituberculous therapy with steroids in h e  hope 
that these will minimise the risk of obliterative endarteritis and arachnoid adhesions. 
Although benefits we uncertain, steroids are recommended in patients with: 
- deteriorating conscious level 
- progressive neuroIogica1 signs 
- evidence of spinal block. 

Hydrocephalus 
Progressive dilatation of the ventricles impairing conscious level requires CSF drainage - 
either temporari1y with a ventricular catheter (permining intraventricular drug 
adrmnistsauon) or permanently with a vemrirruloperitonallatrial shunt. Surgery may also 
be considered for co-existent tuberculornas and tubercuIous abscesses though these often 
resolve with drug therapy. 

The c o m e  af treated tuberculous meningitis 
Outcome is itlfluenced by the  patient's age, general state of health, timing of initiation of 
treatment and the development of arachnoiditis and vascular complications. 
Treatment in early stages is associated with a 10% mortaIity, in later stages with a 50% 
mortality. Of those who survive, neurological sequelae persist in 30% - herniplegia, 
hypothalamiclpituitary dysfunction, blindness, deafness, dementia and epilepsy. 

With treament, CSF sugar quickly returns to normal; the cellular reaction gradually 
diminishes over M months; the protein level may take a similar time to return to normal. 

Tuberculous meningitis in AIDS 
A typical mycobacteria such as M. adurn and for t~i tum should be considered. Response 10 
treatment is generally good. TBM tends to occur in the earlier phases of immunodeficiency 
with CD4 T cell count, at t400 per m3. 
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OTHER FORMS OF CNS TUBERCULOUS INFECTION 

TUBERCULOMAS OF TEE BRAIS 
Tuberculornata may occur in cerebral hemispheres, cerebellum or brain stem with or without tuberculous 
meningitis, and mag produce a space-ompying effect. They consist of caseating granulomas made up of 
epitheloid cells and nacropheges containing mycobaaeria. Lesiona may be single or multiple. CT and MRI 
demonstrate lesions but appearances are not pathognomonic. Most resolve over a few weeks with anrimbercuIous 
therapy. 

POTT'S DISEASE 
Chronic epidural infection foilown tuberculous o s ~ ~ m y e l i t i s  of the vertebral lmdies. This arises in the lower 
thoracic region, can extend over several segments and may spread through the intervertebral fararnm into pl-, 
peritoneum or psoas muscle (psoas abscess) - see page 390. 

TUBERCULOUS MENINGOM YEL ITIS 
Infection of the leptomeningeg results in an exudate that encases the spinal cord and nerve rmts. This pmducm 
back pain, paraesthesia, lower limb weakness and loss of bowel and bIaddw conrrol. Imaging may be normal while 
CSF shows high protein, lymphocytes and rarely acid fast bacilli. This disorder is now more frequent in AIDS 
patients. Differential diaguosis includes cpornegalovirus, cryptocmcus, syphilis and lymphoma. Laminemamy and 
meningeal biopsy may be required to establish diagnosis. When suspected, empirical theory with antituberculous 
drugs i s  appropriate. 

Clinics1 features: 

May reault from downward -- - -- ---- -Ascending myelitia 

spread of intracranial 
infe~tion Raot involvement 

or direct spread from 
epidural infection. 

3p- ------. Occasionally arises from rupture 
of focal metastatic focus; 
resultant infection i s  
confined to the spinal level. 

Results in - Weakness 
- pyramidal, and segmental. 

- Root pain. 
- Sensory Iws. 
- Sphincter disturbance. 

TUB6RCULOUS ENCEMiALOPATHP 
An autoimmune encephalopathy with f e a m s  of acute allergic encephalomyelitis or haemorrhagic 
leukoenaephalopathy (page 51 1) may complicate the course of mberculous infection and contribute signifimntly to 
the neurological sequelae. Clinically, convulsions and deepening coma with extensor posturing charaaerise this 
mrnplication. 
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SPIROCHAETAL INFECTIONS OF THE NERVOUS SYSTEM 

SYPHZLTS 
This infectious disease is caused by the spirochaete Trepmema pallidton. Entry is by: 

- inmlation through skin or m u m s  membrane (sexually transmitted) - acquired syphiIis. 
- transmission in utem - mngenital syphilis. 

Up to 10% of patients with HIV will test positive for syphilis. MI patients with newsyphilis should be tested for 
this. 

INFECTIOUS STAGE ,I LATENT PGRmW I LATE STAGB 
I I 

25% develop I 1 

meningitis from I I (non-infectious) 

2-8 weeks 6 months onwards 1 I Gumma in - skin 

I I - liver r - - - - - - - 1  
I \ I I - h n e  

6 weeks I \ I Variable 
I 

I 
L , , , , - - - - - - - - - - - - - , -, , , , , , , , , , 

I f I 

I 
MUCOCUTANBOUS 

1 
PRIMARY I 1 Vascular 

SORE - macuIar rash 1 1 involvement 

HFN-5 and SYSTEMIC 1 I CNS invoIvwnent 
SIMFTOMAT43LOGY I 

1 1 (only 7 % of all 
- hepatitis I I cases of untreated 
lymphadenitis. I I syphilis). 

! I 
I 

PRtMARY PHASE SECONDARY PRASE 2 years I TBRTIARYPHASE 

The chmcre or primary sore on ski or mucous membranc represents the local tissue response to inoculation and 
i s  the first clinical event in acquired syphilis. 

The organism, although present in all lesions, is more easily demonstrated in the primary and secondary phases. 
In congenital syphilis fetal involvement can occur wen though many years may elapse &n the mother's 

primary infection and conception. 
Widespread remgnition and efficient treaunent of the primary infection have greatly reduced the late or tertiary 

consequences. 
Not all patients untreated in the semndary phase progress to the terriary phase. 

In HIV patients the neurological complicarions occur earlier and advance more quickly. 

Invmtigatiom 
Spirochaetes can be demonstrated microscopimlly by dark field examination in primary and secondary phase 
lesions. 
Serologiml diagnosis depends on detection of antibodies. 
1. Nm-specific (Reagin) antibodies (IgG and IgM). 

Reagin tests involve comp1ement fixation. 
The Venereal Disease Rpsearch Laboratory (VDRL) test is the commonest and when strongly positive indicates 
active disease. (may be negative in HIV). 

2. Specific lreponemal antibodies (do not differentiate between past and present infection). Pluorescerrt 
treponemal antibody absorption (ITA) test and Treponema inmobiliaation (TPI) test. 
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SPIROCWAETAL INFECTION - NEUROSYPHILIS 

t T h e  initial went in aeurosyphilis is meningitis. Of all untreatpd patients 25% develop an acute symptomatic 
syphilitic meningitis wirhin 2 years of the primary infection. 

ACUTE SYPHILITIC MENINGITIS: Three clinical forms are recognised: 

The majority are 
asymptomatic and 1. Aaymptmwatic 

revealed only by 
2. Aseptic mingitis - fever rash in 50% of cases, 

malaise, neck st i f ipsa.  
lumbar puncture 
if performed. 

3. Amte b m l  
meningitis - hydrocephalus 

cranial nerve palsies (especially 7th, 8th) 
papilloedm. 

CSF - lymphocytwis, 10G1000 cells/mm3, 
elevated protein (0 .52 gll), 
glucose reduced, 
Reagin t es ts  positive. 

Treatment during either the primary infection or 
the secondary stage prevents the late manifestations. 

If untreated 

-------------- - --  
LATE NEVROLOGICAL MMMSCATIONS 

NON-NBUROCOGIW meningov~scular syphildr - 5-10 years 
LATE: spinal syphilzs I@-15 years 1 
MANmaSTATTONS ' E I after the primary infection 

e.g. aortitis. optic atrophy IS15 years 
93% general paresis 1520 years 
i tubes dorsaIis 15-20 years 

REMAINS LATENT 

bite neurological mmplicarions occur in only 7% of untremted cases. 
These forms are atceprionally rare and the clinical syndromes mentioned above seldom occur in a 'pure' fom. 

MENINGOVASCULAR SYPHILIS 
'Early' late mamfestation resulting in an obliterative endarteritis and pefiarteritifl. 

Presents as a 'stroke' in a young person - hemisphere, brain stem or spinal. Granulations around the babe of the 
brain may produce cranial nerve palsies or even hydrocephalus. 

CSF - lymphocytes 100(mm~, protein 1, gammaglobulin 1, positive serology. Peniciilin arrests progression. 

SPINAL SYPHlLlS 
Chronic meningitis with subpial damage to the spinal cord. 

Presents as a progressive paraplegia, o~casiomlly with radicular pain and wasring in upper limbs - ERB's 
PARAPLEGIA. CSF - as meningovascular syphilis. Penicillin arrests progression. 

OCULAR MANIFESTATIONS 
Meningitis around optic nerve with subpial necrosicl may be the only manifestation of late syphiIis. 
Presents as a mnstriction of the visual fields with a progressive pallor of the optic disc: 

- if both eyes are affected, the vision is rarely saved. 
-if only one eye is involved, treatment with penicillin will save the other. 

Neumretinitis, uveitis and chorioretinitis occur, especially in HIV patients. 
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SPlROCHAETAL INFECTION - NEUROSYPHILIS 

GENERAL PARESIS 
Charactcrised by dementia - with memory impairment, disordered judgement and disturbed affect - manic 
behaviour, delusions of grandeur (rare). 

There are two phases: 1. Pre-paralyric - with progressive dementia. 
2. Paralytic - when cortimspinal and extrapyramidal symptoms and 

signs develop associated with involuntary movements (myoclonus). 
ArmU Rokrtson pupils may be present (see page 133). 
At autopsy, meningeal thickening, brain atrophy and perivascular infiltration with plasma celIs and lymphocytes 

are evident; culture fm the mrtex may reveal an ocasional treponcma. 
CSF - lymphocytes 50/mm3, protein 0.5-2 g/l, gammaglobulin 1. 

Reagin wars in CSF positive in the majority. 
Treament in the prcparalytic phase will halt promssion in 40%. 

TABES DORSALIS 
Posteriw spinal root and posterior column dysfunction -. - - - - - - -- -, , . . 

account for symptoms. 
Pupillary abnormality (Argyll Robertson) and optic 

atrophy occur. Peripheral reflexes are lost and joint position 
m d  vibration sensation ia impaired. A positive Romberg's 
test @age 178) indicatea a sensory ataxia. 

Pain loss results in rrophic lesions and occasionally a 
Charm joint m y  develop. - - - - - - - - - - - 
Urinary incontinence, impotence and constipation also 
occur. 'Lightning pains', visceral crises (abdominal pain1 
diarrhoea) and rectal crises (renesmus) are frequent. 

Repeated rrauma to an 
insensitive joint resuits in 
'painless' osteoarthritis and 
joint destruction. 

The CSF is more normal than in general paresis. The Reagin test may be negative in 30 per cent. Treatment 
may produce some improvement; it will not reverse joint destruction. 

SYPHaITIC GUMMA presenting as an inmacranial mass is extremely rare. 

TREATMENT OF NEUROSYPHILTS 
Penicillin G. 2 4  megaunits i.v. (When patient sensitive to penicillin 
or 4-hourly for 10 days. 1 
Procaine Penicillin 600 000 units i.m. erythromycin or 

daily for I5 days. tetracycline may be given 
Bemathine Penicillin 2 4  megaunits i.m. weekly x 3. orally over 30 days.) 

The Jarisch-Hemheimer reactjon - tachycardialfever - omrs  in onethird of patients within a few hours of 
commencing treatment; it is belimed to be due m endatoxin release from killed organisms. Stmids should 
counter the reaction, especially in tertiary syphilis. 
CSP jolkw up: CSF is checked initially and at 6 monthly intervals until normal. 
Cell count and degree of positivity of VDRL are the best indicators of persistent infection. 
Failure of treavnent is mmrnon in HIV positive patients and more frequent retesting of blood and CSF is 
necessary. 
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SPIROCHAETAL INFECTIONS 

LYME DISEASE 
This is a disorder caused by the spirrrchaete Borrelia Burgdorferi, characterised by 
relapsing and remitting anhralgia associated with a characteristic skin rash (erythema 
chronicma nigrans) and neurological features. The organism, related to the treponemes, is 
prevalent throughout Europe and North America and is carried by ixodes ticks. 

ClMcal features 
Only a minority af persona bitten by an infected tick develop the disease. Spimchaetocidal activity in normal 
serum and the immune response normally provide pmtection. It rarely occurs in HIV patients. 
Stage I : Spring(surnrner - 

Tick bite -+ flu-like symptoms, arthraIgia and skin raah (erythema chronicurn nigrans). 
Treutmenr with andbiatics is usually curative. 

1 Untreated and small 
numlxr of treated patients. 

Stage 2: Several weeks/monrhs later - 
Suhcvu lympkocytic mening+tis - both ihmges are aften mild, clear 
Subacute encephalitis spontaneousiy and occasionally are unrecognisd. 
Crania! nerve innrolvmmr - Facial nerve palsy with or without 

subacute lymphocytic meningitis. 
Periphral nsnropathy - Subacute dernyelinating and axonal sensorylmoror 

neuropathy associated with severe root pain 
(radiculitis). - Bannwarth's syndrome. 

CSF examination in stage 2: Lymphocytosis Blwated immunoglobulins. 
Oligoclonal bands. Elevated mtrBurgdorferi antibodies. 

I An unknown proportion progress. 

Stags 3: Several months/years later - 
Arthiris 
Diffuse CNS itrvolvment - chronic/subacute encephalitis. 

- focal brain disease. 
- psychiarric disease with fatigue and diffuse muscle pain. 

Mqnosis 
Anribody rests 

- Immunofluorescence assay (IFA) 
- Enzyme-linked irnmunoabsorbent assay (ELISA). 1 in s w u m  and CSF. 

In endemic areas up to 5% of the population are positive, although with Iower titres than symptomatic patients. 
In parients from endemic areas: 

with rneningitis/CN palsy diagnosis is d&nite, but PCR if available gives the definitive answer. 
mcephalitis(radicu1itis in stage 3 this is often 
+ CSP pmfiSe uncertain and blind trials MRI is abnormal in 25% wirh subcortical 

+positive serology of therapy are given. (T2) white mmr lesions. 

Treatment 
Stnge I - Oral antibiotics: penicillin, erythromycin or tetracycline. 
Stage 2 - I.V. penicillin G. 20 million units for 10 days (or cefotaxirne). 
Slage 3 - as stage 2. 

If symptoms pessist - wrong diagnosis with misfeading titres, or 
- immune mediated damage. 

Steroids can be used in iate stages when symptoms have not responded to antibiotics 
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SPlROCHAETAL INFECTIONS 

Leptospira inrerrogam is transmind to man in the infected urine of wild and domestic animal camers. Subclinical 
infection commonly occurs in high-risk occupations, e.g. sewer workers. Symptomatic illness is usually mild and 
only 10% of patients develop jaundice and haemwrhagic mnplimtions (Weil's disease). 

Clintcd features 
Incubnairm period - Lepro~pirasm'a - - - - - - -D f Immune phase 
(1&12 days) (5-7 days) (variable duration) 

- pyrexia and rigors - lyrnphc.cycic meningitis 
- myalgia - cranial nerve palsies 
- arthritis 
- m k a l  purpura 
- subconjunctival 

haernorrhages 
- lymphadenopathy 

- mononeuritis multiplex 
- Guillain-Barri. syndrome (page 424) 
- encephalitis and (in Weil's disease) 

hepatic and renal failure 

- hepatosplenomegaty. - haemorrhagic complications - (Subarachnoid and 
intraparenchyml 
hamrrhage)  and 
circulatory collapse. 

Diugnwls 
A combination of abnormal liver and renal function with elevated matine kinase suggest the diagnosis. 
Leptospirae can be isolated from bIood and CSF but diagnosis is usually confirmed by demwstrating 
agglutinating antibodies (ELISA detected IgM). 

The disease is usually self iirniting and therapy unnecessary. Early trearment in the leptospiraemic phase with 
Penicillin G 12 million units daily and tetracycline 500 mg four times per day may minimize the immune 
mediated complications. Support of hepaticlmal failure and maaagement of haernorrhagic complications may be 
life-saving. 
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PARASlTllC INFECTIONS OF THE NERVOUS 
SYSTEM - PROTOZOA 

TOXOPLASMOSTS 
A world-wide parasitic infection affecting many species, including man. 

Orgam'm: An anaerobic intmoellular protozoan, T o w l a m  gmdii. 
T h e  majority of infections in man are asymptomatic (30% of the population have specific antibodies indicating 
previous exposure). 

= To involve organs 
In the host / Bloodstream , g  . I ivsr, spleen. 

Organism ------@ M",tipli- and 
enters RE cell Lymphatics 

cell ruptures 

Tram'srion: Eating amcooked meat or contact with faeces of an infected dog or cat. (definitive hosts) 

There are two forms of taxoplasmosls: 

CONGENITAL - when a previously unaffected woman ACQUIRED - symptomtic infection is uncommon 
mntracts infection during pregnancy (subclinical infection); and may be associated with underlying systemic 
aansplamtal spread results in fetal infection. dismse or immunosuppression. (e.g. AIDS) 

Premature delivery occurs in 25%. 

N~urologicul complicatim: 
- hydrocephalus, 
- aqueduct stenorris, 
- microcephaly . 

Non-neurological fearures: 
- skin rash, iaundice, hepatosplenornegaly, 

Fever and fatigue with muscle weakness and 
lymphadenopathy result. Abnormal lymphocytes in 
peripheral blood leads to confusion with infectious 
mononucko~s. The neurological features are those of a 
meningoencephalitis with focal signs and depressed 
co~scious level. Choroidmetinitis occasionally occurs. 

. . 

choroidoretinitis. 
S k d  X-ray shows: - - Areas of atrophic 

- curvilinear calcification (basal ganglion choroid, exposing 

and periventricular regions). the white sclera. 

Varying dqrees of organ involvement may occur. 
The only manifestation may be choroidoretinitis in an 
otherwise healthy child. Retinal pigment epithelium becomes hyperplastic - 
D I a g n o ~ h :  densely pigmented areas result. 
Organisms are seldom identified. 
IgG antibodies indicate previous exposure, positive IgM and high or rising IgG confirm active infection. 
SeroIogical tests are negative in AIDS. 
In acquired infection CT shows characteristic ring shaped mntrast enhancement (page 125). MRI is even more 
sensitive. Brain biopsy is necessary for exclusion of C N S  lymphoma and for defmitive diagnosis. 
N.B. Rubella, cytomegaIovirus and herpes simpleg can also spread transplacentally and cause jaundice and 
hepatosplenomegaly. Cytomegalovirus may 31x1 produce choroidoretinitis and intracranial ralcificarion. 
Treatment 
Sulphadiazine and pyrimethamine (Dapaprim) with folinic acid for 3 weeks or longer in immunocompmised 
patients. Give steroids when choroidoretinitis is present. 

MALARIA 
Plasmodium falciparm, the agent of malignant tertiary malaria, i s  responsible for cerebral malariu, Infected red 
blood cells adhere to vascular endothelium and block the microcirculation. Endothelial damage pmducea cerebral 
oedema. Confusion, focal signs, convulsions and coma mcur. Diagnosis depends on demonstrating parasites in 
peripheral blood. Parentera1 ant i  malaria treament (chloroquine), exchange mansfusion and supportive therapy may 
be life saving. Overall mmality is 10%. Complete recovery without sequelae is expected in survivors. 
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VIRAL INFEGTlQNS 

General principles 
Invasion of the nervous system may occur as part of a generalised viral infection. 
Occasionally nervous system involvement is disproportionateEy severe and symptoms of 
generalised infection are slight. 
Viruses enter the body through the: respiratory tract, 

gastrointestinal tract, 
genitourinary tract or by 
inoculation through the skin. 

,' previous - patient's IgA neutralises 
Viral entry ewoSure the virus 

no previous 
exposure - ~ B M I A  

Invades CNS via 

Routes of A .Massive capillaries 

spread viraemia and veins 

to CNS \ 
Infection along peripheral nerves c Invades CNS 

After CNS penetration, the clinical picture depends upon the particular virus and the 
cells of the nervous system which show a specific suscepribility. 

meninges - M E ~ G I T I S  - 
parenchyma 

MYELITIS -- 
motor neurons of 
cranial and spinal nerves - PoLIOMYE 

dorsal root ganglia 

Some viruses cause a chronic, progressive infection, others remain dormant for many 
years within the nervous system before becoming symptomatic. 

MENINGITIS 
Meningitis is the commonest type of viral infection of the central nervous system. The 
term aseptic meningitis includes viral meningitis as well as other forms of meningitis where 
routine culture reveals no other organisms. A causal virus is identified in 20% of all cases. 

Common BNTEROVIRUSBS Rare 
causal - MUMPS WRUS causal - L Y M P H O C ~ C  C H O R I O M ~ G L T I S  

viruses HERPES SIMPLEX (subtype 2) viruses HUMAN IMMUNODBP~CIENCY VIRUS (HIV) 

EPSTEIU-BARR VIRUS (EBV) 
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VIRAL INFECTIONS - MENINGITIS 

Clinical features of acute aseptic meningitis 

PRODROMAL PHASE 
MENINGEAL PHASE 

Fever Headache 
Malaise Photophobia 
Sore throat Drowsiness ICBCOVBRY 

7-14 days 
s m s :  
Mild meningism Skin rashes COMPLICATIONS : 
Neck stiffness Parotitis Febrile seizures 
Kernig's sign +ve k Diarrhoea Inappropriate ADH secretion. 
No focal signs Myalgia 

Enrerovirus infection e.g. Coxsackie or echo viruses - affects childrenlyoung adults and 
occurs seasonally in late summer. 

Spread is by the faecalloral route. 
Accounts for 80% of cases in USA. 

Mermps - affects childrenlyoung adults. Winterlspring incidence. Commonest world-wide 
cause. 
Herpes simplex (type 2) - accounts for 5% of viral meningitis. Develops in 25% of patients 

with primary genital infection (suspect in sexually active adults). 
Lymphocytic choriomeningitis - affects any age and is a consequence of airborne spread 

from rodent droppings. 
Human Imrn~taodeficiency Virus WIV) - suspect in high risk groups (page 495) with 

meningitis. HIV antibodies are ofren absent and develop 1-3 months later during 
convalescence. 

Investigations 
CSF, obtained early, often contains recoverable virus. The CSF cell count is elevated 
(lymphocytes or monocytes). PCR detection of viral DNA/RNA in CSF though diagnostic, 
is rarely thought necessary. Virus may be cultured from throat swabs or stool. Serological 
tests on serum in acute and convalescent phases are especially valuable in detecting mumps 
and herpes simplex (type 2). 

Differential diagnosis 
From other causes of an aseptic meningitis which are usually subacute or chronic in onset: 

- Tuberculous or fia~tgal meningitis 
- Leptospirosis 
- Sarcoidaszs 
- Carcinomatom meningitis 
- Partially treated bacrerial meningitis 
- Parameningeal chronic infection which evokes a meningeal response, e.g. mastoiditis. 
The self-limiting and mild nature of viral meningitis should not lead to confusion with 

these more serious disorders. 
Prognosis is excellent and treatment symptomatic. 
In severe herpes simplex meningitis with an encephalitic component intravenous acyclovir 
is required. 
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VIRAL INFECTIONS - PARENCHYMAL 

Viruses may act: 
directly + acute viral encephalitis or meningoencephalitis, 
or indirectly via the immune system -, allergic or postinfectious encephalomyelitis 

and postvaccinial encephalomyelitis. 
Also, a 'roxic' encephalopathy may develop during the course of a viral illness in which 

inflarnmauan is not a pathological feature - REYE'S SYNDROME. 

ACUTE VIRAL ENCEPHALITIS 
Viral infection causes neuronal and glial damage with associated inflammarion and oedema. 
Viral encephalitis is a worldwide disorder with the highest incidence in the tropics. 
Common causal viruses: 
World-wide: Rare forms in specific areas: 
- Mumps Western equine - (vector) mosquito - USA 
- Hemes simpIex West Nile - (vector) mosquito - AfricalIndia 
- VaricelIa zoster Russian springlsummer - (vector) tick - eastern Europe 
- Epstein-Barr 
- Arboviruses 

Encephalitis following childhood infections - measles, varicella, rubella - is presumed to 
be postinfectnbus and not due to direct viral invasion, though the measles virus has 
occasionally been isolated from the brain. 

Clinical features: 
Signs and symprums: 

General: pyrexia, myalgia, etc. 
Specific to causative virus, e.g. features of infecrious mononucleosis (Epstein-Barr). 

Meningeal involvement (slight) + neck stiffness, cellular response in CSF. 
Signs and symptoms of parenchymal involvement - focal andlor diffuse. 

, , - Cerebrum - coma, confusion, dysphasia, hemiparesis, 
involuntary movements and epilepsy 

-- - Midbrain - ocuIomotor palsy, autonomic disturbance 

-- -- ,- - --Cerebellum - dysarthria, ataxia 

Vf-------- - - -Brain stem - cranial nerve palsies, nystagmus, tetraparesis 

- -- - - - - - - - - - Spinal cord - autonomic, motor, sensory dysfunction 

In general, the illness lasts for some weeks. 

Prognosis is uncertain and depends on the causal virus as do neurological sequelae. 
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VIRAL INFECTlONS - PARENCHYMAL 

Herpes Simplex types 1 and 2 and Varicella-Zoster virus commonly cause disease in 
humans 

HERPES SIMPLEX ENCEPHALITIS 
HSV-1 - oral and labial rashes as well as ENCEPHALTTIS. 

HSV-2 - genital and neonatal infection as well as MENINGITIS. 

One third occur due to primary infection; two thirds have pre-existing antibodies 
indicating reacriwabion. 

Clinical features 
A world-wide disorder occurring during all seasons and affecting a11 ages. 
Incidence: 1 /250,000 

General symptoms at onset - headache, fever - with evolution over sweral days to 
seizures and impaired conscious level. 

Inferior frontal and temporal lobes are selectively involved and 
. : :::.:. signs and symptoms reflect this - olfactory or gustatory 

. . . .-, . . . . . ... *= ,I hallucinations, behavioural disturbance, complex partial seizures, . '.:!::.. (-$y ..::+ dysphasia (dominant hemisphere) and hemiparesis. 

Cerebral oedema may result in tenrarial herniation. 
Investigations 
CT scan shows low attenuation in the inferior frontal and 
temporal lobes but may be normal in early stages. MRI is 
abnormal a t  an earlier stage, showing bilateral temporal lobe and 
limbic invohement, often with haemorrhagic change. 

CSF examinatim reveals 5-500 lymphocytes. The protein is 
mildly elevated and the glucose is normal. IgG is elevated and 
oligoclonal bands are present. 

EEG examination shows generalised slowing with bursts of 'periodic' high voltage slow 
wave complexes over the involved temporal lobe. 
Virus specific antibodies appear in scnun and CSF. HSV-DNA is detected in CSF bp 
Polymerase Chain reaction (PCR), a new technique for rapid early diagnosis. 
B r a i ~  biopsy seldom required in view of the above newer diagnostic techniques. 

This shows evidenc Demonstrate Differential diagnosis 
of a neerotising herpes simplex Consider: 
encephalitis with ,* antigen by - other forms of 
intranuclear imrnunofluorescence. encephalitis 
eosinophilic --Isolate virus by culture - cerebral abscess 
inclusion bodies. (positive in 48 hours). - brain tumour. 
Treatment 
Acyclovir inhibits DNA synthesis; 30 mgikg/day is given in divided dosage (to avoid renal 
toxicity) for 10-14 days. 

This treatment has reduced mortality from 70% to 20% with a similar reduction in 
neurological sequelae (memory disturbance, etc.). 
Since acyclovir is relatively non-toxic, treatment should be commenced on suspicion of 

disease. Delay will adversely affect outcome. 487 
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VIRAL INFECTIONS - REYE'S SYNDROME 

REYE'S SYNDROME 
T h i s  rare encephalopathy, associated with fatty changes in the liver and other viscera, is almost exclusively 
c d m e d  to children. It is due to aspirin useage in infection with Influenza A, Influema B or varicelta-mster 
viruses. 
Incidence 
< 1 per 100 000 children per year. Commoner in rural communities. 
Since 1980 the incidence of this mdit ion has dropped dramatically. 
Pathology 
Neurons and glial cells are swollen; the liver, heart and kidney show Tatty infiltration. 
Pathogenesis 
Viral synergism with an environmental factor, e.g. salicylates, m a y  be responsible. 
Morphological changes in mitochondria indime a central role. 

BRAIN -- 
t 

VIRUS - Mitochondria1 
+ salicylates 
+ genetic dispo~ition 
( m y m e  deficiency) 

damage 

4 
Brain shift 

I 
LIVER - Hypogiy~emia - Fails to detoxify 

substances which DAMAGE 
disturb nemtransrni~sion 

Prodromal latmt period - rapid mset 

symptoms -, -vomiting 
of 'viral' infection variable duration - delirium 

- convulsions 

Death results from raised inmacranial pressure. 

- hepatornegalg 
in 50% 

- focal 
neurologiml 
signs 

Tnvestigatians 
- Raised liver enzymes (ALT & AST) - Hypoglycaemia {in infants) - Increase in sprum fatly acids 
- Elevated serum ammonia - Prolonged prothmmbin time - Aminoaciduria 
CTlMRT show appearances of diffuse cerebral oedema 

Differentid diegnmis 
Consider other causes of raised intracranid pressure ia childhod, especially 

- lead encephaloparhy, 
- lateral sinus thrombosis, e.g. following mastoiditis. 

Treatment 
Treatment aims at lowering inmaanid pressure with the aid of intracranial pressure monitoring (see page 50). In 
addition, blood glucose must be maintained and any associated coagulopathy treated. Reduction of ammonia may 
be achieved by peritoneal dialysis or exchange transfusion. 
Prognmis 
Early diagnosis and supportive treatment has reduced the mortality from 80% to 30%. 
When raised intracranial pressure is present, mortality increases to 50% and a high proportion of survivors have 

cognitive disorders. 

h condition similar to Reye's syndrome occurs in some children with family history of 'sudden infant death". A 
deficiency of medium chain acetyl-CoA dehydmgenase (an enzyme essential for fatty acid metabolism) i s  found. 
Camifine deficiency resulm as a consequence of 'alternative pathway' fatry acid metabolism. SibEiws o j  children 

488 with Reye'e 'syndrome should be screened for this disorder. 
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L VIRAL INFECTIONS - CHRONIC DISORDERS 

I In these disorders the infection results in a chronic progressive neurological condition. 
The evidence of a 

/ 
finding of inclusion bodies, 

viral etiology is: direct - demonstration of viral particles, 
and ' isolation of virus, 

I indirect - relationship of onset of symptoms to a preceding viral illness, ' transmissien of illness from one host to the next. 

t Not all these features are present in any one illness. 

SUBACUTE SCLEROSING PANENCEPHALTRS (SSPE) 
Caused by measles-like patmnyxm'm - isolated from brain biopsy. 
Less common with the availability of widespread primary measles vaccination. 

Clinical features: A world-wide disorder. Incidence: 1 per million per year. Onset: between ages 7-10 y m .  

I Stage 1 Stqe 2 Stage 3 
Behavioural problem Chorioretinitis, Lapses into rigid 
Declining school performance Myoclonic jerks comatose state. 

Progression 4 dementia. Seizures, ataxia 
b Dyatonia. 

10% fulrninant course 

80% 
to death 

10% - in this group, periods of stabibsation and even 
I I improvement may transiently occur. 

I / 
3 3 4-10 

months Ye=' Ye= 

The illness may occur after measles vaccination or following clinical infection at an early age (under 2 years). 
Acwmpanying features of infection, i.e. pyrexia, leucocytosis, are absent. 

CSP examkation shows Blood sxMlination 
elevated y giobulm with shows elevated 
IgG oligoclonal bands; senun measles 
elewted measles antibdies 
(75% of total CSP IgG). 

EEG - shows periodic high voltage slew wave 
complexes on a low voltage background trace. 

Pathology 
Changes involve both white and grey matter, especially in the posterior 
hemispheres. Brain stem, cerebellum and spinal cord are also affected. 

01igodmdrocytiz-s mntain eosinophilic inclusion hdiea. Marked gliosis 
occurs with perivascular lymphocyte and plasma cell cuffin$. 

Treatment: There is no effective treatment. Since the introduction of measles 
vaccination there has been a marked reduction of SSPE. 

Subacute measles encephalitis m y  follow measles infection in children on 
imrrno5uppre~siv.e drug rreatment or with hypogammag~~bu~iwm'a .  The clinical 
course is different however from SSPE and EEG and CSF findings are less s p 6 c .  
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VIRAL INFECTIONS - CHRONIC PARENCHYMAL 
DISORDERS 

PROGRESSIVE RUBELLA PANEMXTHALFSIS 
Similar to SSPE with a fatal outmme, caused by rubella vims. 
Presents ar a later age (10-15 years) CSF shows high y globulin. 
Progressive dementia. EEG does not show pwid ic  comptexes of SSPE. 
Atsxia. Spasticity. Mymlonus. Antibodies elevated in serum and CSI: to rubella. 

Biopsy does not show inclusion bodies. 
Treatment: No effective treatment 

POSTVIRAL OR ACUTE DISSELINATED mCEPHALOMYELITIS (see page 510) 
PROGRESSIVE MULTIFOCAL LEUKOENCEPHALOPATHY (see page 51 1) 

PRION nrsusBs 
Fatal conditions charscterised by the accumulation of a modified cell membrane protein - Prion protein or PrP 
(proteinaceous infectious particle) within the central nervous system. 

Clinical features are dependent on site and rate of d p s i t i o n  of PrP. A similar disorder in mttle, b v i n e  
spongiform mcephalopathy (BSE) may be a source of infection in man, 

The Prim theory 
Experimental and epidemiologiml evidence supports transmissibility. Physical properties of the infective agent - 
heat and radiation resistance and absence of nucleic acid - suggests it is comprised solely of protein. This 
infectious protein when innoculated modifies normal cell membrane protein which acts as a template for further 
canversion ta abnormal protein. This host-encoded protein accumulates without any inflammatory or immune 
response. In familial cases a point muration in the prion gene explains disease susceptibility. 

C*-mt$feldt- Jacob diseuse {CJD) 
A worldwide disorder with incidence 1:1000000. Familial cases account for l&lS%. Age of onset 5WO yms .  
Non specific symptoms at onset (anxiety and depression) are rapidly follawed by rnyoclonus, ataxia, akinetic rigid 
state, dementia. Death within I2  months is usual. A new variant (possibly linked to BSE) has been described in 
younger patients with a slower time course. Iatrogenic disease occurs following aorneaI ot dural grafts, depth 
electrodes and mdaveric derived human growth hormone treatment. 

Investigation 
CSF - usually normal. 
BEG - bilateral high voItage sharp waves on a - 

background of slow wave activity. 
The dinical picture and electroencephalogram suggest the 

diagnosis only ultimately confirmed at posmortan. - %- _ 1- 
Pathology 
No abnormalicy is seen on gross examination 
Microswpica& - Neuronal degeneration occurs with marked 
astmcytic proliferation and amyloid plaque farmation. Vacuolation 
of glial cells results in a characteristic spongiform appearance. 
Presyrnptomatic testing in subjects with Family history is available, 

Treatment - none available 

- 
Vacuolation 

Gersrmanfi St-sler syndrome (GSS) 
A similar disorder condition to CJD. Cases are famiIid and characterised by specific pathology of spwgiform 
changes associated with arnyloid plaques containing R P  irnmunoreactive proteins. Clinical features are nonspecific 
-ataxia, Parkinsonism, dementia. Death o m s  within 5 years of contact. 

Kuru 
An extensively studied disorder of Papua, New Guinea. It i s  of interest in view of man to man spread from 
canni balisrn. 

Prions may have a role to play in other neurodegenerative disorders, e.g. Alzheimer's disease, Parkinson's disease 
490 and motor neumne disease. 
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VIRAL INFECTIONS - MYELITIS AND POLlOMYELlTlS 

Acute viral transverse myelitis is rum. It can occur in association with measles, mumps, Epstein-Bart, herpes 
zosterlsimplex, enterovirus infections or small pox. Fever, back and limb pain precede paralysis, sensory loss and 
bladder disturbance. Initially patalysed limbs are flaccid, but over 1-2 weeks spasticity and emensor planta~ 
responses develop. G o d  recovery occurs in 30%. Death from respiratory failure i s  rare (5%). 

Investigatiom 
Mydography when performed is normal. MRI may demonstrate fmal cord signal changes. CSF shows elevated 
protein with a neuunphil or lymphocytic response. S~rological tests will occasionally identify the causal virus. 
Elearophysiology distinguishes from Guillain-Barre syndrome. 

Treatment 
Supportive; the place of steroids remains unproven. 

It is nor clear whether the pathological effects (perivenous demyeliatiw) result from direct or delayed 
L (immunologicaI) reactions to the virus, 

POLIOMY ELITIS 
An acute viral infedon in which the anterior 
horn cells of the spinal cord and motor nuclei of the brain 

I stem are selectively involved. A maior cause of paralysis and 
death 30 yrs ago, now rare with the introduction of effeaive vaccines. 

Causative v3ruses: 
The poliovirus is an enteruvim P A  virus). 

I Three imrnunologicl~lly distinct strains have been isolated. 
Immunity to one does not result in irnmunity to the other two. 

Coxsackie and echoviruses may produce a clinically identical disorder. 

Pathalogy Mode of spread 
I Initially - inflammatory meningeal changes, Spread by faecalloral route. Once ingested 

followed by - inflammatory cell infiltrat~on the virus multiplies in the nasopharynx and 
(polymorphs and lymphocytes) amund the 
brain stern nuclei and anterior horn cells. 

I 
Neurons may undergo necrosis or central 
Ehromamlysis. 
Microglial proliferation follows. - 

GI tract results in 
viraernia but CNS involvement occurs in 
only a very smdt proportion. Most infected 
patients are asymptomatic. Virus excretion 
continues in the faeces for as long as three 
months after the initial infection - mrrier 
state. 

I Epidemiology 
A highly communicable disease which may result in epidemics. 
Seasonal incidence - late summwlautumn, 
World-wide distribution, although more frequent in northern tanperate climates. 

I Prophylactic vaccination has produced a dramatic reduction in incidence in the last 25 years. In developing 
countrips without a vaccination programme, the disease remains a problem. 

Clinical features 
Infection may result in: 

- Subclinical course + resultant immunity (majority) 
-Mild non-specific symptoms of viraernia + resultant immunity 
- Meningisrn without paralysis 
(PREPARALYTIC) t. resultant immunity 

- Meningism followed by paralysis 
(PARALYTIC) + resultant immunity. 
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VIRAL INFECTIONS - POLIOMYELITIS 

fieparalytic stage 
General symprom: Improves 

fever, sweating, or 
malaise, headache, 
mild GI upaet. Progresses 

Specific symptoms: 
severe headache, 
back and limb pain, 
muscle tenderness, 
features of meningism. 

Paralytic srage Pro~~reases 

Spinal form: 
Mus~les fasciculate. 
Muscle pain worsens. 
Paralysis develops; widespread or 

localised; ascending or descending, 
maximal 24 hours after onset of 
this stage. 

May involve respiratory muscles. 

Brain stem form: 
Pharyngeal, laryngal, lingual 

and facial weakness 
May jnvolve cardiac and 

respiratory muscles. 

A mixed form can occur. 

mgnosiis 
During the meningeal phse, consider other causes of acute meningitis. 

Once the paralytic phase ensues, distinguish from the Guillain-Barrt syndrome and transverse myelitis. 
The clinical picture + CSE examination (polymorphs and lymphocytes increased; protein elevated with 

normal glucose) are sufficient to reach the diagnosis. 
Serological rests + virus isolation will confirm later, 

Prognods 
In epidemics, a momlity of 25% results from respiratory paralysis. Impmvmenr in muscle power usually 
commences one week after the onset of p d y a i s  and continues for up to a year. 

Only a proportion of muscles remain permanmzly paralysed; in these, fasciculation may persist. In affected 
limbs, bone growth becemes retarded with shortening as well as thinning. 

Treatment 
The patimr is kept on bed rest and fluid balanm carefully maintained. 
Respiratory fasure may require ventilation. 
Avoid the development of deformities in affected limbs with physiotherapy and splinting. 

Post-Polio Syndrome 
A significant proportion of patients develop late sequclac often 30 yrs after initla1 illness - fatigue, rnyalgia 
and new weakness are characteristic. 

Prophylaxis 
Salk vaccine - Formalin inactivated virus. 2 injections, 1 month apart, 

2 vaccines are are followed by hostet at  6 months; this prevents CNS 

available invasion, but does not stop viraemia. 
Sabin vaccine - Live attenuated virus given orally and will simuIate 
(vaccine of choice) subclinical infection. 3 doses 2 months apart. 
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VllRAL INFECTIONS - VARICELLA-ZOSTER INFECTION 

Varicella (chickenpox) and herpes zoster (shingles) are different clinical manifestations of 
infection by the same virus - VaricelEa-Zoster, a DNA human herpes virus, 
conditions caused: - an acute encephalitis - postinfectious encephalomyelitis 

- viral meningitis - postinfectious polyneumpathy 
- myelitis (Guillain-Bank syndrome). 

Shingles 
This occurs after virus reahvation, dormant after the primary infection (chickenpox). 

Pathology: The virus The inflammatory 
involves the dorsal root 

cranial nerve sensory anterior horns. SimilarIy 
ganglion - uigeminal 
or geniculate , occur in the brain stem. 

Clinical features 
Patients are usually over 50 years of age. Sexes are affected 
equally. Recurrence is rare. 
Of- occurs in association with compromised immunity, 
e.g. lymphoma. Also associated with spinallnerve root trauma. 
Initial feature: 
A vesicular skin rash associated with a burning, painful _-  
sensation, Vesicles contain clear fluid and conform to a 

- y  --. 

dematowe distribertio'om. After 1-3 weeks, the vesicles m u s t  over 
and leave irregular skin depigmentation with scarring. 

Motor weakness occurs in 20% due to damage of the anterior horn cell. More 
widespread spinal (myelitis) or encephalic involvement occurs in the immunodeficient. In 
these patients extensive cutaneous lesions are common (disseminated zoster), 
Cranial nerve ganglia involvement: 
- Trigminab: usually ophthalmic division with vesicles above the eye and associated corneal 

ulceration - mms ZOSTEA O ~ H A L M I C U S .  Occasionally patients, 7-10 days 
after onset, develop a necrotising granulomatous angiitis causing stroke-like 
syndromes. Zoster virus antigen is detected in thrombin in major vessels. 

- Gmicu1are:vesicles within rhe external auditory meatus and ear drum. Ipsilateral 
deafness and facial weakness result. - RAMSAY m SYNDROMB. 

Diagnosis Based on clinical features. 
Treatment 
This depends on the severity and location of skin lesions. Mild disease requires 
symptomatic treatment only. Severe disease, involvement in immunodeficient patients, or 
ophthalmic vesicles require acyclovir either orally or intravenously. 

POST HERPETIC NEURALGIA 
This is a condition which occurs in 10% of all patients. The incidence rises with age. A chronic, uncomfortable, 
burning pain presenrs in the territory of the involved d e n n a m e .  The pathogenesis is unknown. 
Treatment with antidepressants, antimnvulsants, e.g. mrbamazepine, transcutaneous stimulation (TCS) or 
sympathetic ganglion block may heip, but results are unpredictable. 493 
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OPPORTUNISTIC INFECTIONS 

These infections occur in immunocmpromised patients. Certain types o f  immunological 

Lymphoreticular I Primary hypogammaglobulinaemia I Aplastic anaemia 

deficiency tend to be associated with specific forms of infection. 

tumours 
Immunosuppressant Splenectomy 

drugs I 
T celllmacroph~ge deficiency 
Causes: e.g. AIDS 

Chemotherapy/ 
radiotherapy 

Organisms: I I 

B cell irnmmoglobdin deficdetzcy 
Chronic lymphatic leulzaemia 

GPmducyte d e f i h c y  
Marrow infiltration 

Bacreria - ListeP.ia 

Viruses - Cytomegalovirus 
Herpes simplex/zoster 
TC virus 

Nocardia I Haewrophilw infiwnzae I Staphylococcus auras 

Measles 
Enterovinases 

P. aeruginosa, etc. 
Aspergilfus 
Candida 

Mycobacterizam, etc. 
Fungi - Aspergillus 

Candida 
Mucoraceae I I Mucoraceae 

P~eatdowonas aerw'nosa, ere. 

Parasites - Toxoplasmosis 

CLJNICAL SYNDROMES, DIAGNOSIS AND TREATMENT 
Clinicsl Diagnosis Treatment 
syndrome 
CEREBRAL Common &ma (see page 346) 

Blood cuImm Luterro + Ampicillin or erythromycin 
Drainage or Nocurdin -. Sulphonamide or cyclwrine 
biopsy and culture Gandida - Amphotcricin B & 5-fluorocyrosine 

OTHERINTRA- CTIMR scan Aspergr'ilus 4 Surgical m o v a l  (if indicsted) 
CRANIAL MASS Serum anribodiea Amphorericin B & 5-fluorocytosine 
LESIONS J Biopsy ToxopImadc + Pyrimethumine, sdphadiazine & lolinic acid 

T o x o p l a m ~  + Pyrirnethaoline, sulphadiazine 8r folinic scid 
Strum antihdies Cyromegalovirus - Gancyclovir ac Fascarnet 
Viral isolation JC virus -. Cytosine arabinoside 

(progressive 
lnmcellular multif~cal 

encephalopathy) 

NERVE CTIMR  can Cmdida + Amphotcricin B & 5-fluomcyrosine 
PALSIES CSFlblood culture Mucoroceae + Redid  sinus and orbital 

Serum anttbodies surgery and amphmericin I3 
Nasal Swab 

MENINC;mS 
CSF(blood culture 
Serum antibodies 
Antigen egglutin- 
arion tests 

RETINITIS 
Viral isoIarlon 

Common bacteria (see page 473). 
M~ycob~caeriurn (see page 474). 
Cryprma~us -r Arnphmericin l3 & S-flw?wytosine 
Lfsteria 4 Ampicillin or erythromycin 
Nocardia + Sulphonamidc or cycloserine 
Cadzda -. Amphotericin B & 5-fluorwyt~sine 
T o x o p i m d s  + Plyrimetharmne, sulphadiannc & folinic acid 
Cytomegalovirus -r Gancyclovir or Foscarnet 

494 Other viral infections are dealt with in the appropriate section (pages 484-4861. 
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ACQUIRED IMMUNODEFICIENCY SYNDROME (AIDS) 

Human immunodeficiency virus (HIV-I) has Eympkotropic (CD4 lymphocytes) and 
neurotropk (microglial) properties. Neurological features develop in 80% of ~nfected 
individuals manifesting as either direct effects of the HIV virus or infections, tumours and 
associated vascular disorders due to immunodeficiency. AIDS is the end stage of chronic 
infection. 

Prevalence of ATDS and HIV infection 
Certain individuals are 'at risk' of infection: 
- Homosexual males and heterosexual partners 

- Babies born to infected individuals 
- I.V. drug users - Recipients of blood products, e.g. 

haemophiliacs, 
The incidence of HZV infection in 'at risk' groups varies considerably. 

Sex educarion, supply of clean needles to addicts, active drug-dependence programmes and 
specific precautions in the preparation of blood products are necessary to limit its spread. 

Current prevalence of HIV - USA 140lmillion (New York 99llmillion). 

CLTNICAL COURSE OF HIV XNFECITON 

ACUTE INFECTION f glandular fever-Iike . symptoms 
Seroconversion to 
HIV antibody + ve (4-12 weeks) 

I 

/ 70% 
A 30% 

ASYMPTOMATIC 

Detected on antibdy screening 
- counselling - hyperplasia of neck lymph glands 
- prevention of spread ----by months or years ----- 

AIDS RELATED 

Symptoms Investigations 
- weight loss - HIV antibody + ve 
- diarrhoea - HIV isolation 
- lethargy 
- minor opportunistic 

infections, e.g, impetigo, 
oral candida 

- lymphopenia 
- thrwnbocytopenia 
- lack of response to 

skin antibody tests 

AIDS 

- I n v e i 3 s i t i ~ d ~  - 

Range of severe oppormnisric Resuits as in ARC but 
infections and nunours. cellular immunity impaired. 
Presenting illness: 
- PNEUMOCYSTITIS CARINII PNEUMONIA - SO% 
- KAPOSI'S SARCOMA (multiple violamus 

skin lesions) - 20% 
- Others - 30%, e.g. MYCOBACTERTUM 

CNS LYMPHOMA 
NON-HODGKIN LYmnom 

- T cell lymphocyte 
suppressiw especially 
CD4 (helper subset) with 
reversal of normal 
CD4: CD8 ratio 
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NEUROLOGICAL PRESENTATIONS OF HIV INFECTION 

Cerebral ttunonrs 
Primary aerebral lymphoma 
Metastatic systemic lymphom 
Metastatic Kaposi's Sarcama 
Infectionrs 
Encephaliris 

Cytomegalovirus 
Herpes zosterlsirnplex 
Toxoplasmosis 
Progressive multifoctll 

Antilmdy tests 
Biopsy 

leukomcephalopathy 
Cerebral abscess 

E. col' 
A s ~ ' l l ~  - 
Candida 
Nwardia 

Meningitis 
HLV- 1 
Mycpbacterilrrpn 
Listetio - 
SypkiIi~ 
AspsrgiIlrcr 

Aspiration(cu1ture 
Andbody tests 

AIDS demmdn [in 15%) 
Direct HIV infection with 
demyelination and perivascuIar 
inflammamry changes. Intellectud 
decline of subcomcal type 

(page 125). 

Rednopathy 

Toxoplasmosis 

Myelapathy 
Acute reversible 
Compression - abscess 

Ascending - cytomegaIovirus 
herpes zos~er(simp1ex 

Vascular disorders 
lntracranial haemomlmge 
cerebral infarction (septic 
emboli or thromlmsis) 

Peripheral neuropathy 
Herpes zoster radiculopathy 
Cauda equina syndrome (cytomegalovirus) 
Acute reversible dernyelination 
Chronic demyelination 

Management 
Opportunistic infecrion - treatment of specific infection (see page 494). 

With known HIV + ve patients, invasive procedures such as 
biopsy are often avoided and trials of therapy are administered, 
e.g. cerebral toxoplasmosis - trial of pyrimethamine and 
sulphadiazine, monitored with CT scanning. If lesions do not Cerebral 

toxoplasmosis resolve 4 biopsy (? lymphoma). 

Once AIDS is established, fatal infection or malignancy is inevitable. For this reason, 
treatments which boost the immune system or influence virus replication are considered. 
- Zidovudine (AZT), by interfering with nucleic acid synthesis, blocks HIV DNA 

formation and reduces virus replication. AZT is used at present in ARC and AIDS and 
prolongs survival. When given with Prebenecid the dosage is reduced without loss of 
effectiveness. AZT also reduces rate of transmission from infected mother to baby. 
Immune modulators, e.g. Interferon and Interleukin 2, srimuIate the immune system 

and may be of value. 
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SUBCUTE/CHRONIC MENINGITIS 

This entity is characterised by symptoms and signs of meningeal irritation which persist 
and progress over weeks without improvement. Unlike acute meningitis, the onset is 
insidious; cranial nerve signs and focal dficits such as hemiparesis, dementia and gradual 
deterioration of conscious level may predominate. Predisposing factors include 
immunosuppression and underlying systemic iHness eg diabetes mellims. The outcome 
depends upon aetiology and the early instigation of appropriate treatment. 

Chronic meningitis is associated with cermin CSF fmdings. 
- Lyrnphocytosis + low glucose 
- Lyrnphocytosis -1 normal glucose. 

Diagnosis depends upon CSF examination. 
Lumbar puncnrre should be performed in suspicious cases as soon as CT scan has ruled 

out a mass lesion. 

SUBACUTE/CHRONIC MENINGXTJS WITH A MARKFD REDUCTION IN CSF 
GLUCOSE 

Causes Diagnosis Specific features Treatment 

1 M. tuberculosis I See page 475 

Cryptococcus 
Nocordia 
Candida 
Aspergillus 

Carcinomatous 
meningitis - 
lunglbreastl 
gastrointestinal 

tract 
Zeukaernial 

lymphoma 
Glioma 
Medulloblastorna 
Melanoma. 

Diagnosis suggested by Amphotericin B Clinical fearures . 
similar to + chest X-ray - pulmonary 

infiltrations, tuberculous fluorocytosine or 
CTlMR evidence of meningeal meningitis. fluconazole 
enhancement and associated 
hydrocephalus 
CSF abnormalities 
lymphocytosis, low glucose 
and high protein with 
appropriate staining, cuIture 
and agglutination~complernent- 
fixation tests. 

Evidence of primary neoplasm. 
CT or M R  evidence of 
meningeal enhancement 
CSF 
Malignanr cells seen in fresh 
centrifuged filtered sample. 
Tumour markers: 
- carcinoembryonic antigen 
I C E 4  
- P-microglobulin 
Meningeal biopsy rarely 
necessary but diagnostic 

Back pain/ Consider 
radicular irradiati~n 
involvement followed by 
common. intrathecal 
Hydrocephalus methotrexate or 
in 30% monoclonal 

targeting (see 
page 305). 
Zeukaemial 
lymphoma 
requires 
specialist 
advice 
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- 

SUBACUTE/CHRONIC MENINGITIS 

SUBACUTE/CHRONIC MENINGITIS WITH SLIGHTLY REDUCED OR 
NORMAL CSF GLUCOSE 

Causes Diagnosis Specific features Treatment 

infections 
Cerebral abscess 
Epidural abscess 
Sinusitis 
Mastoiditis 

Treponema 
BruceZIa 
Leptospzra 
Listerin 
Borrelia 
Burgdorferi 

Evidence of primary Prodromal Appropriate 
infected source sinus or antibiotic 
X-rays middle ear therapy and, if 
Sinuses, mastoids, infection indicated, surgical 
CTIMR scan - drainage of loculated 
cerebral parameningeal 
or cerebellar abscess infection 
CSF microscopy/ 

culture 
Blood cultures 

CSF Treponerna - page 480 
Isolate organism Sexual contact 
(if possible) Brucella Appropriate 
Serological tests Contact with antibiotic 
S e r m  infected cartle 
Serological tests Leptospira page 482 

Contact with 
contaminated rat, 

Miscellaneous 
Parasites, e.g. 

toxoplasma - see page 483 
Sarcoidosis - see page 347 

Beh~et" disease 
Whipple's disease 
Systemic lupus 

erythematosus - see page 261 

- leakage from 
epidermoid 
dermoid cyst or 
craniopharyngioma 
- Entrathecal drugs 

dog or cattle urine 
Listeria 

Contaminated - page 494 
foods 

Borrelia 
Burgdorferi - page 481 

Tick bite 

Despite extensive investigation, a group of patients with chronic meningitis exists in whom 
no cause is found. 
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DEMYELINATING DISEASES - INTRODUCTION 

Dernyelinating disorders of the central nervous system affect myelin andlor oligodendrugliu 
with relative sparing of axom. 

The central nervous system is composed of neurons with neecroectodermad and mesodemal 
supporting cells. 

The neuroectodemal cdls comprise: 
UStFOCyleJ 

ependyrnal wdls 
oligodend~ocytes. 

The oligodendrocytes, Iike Schwann celIs in the peripheral nervous system, are 
responsible for the formation of myelin around central nervous system raxms. 
One Schwann cell myelinates one axon 

but one oligodendrocyte may myelinate 
several contiguous axons, and the close Astrocyte 

proximity of cell to axon may not be 
obvious by Ight microscopy. 

Oligodendrocytes are present in grey Cell body 

matter near neuronal cell bodies and in 
white matter near axons. 

Myelin is composed of protein and lipids. 
Protein accounts for 20% of total content. 
The lipid fraction may be divided into: 

cholestero1 
glycophesphatides 

(lecithins) 
sphingolipids 

(sp hingomyelins). 

The laying d m  of myelin in the central nervous system commences at the fourth 
month of fetal life in the median longitudinal bundle, then in frontal and parietal lobes at 
birth. Most of the cerebrum is mgelinated by the end of the 2nd year. Myelination 
continues until the 10th year of life. 

Myelin disorders may be classified as diseases in which 
1 .  Myelin is inherently abnormal or was never properly formed - these disorders generally 

present in infancy and early childhood and have a biochemical basis, e.g. leukodystrophy. 
2. Myelin which was normal when formed breaks down as a consequence of pathological 

insult, e.g. rnulxipie sckrosis. 
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MULTIPLE SCLEROSIS 

Multiple sclerosis (MS) is a common demyelinating disease, charactetised by focal 
disturbance of function and a relapsing and remitting course. 
The disease occurs most commonly in temperate climates and prevalence differs at 

various latitudes: 

Latitude("N) RatellOO000(adjusted) 
Orkneys and Shetlands ................ 60 309 
England (Cornwall). ................... 5 1 63 
Italy (Bari). ........................... 41 13 

The disease usually occurs in young adults with a peak age incidence of 2040 years. 
Slightly more females than rnaIes are affected. There is a 3% risk of disease if a sibling 
or parent is affected. 

PATHOLOGY 
Scattered lesions with a greyish colour, 1 mm to several crn in size, are present in the white 
matter of the brain and spinal cord and are referred to as plaques. The lesions Lie in close 
relationship to veins (postcapillary venules) - perivenous distribution. 

RECENT LESIONS U T E R  OLD LESIONS 

Myelin destruction Astrocyte proliferation Relatively acelIuIar and more 
Relative axon sparing 
Perivenws infiltration 
with mononuclear cells and 
lymphocytes. Interstitial oedema 
evident in acute lesions 
Breakdown of blood-brain barrie 
occurs and may be essential for 
myelin destruction. 

PATHOGENESIS 

clearly demarcated. Within 
these plaques bare axons are 
surrounded by astrocytes 

Thoracic spinal cord showing 
established plaques of 

Immune deficiency has been suggested. This might explain the possible persistence of a 
latent virus and variations in immune status could be the basis of 'relapses and remissions'. 
T lymphocytes and macrophages found in plaques may be sensitized to myelin antigens. 

Hereditary/pnedc factors appear significant. There i s  an increased familial incidence of multiple sclerosis. 
This has led to the study of histocmpahbilfty amn'gm (HL-A). An association berween A3, B7, B18 and DW2/ 
DRW2 and multiple sclerosis has been demonstrated. Concordance rate in monozygotic twins is 30% and in 
dizygotes 5%. Affected women transmit MS to offspring more frequently than affected mm suggesting that 
mitochondria1 genes contribute to inheritance. 

Viru-ea may be important in the development of multiple sclerosis, infection perhaps occurring in a genetically/ 
immunologically susceptible host. 

Elevated serum and CSF antibody t h s  haw been found to: 
- varicella zoster, measles, rubella and herpes simplex during relapse. 

Biochemlcd: No biochemical effect has been demonstrated - myelin appears normal before breakdown and the 
proposed excess of dietary fats or malabsorption of unsamrated fatty acids is unproven. 
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M ULPIPLE SCLEROSIS 

PATHOGENESIS (contd) 
In summary - the causation is probably multifactorial. 

Genetic predisposition Enviromental exposure 

I I (virus) 

Disordered autoimmune Age of individual 
response 1 1 I 1 at exposure 

of multiple sclerosis 

CLINICAL FEATURES 
Peak age of onset - 2&25 years 
Childhood onset rare - 2% 
Patients presenting > 50 years - 5% 
Patients presenting > 60 years - I % 

Multiple sclerosis is usually characterised by: 
- Signs and symptoms of widespread white matter disease. 
- A relapsing and remitting or progressive course. 

Symptoms at onset 
1. Vague symptoms: lack of energy, headache, depression, aches in limbs - may resulr in 

diagnosis of psychoneurosis. These symptoms are eventually associated with: 
2. Precise symptom: Sensory disturbance -40% 

(initial symptom of Retrobulbar neuritis - 17% 
multiple sclerosis Limb weakness - 12% 
expressed as a %) DipIopia - 11% 

Vertigo 
Ataxia 20 % 
Sphincter disturbance 

Trigeminal neuralgia may be an early symptom of multiple sclerosis, and this should be 
considered in the young patient with paroxysmal facial pain. 
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MULTIPLE SCLEROSIS 

Sensory symptoms 
Numbness and paraesthesia are common and often so transient as to be forgotten. 
Paraesthesia is more often due to posterior column demyelination than to 

, -- -" spinothalamic tract involvement. 
I 

,' Posteriov cobmn lesions result in impaired vibration 
,'' sensation and joint position sensation. In such cases a 
' limb may be rendered 'useless' by the absence of 

positional awareness. 

Lhermitte's n'm: with cervical posterior column 
involvement sudden neck flexion will evoke a 'shock- 
like' sensation in the limbs. 

SpinothaEmic lesions result in dysaesthesia - an 
unpleasant feeling of burning, coldness or warmth, 
with associated sensory loss to pain and temperature 
contralateral to the lesion. 

A plaque at the posterior root entry zone will result iu 
loss of all sensory modalities in that particular root 
distribution. 

Motor symptoms 
Monoparesis and paraparesis artre the most common motor symptoms. Hemiparesis and 
quadriparesis occur less commonly. 

Paraparesis is the result of spinal demyelination, usually in the cervical region. 

Signs: - Increased tone 
- Hyperactive tendon reflexes, 

extensor plantar response and 
absent abdominal reflexes 

- Pyramidal distribution weakness. 

N.B. A plaque at the anterior root exit . 
---. zone will result in lower motor neuron - 

signs (reflex loss and segmental wasting) 
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MULTIPLE SCLEROSIS 

Disturbance of vision 
Acute optic neuritis (Retrobulbor neuribis): Visual loss associated usually with a central 
scotoma and recovery over some weeks. This disorder commonly occurs in young adults. 
The visual loss develops over several days and is often associated with pain on ocular 
movement (irritation of the duml membrane around the optic nerve). In milder forms, only 
colour vision is affected. 
Typically only one eye is affected, 

although bath eyes occasionally simultaneously Macular Visual area fieid@ 
I 

or consecutively I . , 2O03Q0 
are involved. Macular Retina 

Blind --' . - 
Acuity is usually fibres r .  

spot more than x ,- 

Central 
disc scotoma 

7 

On examnlarion: Disturbance of visual function ranges from a 
small central scotoma to complete loss. Fundal examination 
reveals swelling - papillitis - in up to 50% of patients, 

41--- 

depending upon the proximity of the plaque to the optic ,4(< 5%) 
nerve head. 
'Sheathing' from an inflammatory exudate around peripheral 
retinal venules is common. Reduced visual acuity 
distinguishes papillitis from papilloederna. 

Investigation: Visual evoked responses (VERs) show delay. High resolution CT or MRI of 
t h e  optic nerve excludes tumour. MR confirms the presence of plaque. 

Treatment: Steroids shorten the duration of visual loss and ease pain when present. I.v. 
methylprednisilone not only speeds recovery but may delay the development of MS. 

Outcome: 90% of patiems recover most vision, although symptoms may transiently return 
following a hot bath or physical exercise - Uhthoff s phenomenon. Following recovery the 
optic disc develops an atrophic appearance with a pale 'punched out' temporal margin. 

Subsequent course: 
- No evidence of multiple sclerosis occurs in patient's lifetime. 

or 
- Symptoms and signs of demyelination elsewhere in the nervous system follow - nmukipIe 

sclerosis. 
Over a 5-year period from presentation, 75% of patients fail into the last group. Onset in 

winter, the presence of "silent' cerebral lesions on cranial MRI and the presence of certain 
histocompatibility antigens, e.g. HLA DR2, increase the risk of subsequent MS. 

Acute bilateral optic neuritis: less common than unilateral disease and progression to MS 
not as likely. Occasionally followed by a transverse myelitis (Neuromyelitis optica, page 
509). Examination of mitochondria1 DNA distinguishes from Leber's hereditary optic 
neuropathy (page 531). 503 
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MULTIPLE SCLEROSIS 

Disturbance of ocular movement 1 
I 

Diplopia may result from demyelination affecting the brain stern pathway of the 111, IV or 
VI cranial nerves. Abnormality of eye movements with or without diplopia occurs when 
supranuclear or internuclear connections are involved. The latter results from a lesion in 

1 
the medial longitudinal fasciculus - dmtemuclear ophthaboplegia - and in young persons is 
pathognomonic of MS. 1 

I 

'Look lefr' 
I 

Nystagrnus in Failed Failed Nystagmus in 
abducting eye adduction adduction abducting eye 

Nystapzls may be an incidental finding on neurological examination. Its presence 
should be sought as evidence of a second lesion. It is unusual in multiple sclerosis when 
the eyes are in the primary position, and is cwnmonly s e w  on lateral gaze. Pupillary 
abnormalities may occur from: 
- sympathetic involvement in the brain stem (Homer's syndrome) 
- III nerve involvement, or 
- I1 nerve involvement. 
The swinging light test is a sensitive test of impaired afferent conduction in the I1 nerve. 

Alternating the light from one eye to the orher results eventually in 'pupillary escape' - the 
pupil dilates despite the presence of direct light. 

Affected 

,f- j 

OTHER FEATURES 
Vestibular symptoms: Vertigo of central type may be a presenting problem or i t  may 
develop during the course of the illness. Hearing Ioss is rare. 
Ataxia of gait atad limb inco-ordination aTe frequently present. The gait ataxia may be 
cerebellar or sensory type (see Romberg's test). Limb inco-ordination, intention tremor 
and dysarthria indicate cerebellar involvement. 
Sphincter disturbance with urgency or precipitancy of micturition and eventual incontinence 
occurs. Conversely urinary retention in a young person may be the first symptom of 
disease. On direct questioning, impotence is frequently found. 
Mental changes: Mood change - euphoria or depression occur. Dementia develops in 
advanced cases. Generalised fatigue is common. 
Emotional lability: Uncontrolled outbursts of crying or laughing, result f m  involvement 
of pseudobulbar pathways. 
Paroxysmal (symptoms occurring momentarily throughout any stage of the disease): 
Paraesthesia, dysarthria, ataxia, pain, e.g. trigeminal neuralgia, photopsia (visual 

504 scintillations), epilepsy. 
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MULTIPLE SC'LEROSIS 

CLZNTCAL COURSE 
The pattern of illness in individual sufferers cannot be predicted. Several different rates of 
disease activity and progression have been defmed. 

1. Relapsiqq attd remitting 
Of all patients with MS, 70% pass through this 
stage. With each attack recovery is virtually complete. 
This phase of illness may persist for many years. The 
explanation of why relapses take place is unknown. 

1 Time 

I 

2. Chronic Progressive (Secondary progressive) 
After a period of time, relapsing and remitting MS 
attacks are followed by incomplete recovery and 
cumulative loss of function and disability. At any 
one time, the chronic progressive stage accounts for 
20% of all sufferers. Converting from relapsing and 
remitting to secondary progressive occurs on average 
6-10 years after the initial symptoms. 
d Time 

3. Ckroprde Progressive from onset (Primary progresfibe) 
This form is common in late onset MS ( > 45 yrs) 
and accounts for 15% of all patients. Symptoms and 
signs are usually spinal and relapses barely noticeable 
in the context of insidious progression. 

Time 

4. Benign 
There is no clear definition of this form, Many years 
may pass between each attack and if in time 2 .- - .- 
progression does occur, the rate is slow and disability $ 
negligible. Support for this benign form comes from 5 

I the occasional incidental finding of incidental MS 
I at autopsy. Time 

Recognition of different phases of MS is essenrial in giving an informed prognosis as well 
as selecting patients for, and evaluating results of clinical trials. The degree of disability 
can be recorded using specific scales such as the Kurtzke score or the Extended Disability 
Status Score (EDSS). 
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MULTIPLE SCLEROSIS 

INVESTIGATIONS 
There is no diagnostic test. Investigations only support the clinical suspicion. 
Neurophysiological: may detect a second 
asymptomatic lesion (see page 52). IV- Normal response 
1. Visual evoked potential (VEP). Tn optic - _/ - latency < 1 10 msec 
nerve involvement the latency of the large 
positive wave is delayed beyond 110 msec. Abnormal response 
The amplitude of the waves may also be - latency prolonged. 
reduced. 
2. Somatosensory evoked response (SSEP) may 
detect central sensory pathway lesions. 
3. Brain stem awditory evoked potential 
{BAEP) may detect brain stem lesions. 

Cerebrospinal fluid examination by 
lumbar puncture 
A mild pleocytosis (25 cells/mm3), mainly 
lymphocytes, is occasionally found. 
The total protein may be elevated, 
although this rarely exceeds 100 mgll. 
An increase in gammaglobulin 
occurs in 5&60% of cases. 

These bands are found in up to 
95% of patients with established 
disease and in 5&60% after the 
first attack. Oligoclonal bands are 
not specific to MS and can be 
found in other inflammatory 
neurological diseases (see 
following page). 

Electrophoresis of CSF 
using agar or acryIamide 
shows discrete bands which are not 

OLIGOCLONAL 
BANDS 

present in serum. 
NORMAL 

MRI 
This has contributed enormously to the diagnosis and 
understanding of MS. Normal white mattes appears dark 
with low signal intensity in T2 weighted images. Myelin 
breakdown produces a longer relaxation time and increased 
signal on T2. Gliosis produces similar changes. The 
presence of white matter abnormalities with a 
periventricular distribution is suggestive but not diagnostic 
of MS. Paramagnetic contrast (Gadolinium) will show active 
inflammation. A combination of MRI and CSF (oligoclonaE 
band) will rule out MS if both are negative. MR may 
predict long term outcome - following a single episode of 
demyelinatbn (e.g. optic neuritis or transverse myelitis). 
Those with cranial MR abnormalities wiII relapse sooner 
than those without. At present lMRI does not correlate well 
with disability, but newer zechniques may be more sensitive 

506 measures of disease progression, 

I 

Periventricular lesions, 
moat evident at frontal 
and occipital horns. 
Abnormalities are also 
seen in the brain stem 
and cerebellum. Lesions 
of the optic nerves and 
spinal cord are more 
difficult to detect. 
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MULTIPLE SCLEROSIIS 

Diagnostic criteria have been proposed (Poser Committee 1983). These were primarily 
conceived for research and clinical trials of therapy but are aIso of use m the clinician. 

CLINICALLY DEFINITE Two attacks of - clinical signs or investigative 
symptoms evidence of two lesions. 

CLINICALLY PROBABLE I clinical signs or investigative 
evidence of one lesion. 

LAEORATORY SUPPORTED DEFINITE - 

LABORATORYSUPPORTEDPROBABLE - abnormal CSF (oligoclwal bands). 

(Modified from Poser 1983 Annals of Neurology 13227-231 .) 

clinical signs or investigative 
evidence of me lesion. 
Abnormal CSE (oligoclonal bands). 

DIFFERENTIAL DIAGNOSIS 
Many conditions mimic multiple sclerosis and unless strict diagnostic criteria are 

I 

I adhered to other treatable disorders will be missed. 

Conditions wlth similar clinical presentadons to MS 

Inflammatory disorders Isolated cranial disorders 
- Systemic lupus erythematosus - AVM 
- Polyarteritis nodesa - Meningioma 
- Beh~et's disease 

Granulomatous disorders Miscellaneous disorders 
- Sarcoidosis - Spinocerebella degeneration 
- Wegener's granulomatosis - Mitochondria1 disorders 

I - Adrenoleukodysmphy 
I Isolated spinal cordfiramen magnum disorders I 
I - Extrinsiclintrinsic tumours - Lyme disease 

t - Vitamin B12 disease - Acute disseminated encephalomyelitis 

Conditions with similar MRI appearances to MS 
- Vasculitis - SmalI vessel vascular disease 
- Sarcoidosis - Decompression sickness 

! - Leukodystrophies 
- Acute disseminated encephalomyelitis 
- Lyme disease 
- Chronic inflammatory demyelinating polyneuropathy 

Conditions with sirnaar CSF profile ta MS (presence of oligoclonal bands) 
- HIV infection - Chronic meningitis 
- Lyme disease - Neurosarcoidosis 
- Syphilis 
- Subacute sclerosing panencephalitis (SSPE) 
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M ULKIPLE SCLEROSIS - TREATMENT 

SYMPTOMATIC 
Spasticity 

Drugs that act at spinal or skeletal muscle Ievel 
- Baclofen (GABA derivative) 
- Dantrolene (direct action on muscle) 
- Tizanidine (uz adrenergic agonist) 
All given orally. Baclofen can be administered intrathecally (implantable drug delivery 
system) in severe cases. 

Urinary symptoms 
Incomplete bladder emptying - intermittent self-catheterisation 
Detrusor instability - anticholinergics (oxyburynin) 

- Desrnopressin spray. 

Bowel symptoms 
Constipation or faecal incontinence 
- lamlose 
- laperamide (opiate receptor agonist - increases anal sphincter tone). 

Pdn 
Analgesics, anticonvulsants, antidepressants or NSAIDs 

Paroxysmal symptoms 
e.g. tonic seizures - anticonvulsants 

Fatigue 
Arnantadine or CNS stimuIant pemelene 

m Tremor 
Betablockers, primidone and in severe cases thalamic ablation or stimulation, 

ACUTE RELAPSE 
Methylprednisolme I gramlday i.v. for 3 days followed by a reducing dose of orat 
prednisolone will speed recovery. 
If used in an initial attack of optic neuritis it will reduce the number of relapses within the 
next 2 years. 

MODIFY NATURAL HISTORY 
No benefit from long-term steroids. Cyclophosphamide, azathioprine, total lymphoid 
irradiation and pIasma exchange - anecdotal evidence of benefit in aggressive illness. Low 
dose methotrexate of marginal value in primaxy and secondary progressive disease. 
Interferons (Beta 1B and 1A) 
Possibly by down-regulation of antigen recognition will in the short-term reduce relapse 
rates but have no or little effect on disability. 
Similar results have been obtained from Copulymer I (a synthetic polypeptide). The 
interferons and copolymer I show a reduction in the rate of MRI change. 



MULTIFOCAL NEUROLOGICAL DISEASE AND ITS MANAGEMENT 

OTHER DEMYELINATING DISEASES 

NEUROMYELTTIS OPTICA mwic's dsam)  
A subacute disorder characterised by simultaneous or consecutive dmelination of the optic nerves and spinal 
cord. Initially considered s distinct entity, it is now regarded as a form of multiple scIcrosis. An identical 
syndrome occur8 in systemic lupus erythmatosus. 

Clinical features 
Visual loss is rapid, bilateral and occasionally total. 
Spinal cord symptoms follow -hours, days or occasionally weeks larer. 
Back pain and girdle pain. Paraesthesia in lower limbs. 
Paralysis may ascend to involve respiratory muscles. 
Urinary retention is common. 
Recovery is complete in 60-70% of patients. 

Exumlnadw Optic neuritis with or without papillitis 

Reduced visual acuity and Left 
bilateral cmtral scotoms \ 

/ Reducpd lower limb 
, / reflexes initially 

, Rpduced power in lower limbs 
/ 

&) ,/ ,I Extensor pIsntar response 

The disorder may be: 
- The presentation of multiple sclerosis in adults. A 
relapsing and remitting course typical of MS ensues 
- A monophasic iIlness occurring in chiidhood akin to 

acute disseminated encephalomyelitis. In patients with 
permanent deficit, cavitation of the spinal cord Dccurs. 

Lnw8tipdons Treatment 
V h a l  evoked responses are prolonged. Steroids are often given, (1.Y. Methylprednisolme). 
The CSF shows an elevated protein with Treatmmt is otherwise supportive. 
a lyrnphocytosis occasionally as high as 
1OOO cells per mm3. Gammaglobulin may 
be elevated and oligoclonal bands present. 
MRI may be abnormal in those who go 
on to a rehpsing and remitting course. 

TRANSVERSE MYELITIS 
This occasionally occurs as the first manifestation of MS but this also occurs with viral infection (e.g. herpes 
virus), vasculitis and atherosclerotic vascular disease. Only 10% of patients with ideopathic mansvme myelitis 
progress to MS. Investigations should exclude other causes of acute spinal cord syndrome - spinal cord 
compression - by MRI or myelography. 
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OTHER DEMYELlNATlNG DISEASES 

ACUTE DISSEMINATED ENCEMIALOMYELmS (ADEM) (postinfectious encephalomyelitis) 

ADEM is an acute immune-mediated 
demyelinating disorder in which smaI1 
foci of dernyelination with a perivenws 
distribution are scattered throughout 
the brain and spinal cord. Lesions are 
0.1-1.0 rnm in diameter. 

, Microglial, plasma cell and lymphocyte 
exudate around venules, Myelin 
becomes fragmented. 

This disorder may follow uppes respiratory and gastrointestinal infections (viral), viral exanthems (mcasles, 
chickenpox, rubella, etc.) or immunisation with live or killed virus vaccines (influenza, rabies). 

Measles i s  the commonest cause mcurring in 1 per 1000 primary infections; next Varicella zosta (chickenpox), 
1 per 2000 primary infecrions. 

Clinical features: Within days or weeks of sesolutian of the viral infection, fever, headache, musea and vomiting 
develop. Meningeal symptoms (neck stiffness, photophobia) are then followed by drowsiness and multifocal 
neurological signs and symptoms - hemisphere brain stem(cerebellar/spind cord and optic nerve involvement. 
Myoclonic rnavements are common. 

Predominantly spinal, cerebral or cewbellar forms occur, though usually the p imre  is mixed. Optic nerve 
involvement takes h e  form of optic neuritis. Rarely the peripheral nervous system is involved. 

Dhgnosis: No diagnosis test. 
CSF - 20-200 mononuclear cells. 
Total protein and y globulin raised. 
Peripheral blood m y  be normal or 
show neutrophilia, lymphocytosis or 
lymphopenia. 
The electroencephalogram (EEG) Generaliaed asynchronous delta activity 

shows diffuse slow wave activity. 
CT s c m  is normal. MRI shows small focal white matter changes, simultaneously enhancing with contrast 
indicating that all are of the same degree of acuteness (unlike MS) .  

Diagnosis is straightforward when there is an obvious preceding viral infection or immunisation. When viral 
infection immediately precedes, distinction from acute encephalitis i s  often imporssible. 

Separation from acute MS may be difficult. Fever, meningeal signs with elevated CSF protein above 100 rnglml 
with cell count greater than 50 per mm3 suggest ADEM. 
Patholow: demyelination is limited to perivascular areas and lesions do not approach the same size as in MS. 

Outcome: The illness i s  typically monophasic. 
The mortality rate is 20%. 
Full recovery occurs in 50%. 
Poor prognosis in associated with an abrupt onset and the degree of deficit. 

Treatment: Steroids are used, although no conmlled Pials have been conducted. Large dosage Is recummended 
during the acute phase. Cyclophosphamide may be used in refractory cases. 
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ACUTE HAEMOIZRHAGIC LEUKOENCEPHALITIS 
This is a rare demyelinating disease. It is regarded as a very acute form of postinfectious/acute disseminated 
encephalomyelitis. 
Uinical picture: Antecedent viral infection, depression of conscious lweI and multifmal signs and symptoms. 
Focal features may suggest a mass lesion or wen herpes simplex encephalitis. 

The diagnosis is only realty possible at biopsy or 
autopsy, but elevated CSF pressure, lymphwytosis and 
e r o c y t e s  in CSF and xanthochromic a p p e m c e  
of fluid are all suggestive. 
Pathology: Perivascular polymorph infiltration. 
Microscopic and rnacrosmpic hamorrhage. 
Perivascular dernyelination and necrotising 
changes in vessels. 
Treatment: Steroids in high dosage should be 
used though widence of value in this 

I 
I rare condition is scant. 

PROGRESSIVE MULTIFDCAL LEUKOENCEPHALOPATHY 
This is a demyelinative disease occurring ia association with systemic illness in which cell-mediated and 
occasionally humoral immunity is depressed, e.g. AIDS (4% of cases), lymphoma, sarroidosis, sys~emic lupus 
erythematosus. The disorder is due to readvation of previous papavirus (SV40 or JC virus) infection. 
Clinical picture: Features of diffuse process - personality change, hemiparesis, cortical visual loss, seizures, etc. 
Duration of illness: 3 4  months. Non-remitting and fatal. 
Pathology: Demyelination without inflammatory response, especially in suboomcal white matter. 
Electron microscopy - papovavirus in oligodendroglii. 
Diagnosis: CT scanning and MRI reveal widespread multifocal white matter damage. Definitive diagnosis is 
made from brain biopsy, Virus can be isolated by inoculation on to glial tissue culture. 
Treatment: Interferon - alpha and cytosine arabinoside may slow progression. 

LEUKODYSTROPHIES 
Inborn errors of metabolism m a y  affect the normal development of myelin. These genetic disorders usualIy 
present in infancy or childhood but occasionaIly produce their first manifestations in adult life. 
3 specific types are recognised 
- Metachromatic leukodystrophy 

I - Globid cell leukodystrophy 
I - Adrenomyeloneuropsthy or adrenoleukodystmphy (ADL). 

The 1 s t  condition is sex linked, characterised by adrenal insufficiency and disordered myelin in brain, spinal mrd 

t and peripheral nerw. The clinical picture i s  highly variable and results from a defect in beta oxidation of very 
I long chain fatty acids {VLCFA) which build up in blood and skin fibroblasts. Dietary treatments (Lorenio's oils) 

lower these and may slow progrmsion of this fatal disorder. Heterozygote female carriers may become 
symptomatic with a late onset progressive rnyelopathy. 
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NEUROLOGICAL COMPLICATIONS OF DRUGS AND TOXINS 

Introduction 
Drugs and toxins commonly affect the nervous system. They cause a spectrum of disorders 
of which mast are potentially reversible on withdrawal of the causal agent. 
Diagnostic suspicion is especially dependent upon history: 
- Availability of drugs. 
- Occupational/industrial exposure to toxins. 
Drug toxicity may result from: 
- The chronic abuse of drugs, e.g. barbiturates, opiates. 
- The side effects of drug therapy, e.g. anticonvulsants, steroids. 
- T h e  wilful1 averdosage of drugs, e.g. sedatives, antidepressants. 
Toxin exposure may be: 
- Accidental: industrial or household poisons, e.g. organophosphates, carbon monoxide, 
turpentine. 
- Wilful: solvent abuse. 

History and examination 
When acute intoxication is suspected, the EoIlowing clinical features are supportive. 

,-- Mmtal state 
Confusion, delirium, 

Seiz%tr~~ - - - - - - - - - - --+ - coma 
overdose or 
drug withdrawal - - . Pupil lary fdn d i ~ g s  

Opiates 
Parasympatbomirnetics 
Phenothiazines Multisysrem 

dysfuncrion Symparhomimetics 
Cardiac, respiratory, *, \ Antihistamines 

Tricyclic antidepressants hepatic and 
gastrointestinal -- -, \ 

' B r a i ~  stem reflexes 
systems may be 

I 
e.g. Doll's eye reflex - may 

involved 

small, 
unreactive 
(dose-dependent) 
large, 
unreacuve 
(dose-dependent) 

be transiently lost. 

Also: Note 
- Puncture marks in narcotic addicts - Rashes in barbiturate poisoning 
- The presence of a snout area rash in - Respiration rate in salicylate poisoning 

solvent abusers - Skin colour in carbon monoxide poisoning. 

Cljnical features: 
While the neurological picture is generally diffuse, certain pronounced symptoms occur 
with one drug or toxin and not with another. The following table should act as a guide to 
diagnosis and alert the clinician to the possible offending substance. 

For treatment, the reader is advised to consult an appropriate pharmacology or general 
medical text. 
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DRUG-INDUCED NEUROLOGICAL SYMDROMES 

Vasodilators: antihistamines, sympathomimetics, 
calcium channeI blockers, bronchodilatars, 
ergotarnine, cocaine 

Dopamine agonists 
Nos-steroidal anti-dnflammaturiese~ 

[SEIZURES ] 

t 
Antidepressants, antimicrobials: cycloserine, 

isoniazid, metronidazole, penicillin 
Antineoplastics: vincristine, rnethotrexate. 

I Analgesics: pentazocine, fentanyl, opiates 
Anaesthetics: ketamine, halothone, althesin 
Bronckodilators. Synapathmimetics 
Miscellaneous: amphetamine, baclofen, lithium, 

h 

I iodinated contrast media, insulin 

C O m s I ( I N ~ E L I R m M  

An ticholinsrgics. Antiwtnvulsants 
Antimicrobials: isoniazid, rifampicin 
Antaneoplasria: vincristine 
Dopannke agondsn. Trsnqudili$ers 
Miscellaneous: cimaidine, ranitidine, lithium 

Antimicrobials: ethambutol, isoniazid, 
I nitrofurantoin, rnetronidazole, dapsone 
1 Antineoplastics: cytosine arabinoside, cisplatin, 
I procarbazine, vincristine (and other vinca 

alkaloids) 
I Asztirhematia: colchicine, D-venicillamine, - 

gold, indomethacin 
Mzscallaneous: cimetidine, phenytoin 

I 

Aminogly coside antibiotics: gentamicin, 
kanamycin, neomycin, streptomycin 

Miscellaneous: cisplatin, ethycrinic acid, 
quinine, salicylates 

VISUAL DISTURBANCE 

Phemthiazims Miscellaneous: 
ethambutol, indomethacin, ramoxifen 

Antimicrobials: chlorampbenicol 
dapsone, isoniazid, streptomycin 

Miscellaneous: chlorpropamide 

MOVEMENT DISORDERS 

Anriemetics: rnetoclopmrnide 
Butyropkmmx: haloperidol, dropexidol 
Dopamine agonists. Phenothiazines: 

chlorpromazine, thioridazine 
TPdcy clic antidepressants 

IhTAXIA] 
Anticomlsann: carbamezepine, 

phenytoin, primidone 
An tineoplastics: cytosine arabinoside, 

fluoracil 
Phenothiazines : sedatives; barbiturates, 

chloral hydrate. Tranquillisess: 
diazepam 

MUSCLE FAIN ANIY WEAXMESS 

Anti~teoplastics: cytosine arabinoside, 
RETINOPATWP methouexate, thiopeta 

i Antimalarials: chloroquine, mepacrinc Miscellaneuus: dofibrate, D- 
penicillamine, danazol, L -tryptophan. 

Drug screen in suspected overdoseage 
Too often the clinician, when managing drug or toxin overdosage, requests a 'drug screen'. 
The techniques used in detection, e.g. gas chromatography, thin-layer chromatography and 
immunological tests, are sophisticared and time-consuming and may require samples of 
serum, urine or both. 

The clinician must 'narrow down the field' from the history and presenting symptomsl 
signs and discuss with the laboratory the class of drug or toxin he suspects. 

A knowledge of the blood level of some drugs, e.g. salicylates, barbirurates, is important 
in deciding the approach to treatment. 



MULTIFOCAL NEUROLOGICAL DISEASE AND ITS MANAGEMENT 

SPECIFIC SYNDROMES OF DRUGS AND TOXINS 

NEUROLEPTIC MALIGNANT SYNDROME 
A rare life-threatening disorder induced by initiation, increase or reintrodurnion of neuroleptic drugs (e.g. 
cblorpramazine, haloperidoh). T h e  condition appears to result from acute dopamine receptor blockade and is 
characterised by hyperpyrexin, bradykiwsia, rigrdity, autonomic disturbance> aEreration of consciovslress and hgh s r m  
ml~tcIe enzymes ((crearine kinme). The causal drug should be withdrawn and the patient cooled. Give dopamine 
agonims with dantrolene sodium to control bradykinesia and rigidity respectively, Death occurs in 15% from renal 
failure andlor cardiovascular coltapse. 

SOLVENT ABUSE 
The abuse of volatile solvmts is an increasing problem especially in children. The purpose of inhalation is to 
achieve a state of euphoria. Habituation develops. Commonly used substances are: aerosols, cteaning fluids, nail 
varnish remover, lighter fluids, hodel '  glue. The 'active' components of these are simple carbon-based moiecules, 
e.g. benzene, hexane and toluene. 
Synpzrnns of ocure inroxicasion: Symptoms of chronic &e: 

- Euphoria - Behavioural disturbance. 
- Dysarthria, ataxia, diplopia - Chronic ataxia. 
- Delusions and hallucinations occur, followed - Sensorimotor peripheral neumpathy. 

by seizures if exposure has been pmlonged. 
Death may result: 

- Aspirationlasphyxiation 
- Cardiac arrhythmias 
- Renal or hepatic damage. 

Treatment of acute intoxication is symptomatic; there are no specific antidotes. 
Industrial exposure to hydrocarbons produces similar symptoms. 

ORGANOPHOSPHATES 
These are widely used as insdcidea (sheep dip) and herbicides. They cause symptoms by phosphorylation of the 
enzyme acetyl cholinesterase. Acute intoxication produces feizures, autonomic disturbance and coma. Chronic 
exposure results in fatigue, muscle weakness and fasciculation asswiated with non-specific weight loss and 
cognitive impairment. 

LEAIl EXPOSURE 
Lead has no bioEogicaZ hnction. It is present in normal diet as well as in rhe atmosphere from automobile fumes 
and in the water supply of old buildings containing lead tanks and piping. Occupation exposure occurs in 
plumbers, burners and smelters. 
Lead excess interferes with h a m  synthesis. This results in the accumulation of 'blmked' metabolites such as 

aminolevulinic acid (ALA) in swum and urine. It also inhibits oxidative enzymes (e.g. Superoxide disrnutase). 
Anaemia occurs with a characteristic finding in the blood film (basophilic stippling). 
Bath the peripheral and central nervous systems are affecred. 

A D U L T S  CHILDREN 
A chronic motor neuropathy with Peripheral neurnpathy is rare. 
minor sensory symptomatology. Encephalopathy is characteristic. 
Axonal damage predominates. (Lead ealts cross blood brain barrier 

/' more easily in children) 

Acute encephalopathy Acure fdmimting with wnfusion, Chronic with fatigue 
impaired conscious level, and irritability, 
coma, seizures, papilloedema. headache, apathy. 

Treatment 
Chelating agents (e-g. cafclum &sodium edetate - EDTA - or D-pemicfllamine) and i.v, mannitol in acute 
encephalopathy with papilloedema. 

In acute fulrninaring mcephalopathy the mortality has been reduced to  5%, but neurologicnl sequelae are 

514 Oommon' 



MULTIFOCAL NEUROLOGICAL DISEASE AND ITS MANAGEMENT 

SPECIFIC SYNDROMES OF DRUGS AND TOXINS 

COMPLICATIONS OF RECREATIONAL DRUG ABUSE 
The problems of drug abuse are of epidemic proportions. An increasing number of 
neuroIogical syndromes are recognised. 

All recreational drugs are associared wirh increased risk of cerebral or spinal infarction or intracetebrat 
haemorrhage. (Mechanisms are varied - drug-induced hypertension, coagulopathies, foreign body (talc) 
embolisation and septic ernbli  from infective endocarditis.) 

All intrsvwous drug abusers ate at risk of F W  kfection and its complications (page 495) 

Origin 

Clinical use 

Popular name(s) 

Method of 
raking 

Mode of acriorn 

Heroh 

Alkaloid from poppy - 
papaver somiferin 

Pain relief 

Oral 
Smoked 
Intravenous 

Phencyclidine 

Synthetic anaesthetic 
agent 

- 

Anaesthetic agent 

'Angel dust' 

Oral 
Smoked 
Intranasai 

Cocaine ' Metamphetamine 
, and Ecstasy 

Moderare dos~ge  

E x c e s h s  dosage 

AtkaEoid from 
leave3 of 
erythroxylon coca 
plant 

Pain relief 

'Coke', 'Snow', 
'Crack' (potent pica 
base form) 

Oral 
Intranaxal 
Intravenous 

Blocks reuptake of 
dopamine and 
noradrmatine and 
augments 
neurutransmission 
(sympthmmetic) - 

Synrhetic 
amphetamines 

Anorexia 
Narcolepsy 
Depression 

'Speed' 
'Uppers' 

Oral 
Intravenous 
'high speeding' - - 
Increases release of 
doparnine and I 

adrenaline and 
augments 
neurovansmission 
(sympathomimeric) 

Acts as opiate receptors I 

located on the surfaEe 
of neurons 

Alertness f Alermess t 
Euphoria Euphoria 
Blood pressure f Blood pressure sensation 

lntwference with 
multipie 
neumrransmitter 
function 

Blmd pressure 7 f 
Temperature T 

dysrhythmia and 

- 

Blood pressure f 7 
Temperature T 
Respiration 1 
Cardiac dysrhythmia 
and sudden death 

Facial flushing I Heart rate1 

Coma 

T r e a w n t  

Neurological 
m p l i c n t i o m  

Pin-point pupils 
Respiration 1 

Ataxia dysrhytlmk 
Vigjht but and sudden 
unresponsive death 

Naloxone (opiate 
antagonist) Clonidme 
or Methadone (for 
withdrawal symptoms) 

Myelitis 
Newpathies and 
Plexopathies 
(immune mediated) 

Dysamhria Psychosis 
Nystagmus Cardiac 

Haloperidol (fur 
psychosis) 

Dystonia 
Athetosis 
Seizures 
Rhabdomyalisis 

Haloperidol (blocks As for cocaine 
dopamine reuptake) 
Hypotensive agents 
Dgsrhythmic 
agents 
Anticonvulaants 

Headache 
Tremor 
MyocIonus 
Seizures 

Chorea 
Intracranial 
haernorrhage 
(drug-induced 
vasculitis) 



MULTIFOCAL NEUROLOGICAL DISEASE AND ITS MANAGEMENT 

METABOLIC EMCEPHALOPATHIES 

In general terms, the clinical features of metabolic encephalopathy are relatively 
stereotyped. 

PUpnpnIS ---------------- -' - - Mental state 
Usually normal in size Depressed; confusion with 
and reactive to light. , impairment of consciousaess. 

'\ 
* 

C _ C - # -  ' Eye movements 
#-  

-- x, Usually full and conjugate, 
Limb movements ---- -- , - - - -- \ 

SyrnmetricalIy reduced, 'b Respiratory rate 

associated with hypotonicity Depressed 

These features are characteristic but exceptions occur in specific encephalopathies - 
Pupils Eye movements 

Hypoxia large-reactive H ypoxia (severe) 
No movement 

Hepatic a - conjugate 
encephalopathy small-reactive 

Hepatic encephalopathy 
(severe) r-, n No movement a - dysconjugate 

Limb movements 
Hepatic encephalopathy 
Non-leetotic 

hyperosmolar coma 
Hypaglycaemia 
Uraemia 

Hemiparesis can occur 

Hepatic encephalopathy 
Uraemic encephalopathy movements 
Hypaxia, hypercapnia < k 

Ir 
0 \ 

0 -. 
J' 

\ 
'Ir 

Respirarory rate 
Hepatic encephalopathy 
increased 

- a  flapping movement noted ' Myoclonus - a sudden jerk of muscle 
: A n  in the hands when the groups occasionally res- 

it;-*-' wrists are hyperextended 
, . ulting in limb movement . , (page 186). 

Beware of the possibility of multiple pathology, e.g. an alcoholic patient with a chronic 
subdural haernatorna may also have liver failure and thiamine deficiency. 

516 



MULTIFOCAL NEUROLOGICAL DISEASE AND ITS MANAGEMENT 

CLASSIFICATION AND BIOCHEMICAL EVALUATION 

Many metabolic disturbances cause an  acqudred encephalopathy in adults. 
The most frequently 
encountered are: 
- Hypoxic Less commonly: 
- Hypercapmeic - Hyponatraemia. Hypernatraemia, 
- Hypoglrycamic - Hypokalaemia. Hyperkalaemia. 
- Hyperglycmmic - Hypocalcaemia. Hypercalcaemia. 
- Hepatic - Hypothyroidism, Lactic acidosis. 

I 
- Urmmic - Addison's disease. 

Drugs and toxins producing encephalopathy are dealt with separately (page 512). 

I Laboratory assessment of suspected metabolic encephalopathy 
I A11 patients should have a basic biochemical screen: 

- Serum urea and electrolytes. 
- Liver function (albumin, globulin, bilirubin, alkaline phosphatase and enzymes) and 

I 
I random blood glucose. 

- Blood gases (pH, Po2 Pco2). 
- Serum ammonia. 
- Electroencephalography - slow wave activity (theta or delta) supports the diagnosis of a 

diffuse dysfunction: hepatic encephalopathy shows a specific triphasic slow wave 
configuration, 

- CT scan - if the above tests are normal or coexisting structural brain disease is 
suspected. 
Calculation of the a n i o ~  gap may be he1pful in the diagnosis of encephdopathies, 

especially lactic acidosb. The sum of the anions (C1- and H C W  normally equals the sum 
of the cations ( ~ a +  and K+). An increase in the gap in the absence of ketones, salicylates 
and uraemia suggests lactic acidosis. 

HYPOXIC ENCEPHALOPATHY 
Impaired brain oxygenation results from: 
- Reduced arterial oxygen pressure - lung disease. 
- Reduced haernoglobin to carry oxygen - anaemia or blood loss. 
- Reduced flow of blood containing oxygen (ischaemic hypoxia) - due to reduced cardiac 
output (with reduced cerebral blood flow). 
- Biochemical block of cerebral utilisation of oxygen - rare (e.g. cyanide poisoning). 

Whw cerebral arterial Poz falls below 35 mmElg (4.5 kPa), anaerobic metabolism takes 
over; this is not efficient and a further drop in Po2 will result in neurological dysfunction. 
The extent of hypoxic damage depends not only upon the duration of hypoxia but also on 
other factors, e.g. body temperature - hypothermia protects against damage. The 
irreversibility of hypexic damage i s  explained by the 'no flow phenomenon' - after 3-5 
minutes the endothelial lining of small vessels swells - even with reversal of hypoxia, flow 
through these vessels is no longer possible. 



MULTIFOCAL NEUROLOGICAL DISEASE AND ITS MANAGEMENT 

SPECIFIC ENCEPHALOPATHIES 

HYPOXIC ENCEPHALOPATHY (cmtd) 
Pathology 
As a consequence of high metabolic demand, some areas are more susceptible than others. 

Vulnerability t a  hypoxica 

Most Grey matter is more 
vulnerable than white 
rnatrer. 

Least Brain stern 

Damage begins in rhe 'watershed' areas 
- at the extremes of their blood supply, 
e.g. between the anterior cerebral and 
middle cerebral artery territory. 

Mid-tenpard section 

ACA = 

' anterior cerebral artery 

middle cerebxal artery 
PCA = 
posterior cerebra1 artery 

Occipital section 

2----- ;,A 
MCA 

'-A' 

; A  

- - 
' % - .  pcA-4 

Occipital section " ' 7- 

Microscopic changes depend upon the delay between the hypxic event and death. 

Immediate: 
Scattered petechial 
haemorrhages. 

At 48 hour#: 
Cerebral oedema 
associated with 

At seveml days/eoeeks: 
Necrosis in d c a l  grey martm 
and globus pallidus with assodated 

petechial haernorrhage. astrocytic proliferation. 
The cerebellum and bmin stem may 
also be affected. 

Clinical features: 
e.g. Severe hypoxia from circulatory arrest 

Full recovery Full recovery Recovery + If recavery, No recovery 
sequelas major deficit 

Inattentive (frontal) - 
Visual disturbance (parietal, occipital) 
Inco-ordinate (cerebellar) 

amnesia 
- 

I Unconscious (diffuse cortical) Flexion or 
(hippocampus) - extension 

Ataxia Myoclonus Korsakoff s Dementia Persisting coma 
Parkinsonism psychosis 

* 1 2 3 

Delayed hywxic mcephuloputhy refers to the rare occurrence af a full clinical recovery fallowed after some weeks 
by a progressive picture 4 deterioration of conscious level -t dmth. Widespread subconical dernyelination i s  

5 18 found at autopsy. 

Brain stem signs 
I 

4 * Death. 
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SPECIFIC ENCEPHALOPATHIES 

HYPENCAPNOEIC ENCEPHALOPATHY: the consequence of an elevated arterial carbon dioxide level 
Clinical features: 
Headache, confusion, disorientation, involuntary movements. 
Papilloedema, depressed limb reflexes, extensor plantar responses. 

Diagnods: 
A Fcoz greater thm 50 mmHg (6 kPa) with a reduced PoZ is found an arterial blood sampling. 

The presence of headache, confusion and papiIIoedema may suggest intracranial tumour. If hypercapnia has 
not been diagnosed, such patients inevitably are referred for CT brain scan. 

HYPOGLYCAEMIC ENCEPHALOPATHY: rhc Eonsequence of insuficimt gIumte reaching the brain and 
may resuIt from:- overdosage of diabetic trcatrnent 

- insulin secreting rumour - insulinoma 
- hepatic disease with reduction of liver glycogen. 

Serum glucose levels of 1.5 mmolll are associated with the onset of encephalopathy. Levels at 0.5 rnrnol(l are 
associated with coma. 

Pathology: 
Changes occur in the cerebral cortex - fmaI necrosis surrounded by neuronal degeneration. Subcortical grey 
maner (caudate nucleus) and cerebellum are vulnerable. 

CLlnlcd features: 
Thme, as with hypaxia, depend upon the duration and swdty of hypoglycamia. 

Mimr symptorn~ Moderate Severe . - 
Sweating, pallor, headache, Abnormal behaviour, Hemiparcsis, 
palpitation, trembling, hunger, confusion, + muscle spasms, Death 
(symptoms of sympathetic overactivity)- unsteadiness, myoclonus 

drowsiness deepening coma 

Full recovery Full recovery Recovery with sequeiae 

Ataxja Parkisonism Dementia Hemiplegia 

Repeated mild to moderate episodes may result in a chronic cerebellar ataxia. 
Repeated severe attacks may result in a mixed rnyelopathylperipheral neuropathy which i s  distinguished from 

motor neuron disease by the presence of sensory signs. 

HYPEKGLYCAElCiIC rnC6PHAILOPATHY 
Two types of encephalopathy develop as a consequence of hyperglycaemia: 

Diabetic htoacidotic coma Diabetic h y p e r o m b r  non-katotic coma 
Accumulation of acetone and kemne bodies in This results from the hyperosmolar effect of severe 
blood results in acidosis. Hyperventilation ensues hyperglycamia. Reduction of the inrracellular 
with a reduction in Pcoa and HCo;. Osmotic mpamnent results. Involuntary movements, 
diurmia due to hyperglycaemia results in dehydration. seizures and hemiparesis may occur. Vascular throm- 

The neurological presentation i s  that of confusion bosis is not uncommon. Ketoacidosis is mild or does 
progression to coma and, if untreated, death. not occur. 
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SPECIFIC ENCEPHALOPATHIES 

HEPATIC E N C E P ~ O P A T H P  
Neurological signs and symptoms secondary to hepatic dysfunction may arise in: 
- acute liver failure. 
- chronic liver failure complicated by infection or gastrointestinal haemmhage. 
- chronic Iiver failure producing characteristic htpatocsmbral degenerarron. 

Clinical features: 
These may be divided into two groups: Symproms and signs of disturbed 

1 neurological function: 
Asterixis Ataxia 

Symptoms and signs of disturbed Myoclonus Hypcrreflexia 
mental state Hemiparesis OphthaImoplegia 

Dysarthia Nystagmus 

The encephaloparhy is progressive. 

Pathology 
Neuronal loss with gliosis is noted in the cerebral cortex as well as baa1 ganglia, cerebellum and brain stem. 
Astrocytts with irregular and enlarged nuclei are characteristic. 

Hepatocerebral degemeration produces varying symptoms and signs. Dementia is associated with dysarthria and 
ataxia. Primitive reflexes, choreoathemsis, myoclonus, tremor and pyramidal signs may alsa be presenr. 
Consciousness is not impaired. 

URAEWC ENCEPHALOPATHY 
Cliniml features: 
These may be divided into rwo groups: Symptoms and signs of dismbed 

Syrnpmms and signs of disturbed 
mental state 

neurological function 

As in hepatic encephalopsthy + 
generalised seizures 

Patholo$y: 
Uraemia may produce non-specifi c pathological fmdings in the nervous system. Peripheral nervous system 
involvement occurs in chronic renal failure (page 421). 

Dialysif encephaIoparhy is enmutered in persons on renal dialysis exposed to high aluminium levels in the 
dialyeare. The  features are those of dementia, khavimral changes, seizures and myoclonur. The condidon 
progresses unless aluminium levels are controlled. 

Specific investigations and treatment of individual metabolic encephalopathies do not 
come within the scope of this book. 
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NUTRITIONAL DISORDERS 

INTRODUCTION 
Nutritional deficiency presents a major problem in the developing world. In Western 

countries, alcoholism is the major cause of the neurological syndromes resulting from 
detary deficiency with faddism and malabsorption disorders accounting for only a small 
number. 

Vitamins appear important nutrients and certain disorders such as Wwnicke Korsakoff 
syndrome (thiamine) or subacute combined degeneration (vit. Biz) are attributed to a single 
deficiency. Others such as po1ynwropathy result from multiple deficiency. 
Vitamin deficiency in itself does not always produce symptoms; a dietary excess of 

carbohydrate seems essential for the development of the neurologicaI features of thiamine 
deficiency. 

As a rule, nutritional disorders of rhe nervous system present clinically in a symmetrical 
manner. 

WERNICKE KORSAKOFE SYNDROME 
This syndrome is comprised of an acute and a chronic phase: 

Wernicke's syndrome (acute) and Korsakoff s psiychosis (chronic) 

Abnormal Ataxia Confusion Selective impairment of 
eye short-rerm (immediate) memory. 
movements 

Patients often demonstrate additional features of nutritional deficiency - peripheral 
neuropathy, crophic skin changes and autonomic dysfunction (arrhythmias, postural 
hypotension and hypothermia) . 
Cause 

Thiamine deficiency --z Chronic alcoholism 
arising from poor nutrition Hyperemesis 
Thiamine is an important Carcinoma 
coenzyme in the Kreb's cycle. Renal dialysis 
Deficiency results in reduced Anorexia nervosa 
cerebral metaborism, axonal 
conduction, synaptic transmission 
and DNA synthesis. 

N.B. Korsakoff s psychosis may also be caused by head injury, anoxia, epilepsy, encephalitis 
and vascular diseases. 
WERNICKE'S SYNDROME 
Diagnosed in 0.14.4% of hospital admissions 

Pathology: 
Neuronal, axonal and myelin damage occur symmetrically in the rnarnillary bodies, the 
walls of the third ventricle, thalamus and periaqueductal grey matter. Secondary vascular 
proliferation and haemorrhages occur within these lesions. 521 



MULTIFOCAL NEUROLOGICAL DISEASE AND ITS MANAGEMENT 

WERNICKE KORSAKOFF SYNDROME 

WERNICKE'S SYNDROME (conrd) 
Clinical features: Acute in onset Confusion: 

Disorientated. 
Horizontal and vertical nystagmus is Disinterested and inattentive. 
evident. Coma may dominate 
Unilateral or bilateral VI nerve paresis presentation. 
commonly occur. Withdrawal symptoms of: 
Gaze patsies are less common. alcohol 
Retinal haemorrhages occasionally - agitation, delusions and 
occur. hallucinations - develop 
Pupillary involvement and complete following admission to hospital. 
ophthalmoplegia are rare. Ataxdo - is often the presenting 

- ----' symptom. May be mild or 
Polyneuropathy is present in 80% of cases. severe with inability to stand. 
Vestibular disturbances will occur occasionally Lower limb (heel to shin) ataxia 

and accentuate the ataxia. is modest. 
Autonomic disturbance is common. Upper limbs are spared. 

Investigation 
HaematoIagical and biochemiczll evidence of alcohoElnutritiona1 deficiency, e.g. elevated 
MCV, abnormal LFTs, elevated y GT. 
The erythrocyte transkernlase (enzyme in hexose monophosphate shunt), an index of 

thiamine levels, is reduced. 
The blood pymvate is elevated. MRT may show mamilIary body atrophy. 

Treatment 
100 mg of thiamine i.v. is given on suspicion of dmgnosis. Thereafter daily infusions of 
500 mg until a normal diet supplemented by 100 mg thiamine three times per day is 
tolerated. Newsr give glucose infusions prior to thiamine as this may precipitate or 
aggravate the disorder. 
With treatment - Eyes improve - in days, though nystagmus may persist for months. 

- Ataxia improves - in weeks. 
Overall mortality: 15% + coma + death, 
KORSAKOFF'S PSYCHOSIS 
When patients survive Wernicke's syndrome up to 80% develop this condition. 
Pathology 
Lesions are identical in distribution to those of Wernicke's syndrome without 
haemorrhagic change. 
Clinical features 
There is a disturbance of memory in which new information cannot be stored. Tn addition 
the normal temporal sequence of established memories is disrupted, resulting in a 
sernifictionalised account of the circumstances which the patient may find hirnfherself in 
(confabulation). This memory disturbance can only be tested for when the confusion of 
Wernicke's disease has cleared. 
Treatment 
Oral thiamine 100 t.d.s. should be conrinued for some months, although only 20% of 

522 patients show improved memory function. 
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SUBACUTE COMBINED DEGENERATION OF THE SPINAL 
CORD 

This 'selective' disorder of the spinal cord results from B12 vitamin deficiency 

Causes 
- Impaired absorption due to lack of intrinsic factor (idiopathic) 
- Following total or partial gastrectorny or gastrojejunostomy 
- Gastric malignancy 
- Coeliac disease 
- Chronic pancreatic insufficiency 

Pathology 
Spinal cord demyelinatian with eventual axon loss - affects: 

, , -- - - - - - posterior columns and 
--------- lateral columns (corticospinal and spinocerebrllar tracts), 

Corticospinaf degeneration is most evident in the lower 
cord, posterior cakumn degeneration in the upper cord. 
Peripheral nerve large myelinared fibre degeneration also 
occurs. 

B12 deficiency resulting in neurological damage is usually associated with a megaloblastic 
anaemia, though a normal peripheral blood film may be found. 

Vitamin B12 deficiency results in the formation and accumulation of abnormal fatty acids 
with defective choline and phospholipids within the nervous system. 

Clini-1 features 
Onset is subacute 
Paraesthesia of extremities is the presenting symptom. 

Numbness and distal weakness follow. 
Walking becomes unsteady and spasticity is evident 

in the lower limbs with flexor or extensor spasms. 
More widespread neurological features including optic 
atrophy, cerebral demyelination with encephalopathy and 
dementia develop in untreated cases. 

Examination 
- Gait is ataxic with positive Romberg's test (sensory ataxia). 
- Motor power is diminished distally. 
- Plantar responses are extensor. 
- Sensory loss: loss of vibration and joint position sensation in 
the lower limbs. Stockinglglove sensory loss is found when 
peripheral nerves are involved. 
- Reflex findings are variable and depend on the predominance 
of peripheral nerve or corticospinal tract involvement. 

Mini mental function test may suggest dementia. 
Optic pallor and oentrocaecal scotoma can be demonstrated. 
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SUBACUTE COMBINED DEGENlERATlON OF THE SPINAL 
CORD 

Diagnosis 
Suspect in paraparesis with combined upper and lower motor neuron signs with "tockingl 
glovehensory loss. 

Differentiate from other causes of acute myelopathy, e.g. cord compression, multiple 
sclerosis. 

Investigation 
Peripheral blood film - megaloblastic anaemia 
BIZ (serum) low - less than 100 pglml. 
Bone marrow - megalobIastic erythropoesis. 
Investigation of underlying causes of BIZ deficiency is essential: 
- Radioactive B12 absorption tests. 
- Endoscopy and biopsy. 
- Barium meal and follow through. 
- Investigation of small intestine function, 

MRI may show high signal changes on T2 weight images of the spinal cord. 

Treatment 
When neurological dysfunction is present vit. B12 therapy must be started promptly - 1000 
pg cyanocobalamin daily for several weeks and monthly thereafter. 

Course and progression 
Untreated, the disorder is progressive, the patient eventually becoming bed-bound and 
comatose. If diagnosed and treated early (within 2 months of onset), complete recovery can 
be anticipated. In established cases, only progression may be halted. 

Caution: 
When folic acid is prescribed for megaloblastic anaemia, it will improve the haematological 
pimuse of B12 deficiency but causes rapid and occasionally irreversible deterioration of 
the neurological symptoms and signs. 

Calciferol {dt. I3) 
This vitamin is involved in muscle metabalism. Deficiency results in fatigue, muscle weakness and atrophy. These 
neurological featurea are associated with hypocalcaemia and osteomlacia. 

Tocopbeml (vit. E). 
In its active farm - D a tocopherol - it acts as a membrane stabilizer and anti-oxidant. Deficiency occurs in chronic 
fat malabsorption (e.g, coeliac disease or cystic fibrosis) and results in widespread neurological disturbanfes - 
ataxia, ophthalmoplegia, seizures and codcospinal ma dysfunction. These are halted and often reversed by i.m. 
vit. E. It has been rspeculatd that the antioxidant effect might make v i m i n  E a candidate for cytoprotection and 
repair within the nervous system. Studies in Parkinson's disease, multiple sclerosis and stmke are disappointing, 
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NUTRITIONAL POLYNEUROPATHY 

Deficiency of vitamin B complex - B1 (Thiamine), B2 (Riboflavin), B3 (Nicotinic acid), B5 
(Pantathenic acid) or 3, (Pyridoxine) - results in peripheral nerve damage. 
The combination of polyneuropathy and cardiac involvement is referred to as BERT-BERI. 

When oedema is also present it is termed wet beri-beri and, when absent, dry beri-beri. 
Beri-beri occurs in rice eating countries. 
In Western countries, alcoholism is the major cause of nutritional polyneuropathy with or 
without cardiac involvement, otherwise world wide famine and starvation is responsibIe. 
Pathology 

I --CI 
Axon -. 

-/ iJ ,,? 'Lr 
. - - - . - - - - . - - - = Y .---.---. 

- - - . . . . . - -. 
Nerve cell --*-L::/L 

1. . --.-. y- -L 
_-H-7 

Segmental demyelination and axonal degeneretion occur simultaneously 

The distal portions of nerves are initially affected. 
Anterior horn cells and dorsal root ganglion cells undergo chromatolysis. 
Vagus nerve and sympathetic trunk involvement occurs in severe cases. 

Qhkal featrrres Symptoms:Progressive distal weakness and sensory loss with painful 
Onset: gradual tingling paraesthesia involving initially lower limbs. 

Autonomic complaints - impotence, dizziness (orthostatic 
hypotension) and disordered sweating - are common. . 

Signs: 
m Varing degrees of areflexia (only ankle reflexes are lost initialIy). 
m Weakness which is more marked distally than proximally and 

initially involves the lower limbs. 
Sensory loss of a 'stockinglglove' type involving all modalities of sensation. 

a Autonomic involvement results in sweating soles of feet and 
postural blood pressure drop. 
V a p  neme involvement results in a hoarse voice and 
disturbance of swallowing. 

Associated signs 
Shiny skin on legs with poor distal hair growth. 'Hyperpathic' painful soles of feet. 
Evidence of liver failure. 
Diagnosis 
Suggested by nutritionallalcohol history. 
Supported by investigations such as peripheral blood film (elevated MCV) and disturbed 
liver function tests. 

Nerve conduction studies reveal mildly reduced motor and sensory conduction velocities, 
Differential diagnosis 
Consider other causes of subacute or chronic sensorimotor nwropathy (see page 420). 
Treatment 
A high calorie (3,000) diet should be supplemented daily with Thiamine (25 mg), 
Niacin (100 mg), Riboflavin (10 mg), Pantathenic acid (10 mg) and Pyridoxin (5 mg). 
Burning paraesthesia may respond to carbmazepine or phenytoin. 
Recovery may be very slow and incomplete but with the withdrawal of alcohol and 
adequate vitamin supplementation some improvement should occur. 
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TOBACCO-ALCOHOL AMBLYOPIA 

A large number of tonic substances can produce impaired vision. Methyl alcohol causes sudden and permmmt 
blindness. Chronic visual loss from optic neuritis develops in malnourished patients with a high tobacco 
cwsumptinn (Tobacco-alcohol amblyopia). The mechanism producing this disorder is uncertain, tobacco contains 
cyanide which in high dosage can dapage the optic nerves. 
Pathology 
Damage involves rhe papillomacfular bundle within the optic nerves, chiasrna and optic tracts. Retinal ganglion 
cells in the w u l a r  region are also affected. 
Clinical features 
- The condition slowly dwetops over weeks. I 

- Wsim in each eye bemmes hazy and blurred. I 
/ * r -=  

- Calour vision (redlgreen discrimination) is involved early. / ' Macula 
IkamJnation 
- Bilateral involvement. 
- Reduced visual acuity. 

(a central field defect \ I / 

spreading from blind \ I /  

spot to macula and I 

most easiIy detected with a red target). 
- Fundal examination is normal, chough optic atrophy will occur eventually. 
- Coexistent Wernicke Konakoff syndrome or polyneuropathy are common. 
Treatment 
Vitamin B supplementation, induding B,Z, shoutd be administered. BIZ possesses the capacity for cyanide 
detoxification. Recovery is poor if visual loss is welt established. 

ALCOHOL RELATED DISORDERS 
ACCOHOLTC MYOPATHY 
Muscle damage (elevated creatine phosphokinase) is not uncommon in alcoholics following 
acute ingestion, but this is rarely symptomatic. 

Acute nerrotizing myoputhy occurs after 'binge' drinking. 
- Acute muscle necrosis ensues with painlcramping and 

muscle twderness/swelling. 
- MyogIobin is excreted in the urine (myoglobinuria) after release 

from damaged muscles. 
- Symptoms of aIcohol withdrawal - delirium, etc. - coexist. 
- Limb involvement may be markedly asymmetrical. 
- Sometimes calf musdes are swollen and tender. 

- - - - - - -______ 
- Improvement occurs over weeks to months. 
- Serum creatine phosphokinase (CPK) is 

elevated. Marked myoglobinuria when 
present may result in renal failure. 

- Elevated serum K +  may provoke cardiac arrhythmias. 

Aetiology appears due to the direct toxic effect of alcohol on muscle. 
Chronic proximal myopathy has been described, but is relatively rare. 
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ALCOHOL RELATED DISORDERS 

ALCOHOLIC DE?+ENTM 
Experimentally, chronic alcohol consumption resula in neuronal loss. CT evidence of atrophy and 
nwropsychologiml impairment is common iu alcoholics. However, whether or not these result from the direct 
mxic and dwnenting effect of alcohol remains uncertain, 

ALCOHOLIC CEREBELLAR DEGENERATION 
Probably the commonest cause of acquired ataxia, alcohoIic patimts may dwelap a chronic cerebellar syndmme 
either as a sequel of Wemidce's syndrome or as a & s t r i a  clinical entity. 
A long history of alcohol abuse is obtained. Males are prdminantly affected. 
Onset is gradual and symptoms often stabilise. 
Ataxia of gait with lower limb inro-ordination predominates. The uppet limbs are spared. 
Nystagrnus is rarely present. Cerekllar dysarthria is usually mild. 
Coexistent signs of peripheral neuropathy are often found. 

Investigadonsi: -Abnormal liver function testa e.g. elevation of enzymes - y GT. 
- Macrocyrosis in peripheral blood film. 
- CSF examination normal. 
- CT and MRI reveal cerebellar vernal atrophy. 

Progression + may evolve rapidly and reverse with impmved nutrition and alcohol withdrawal. 
7 may evolve subacutely. 

may evolve chronically and slowly progress over many yeam. 

PathoIogy: - Purkinje cell loss in cerebellar hemispheres and in superior cerebellar vermia. 

Pathogenesis: - The disorder may be due to nutritional defi&ency, 
especially 'thiamine, or else result from the direct toxic 
effect of alcohoZ or electrolyte disturbance on the cerekllum. 

Differential diagnosis: - Distinguish from hereditary and other acquired ataxias, e.g, hypothyroidism, 
remote effects of carcinoma. 

Treatment: - Alcohol withdrawal, r wefl balanced diet and adequate vitamin supplementation. 

CENTRAL PONTINE MYELJMOLYSIS 
Alcohol abuse, debilitating disease or rapid connection of hyponatraemia m y  precipitate presentation. 
The lesion is one of demyelination with cavitation. Microscopically, myelin is lost, oligodmdrocytes degenerate 

but neumna and axons are spared. 
Clinically, an acute or subamte pontine lesion is suapeaed, evolving 

over a few days, with bulbar wealmess and tetraparesis. (locked-in syndrome). ---, 
The limbs are flaccid wirh extensor plantar responses. ' x -. . 
With progression of the lesion, eye signs become evident and 

conscious level becomes depressed -, coma 4 death. ' P O ~ S  
Investigations: 
Electrolytic disturbsnces (low sodium, low phosphate) are found. 
Liver function is normal. CSF examination is normal. 

'U 
MRI is more sensitive than CT showing an abnormality in the pons. 

Recognition of this condirion before death is important in view of i t s  rwersibility, though prior to CTIMRI 
availability it was diagnosed at aumpsy. Vigorous supportive therapy with correction of metablic abnormalities- 
and vitamin supplementation is advised. In patients with severe hypomtrsemia (< 110 rnrnoljl), especially 
alcoholics, slow correction is essential. 

CORPUS CALLOSUM DEMYELTNATION (apn: Marchiafava-Bigmi disease) 
This is a rare disorder mcurring in malnourished alcoholics. Oc~sionally diagnosed p r e m o m  by m I ,  
progressing to death over some weeks. The clinical picture is that of personality change with signs of frontal lobe 
disease. The condition onum most commonly in persons of Italian origin. 



MULTIFOCAL NEUROLOGiCAL DISEASE AND ITS MANAGEMENT 

MON-M ETASTATIC MANIFESTATIONS OF MALIGNANT 
DISEASE 

Disturbance of neurological function can occur in association with malignancy without evidence of metastasers 
(0.1 % of all cancer patients). Brain, spinal curd, peripheral nerve and muscle may be affected, either separately or 
in combination. 

Small cell carcinoma of the lung, gynafxological malignancy 
and lymphoma are the commonest associated disorders. These 
syndromes are antibody-mediated, the targeted antigen being a 
part af the nervous system. Specific antibodies, (anti-neumnal), 
ate responsible for cmain syndromes. 

e- -- Encephalitis 
4-- 

The non-metastatic mntkjestatim of malignancy are rare. 
These are not discreet, e.g. neumpathy and inyopathy may 

---------- !------ Myelopathy 
coexist -+ c~inomatous neuromyopathp; encephalitira and 
myelepathy -. carcinomatous mcephalomyelitis. 

ENCEPHALITIS (anti-Hu syndrome) 
Associated commonly with smaIl cell lung cancer (SCLC) 
usually beforc this bemrn~s clinicaEly manifest. 

Pathology 
The encephalitic process selectively 
affects the limbic system - with 
neuronal loss, astmcytic proliferation 
and perivascular inflammatory 
changes. 

CIinicd features 
Disturbance in behaviaur precedes the development of complex 
partial (temwral lobe) seizures and memory impairment. 

, Neuropathy 

,, Myopathy 

Neoromusculer 
junction disturbance 
Myasthenic syndrome 

Parahippocampal Autonomic dysfunction and sensory neuropathy often co-exist. 
Limbic system gyrus Progression is rapid. 

Investigations. Most cases are anti-Hu antibody positive. MRI is normal. EEG may show temporaI lobe 
abnormalities. CSF reveals a mild lyrnphocytosis with protein elevation. 

CEREBELLAR DEGEMZtATTON (anti-Yo syndrome) associated with breasr or ovarian carcinoma. 

Pathology: 
,, Subacute Characterised by Purkinje cell loss with some invdvwnmt 

cerebellar of the dentate nucleus. Brain stem changes also occur. 

Clinical features: 
The patient presents with a rapidly developing ataxia. 

Brain stun involvement results in nystagmus, opsicionus and vertigo. 
The course is usually rapid. 

Investigatims 
MRI show rortiml and vernal cerebellar atrophy. 
CSF is mildly abnormal and anti-Yo antibodies are 
present in 50% of suspected casea. 
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NON-METASTATIC MANIFESTATIONS OF MALIGNANT 
DISEASE 

NEUROPATIiY (see page 427) 
Seatory nmropathy: Destruction of the posterior root ganglion combined with axonal and dernyelinndve 

peripheral nerve damage causers progressive sensory symptoms. The neuropathy is subacute 
or chronic in evolution. Clinically dysaesthesia and numbness starts in extremitia and 
spreads. Associated with SCLC and anti-Hu antibodies. 

Sensordmotw neuropathy: A mixed neuropathy with weakness and sensory loss. T h e  syndrome may predate the 
recognition of rhe underlying neoplasm. Rate of progression is slow and predominantly motor 
forms may be mistaken for ALS (page 535) associated with Hodgkin's and other lymphomas. 

Rarely an acute neuropathy indistinguishable from postinfectious polyneumpathy occurs. 
WECROTESMG MYELOPATHY: 
Flaccid paraplegia develops subacutely. Spinal MR1 may show a swollen cord. Mechanism is uncenian. Assmiated 
with lymphoma and leukaernia. 

MYOPATHY 
Muscle weakness in malignancy takes several forms. 
Proximal myoparhy: A slowly progressive syndrome with weakness of proximal limb muscles. 
InfIamatory myopathy (polymyositis/derrnatmyositis) (see page 456): 

The overall incidence of nsaociated neoplasm in inflammatory myopathy is 15%. The typical patient is in 
middle age with a proximal weakness, elevatd ESR and muscle enzymes with or without the skin features of 
dermatomyositis. 
Myoparhy wizh dndocriffe distwlrmce: Ectopic hormone production (by malignant cells) may induce a myopathy 
characrerised by chronic progressive proximal weakness, e.g. ectopic ACTH prduction from small cell carcinoma 
of lung. 
Cachetic myopathy occurs in terminally ill, wasted patients. 

In all mmpected non-metastatic syrdromes, e search for the carrsd tumatsr t assnlial fpelm'c CT/ 
ultmsormd, CT cheatfbronchosco~). Identt$?catiots rmd treatment may result in regression af 
neurologicaI symptams. 

Specific treatments 
Apart from direct treaunent of the tumour, imrnunotherapy - steroids, IVIG, cyclaphosphamide, pIasmapheresis 
have all been tried in deteriorating patients with variable success. 

THE MYASTHENIC SYNDROME (Eaton-Larnbert syndrome) 
A disorder of the neuromuscular junction in which antibodies develop 
against caZ+ channels on the presynaptic membrane. 

Acetycholine release following nerve stimulation is deiicient. ----- 
This autoimmune disease is occasionally associated with malignancy. 

Clinical features 
The patient develops weakness of lower then upper limbs with s tendency to fatigue. Following brief exercise, 
power may paradoxically suddenly improve - second wind phenomenon. In aontrasz to myasthenia gravia ocular 
and bulbar muscles are rarely affected. Examination reveals a proximal pattern of wasting and weakness with 
diminished tendon reflexes. Up to 50% of patients experience symptoms of autonomic (cholinergic) dysfunction - 
impotence, dry mouth and visual disturbance. 

Diagnmia 
Confirmed electrophysiological~; the 'semnd wind phenomenon' is shown up as an incrementing response to 
repetitive nerve stimulation (as opposed to the decrementing response in myasthenia gravis, page 463). Antibdies 
to ca2+ gated channels are detected in serum. 

Treatment 
Guanidine hydrochloride and Carninopyridine enhance acetylcholine release by acting on calcium and porassiurn 
channels. These treatments are effective but toxic. 3, 4-diarninopyridine (less toxic), steroids, anticholinestetases, 
plasmaphewsis or TYTG may help. 

This syndrome may respond to the remova! of the underlying neoplasm if present. 529 
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- 

DEGENERATIVE DllSORDERS 

Introduction 
This heterogeneous group of neurological diseases chstracterised by selective neuronal loss, 
is grouped together by the lack of known aeuology. As causes of such &$ease are identified 
(e.g. metabolic, viral) they have been reclassified in their appropriate category. Of the 
remaining conditions many are age related or familial and in some there is an identifiable 
genetic basis. 

Characteristically these disorders: 

- are gradually progressive 
- are symmetrical (bilateral symptoms and signs) 
- may affect one or several specific systems of the nervous system 
- m y  demonstrate a specific pathology or just show neuronal atrophy and evenma1 loss 

wirhout other features. 

Classification 
Degenerative disorders are classified according to the specific part or pans of the central] 
peripheral nervous system affected and according to the ensuing clinical manifesta~ions. 
These degenerative disorders may be alternatively termed the system degeneradims because 
of their propensity to affect only part of the nervous system. 

Progresnkre d e ~ e n t i a  wirh .-- -- Progressive dementia 
other neurological features - --------- - e-g. Alzheimer's disease 

e.g. Huntington's chorea 
(page 124) 

Progressive blindness '-Progressive dtafness 
e.g. Leber's optic e.g. Pure sensorineural deafness. 

nwropathy. Sensorineural deafness + 
Retinitis pigrnentosa ,,' , other neurological features 

\ 
\ 

Progressive movement disorder 
e.g. Parkinson's &$ease (page 351) 

Progressive limb weakness 
+ sensory a'nvolvement - --, - i 

1 

e.g. Hereditary neumpathie k. 

(page 428) Progressive limb weakness & 
bulbar weakness 
e.g. Motor neuron disease 
Spinal muscular atrophy 
(page 5383 

Most of these conditions are discussed in other chapters. 
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PROGRESSIVE BLINDNESS 

LEBER'S OPTIC NEUROPA'SHY 
Leber's optic neuropathy is a familial disorder of maternal inheritance with a tendency to affect maleg significantly 
more than females. It is classified as a mitochondria! disorder due to DNA muratian (page 503). 
Pathology Light source The layers of 

,- Loss of ganglion cells in the retina t h  ret iw 

-- Demyebnation and axonal loss in the 
optic nerve (papiIiomncular h d c )  

(3linical features 
Onset of visual loss in late teens/early twenties. 

- The f rst symptom is blurring of vision 
- B& eyes are simultaneously affected (rarely one eye months 

before the other). 
- Central vision is lost with hrge bilateral smtomta. 

Characteristically, blue/yellow cofour discrimination is affected before 
redjgreen. The opric disc initialty appears pink and swollen with an 
incrcafe in small vessels, eveomally &corning pale and atrophic. 

Visual impairment progresses with peripheral constriction of the fields. 
Complete visual loss seldom occurs. Occasionally vision can marginally 
improve. 

Associated symptoms and signs of a more generalised nervous syatem 
disorder occur in a propomon of a s p s  - dementia, araxia, progressive spastic paraplegia - and confirsion with 
multiple sclerosis may arise. Diagnosis is based on family history. In wntrast to bilateral optic neuritis, 'leakage' 
occurs with fluorescein mgiography. Several mitochondrid DNA mutations are detected in the peripheral blocd. 
Treatment: No treatment i s  effective. 

Loss of rods, degeneration of cone. 
RETINITIS PIGlCiENTOSA and ganglion cells are also affected. 
R hereditary disorder of the retina which may be inherited Pigment migrates to superficial layers 
as an autosomal dominant, recessive or X-linked 
disorder. All layers of the retina are affected. optic nerve may show some ghosis, 
Posterior pole cataram md glaucoma are but often is remarkably normal. 
occasionally assuciated. 

Qidcal features 
Onset of visual loss in childhood. Both eyes are sirnuitaneously affected. 
Initially rhtre is a failure of twilight vision. The patient has difficulty in 
making his/her way as darkness falls (nyctalopia). T h e  retina around h e  
mamlar area is first affected resulting in a characteristic ring scomma. This 
gradually spreads outwards; eventually only a small 'tunnel' of central vision 
i s  left. Finally, mmplete blindness o m s .  The majority of patients are 
mmpletely blind by 50 yean of age. 
T h e  fundal appearance is diagnostic as a 

result of the superficial migration of pigment. 
The elecrroretinogram - recording the electrical ,,--Clumping pigmentf 

activity of the retina - is eventually lost. (corpuscular appearance) 

Treatment - -- Pale optic diac 
None. Vitamins and steroids h v e  been tried unsuccessfully. 
Associated co3d3dons in retinitis pigmentosa Anenuated vmsds 
Sweral conditions are associated with retinitis pigmentom: 
- Hypogonadisn/obesity(mental deficiency - Laurence Moon qndmme 
- Spinocerebellar ataxia - Friedreich's ataxia 

The association with neuroparhy and a m i a  (NARP), or prugressive external ophthalmoplegia and hem block 
(Kearns-Sayre syndrome) are due to mitochondria1 disease (page 462) 
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PROGRESSIVE ATAXIA 

The degenerative disorders manifested by progressive ataxia are termed spiaocerebeliar- 
ataxias 
These may be classified by age of onset, presence of associated features, but increasingly 
by mode af inheritance. 

RECESSIVELY INHERITED ATAXIAS 
ATAXIA TELANGIECTASIA (Louis-Bar Syndrome) 
This multisystem disorder i s  charaaerised by 
progressive cerebellar ataxia, ocular and 
cutaneous telangiectasia and irnrnmodeficimcy. I; 

The gene defect has been lccalised to 
chromosome 11. 

Pathologically, widespread cerebellar Purkiaje and granulat cell loss m r s .  
A progressive ataxia develops in infancy. Telangiectasia develops latet, becoming more obvious after exposure to 

the sun. Prevalence similar to Preidrich's atwia. 
Patients are eventually confined to a wheelchair and, because of associated low serum immunoglobulin levels are 

susceptible to repetitive infections. 
Malignant neoplasms occur in 10%. 
Giving radiotherapy for these turnours muses an increased incidence of chmmoaomal breakage and 

rearrangement, suggesting defective DNA repair mechanisms. 
Death occurs in semnd or third decade from infection or malignancy (often lymphoma). 

FRXElIRICH'S ATAXIA 
Prevalence: 2 per 100 000 persons. 
The responsible gene has been lccalised m chromasome 9. The spectrum of abnarmalities relating to the gene 
locus i s  wide but ataxia, areflexia, dysarrhria and decreased proprioception are present in all cases. 

Spinal: The spinal cord i s  shnmkea, especially in the thoracic region. 
There 1s degeneration, demyelination and gliosis of: 

1. - Posterior columns 
2. - Corticospinal t ram 
3. - Dorsal spinocerebellar tracts 
4. - Ventral spinocerebellar tracts. 

Dorsal roots and periphera! nerves are shrunken in advanced cases. 

Cerebellar: Changes in the cerebelium are less marked, there js Purkinje cell loss and atrophy of the dentate 
nucleus. 
Periphral tnereres show loss of large myelimted axons and segmental demyelination. The corticobulbar tract and 
~erebrurn are relatively spared. 
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RECESSIVELY INHERITED ATAXIA 

FRIEDREICHrS ATAXIA (em4 
Qi~lical features 
Sexes are equally affected. Age of onset ranges from 5 to 20 p s .  
Disturbanae of balance is the initial symptom, often assMated with the development of smliosis. A spastic, ataxic 
gait develops with inco-ordination of the limbs. 
Corsicospinal war involvement rmlts  in limb weakness with absent abdominal reflexes and extensor plantar 
responses. 
Posterior column involvement results in loss of vibmrion and proprimeption i n  the extremities. 
DmsaI root and peripheral mme involvement results in absent lower limb reflmes. 

Invofvement of myocardial muscle (cardioagopathy) is mmrnon and results in cardiac failure or dysrhythmias, 
Muscuiokebtal abmrmaliaies occur in 80% of cases. 

I I 1 .  Pes cuvw (club fmt) 
with extension of 
metatarsophalangeal and 

2. Kyphoscoliosis 
Excessive 
posterior and 
lateral 
curvature 
of the spine. 

Optic amphy, deafncsa and diabetea mexist in many cases. 
The disease is progressive. Patients are usually unable m walk within 5 years of onset, and death from cardiac 

(cardimyopathy) or pulmonary (kyphoscoliosis) complications occurs within 1&20 years. Mild forms with near- 
normal life expectancy occur. 

Diagnosis 
This is made on dmical grounds, usually with a known family history and by excluding other causts of carly- 
onset areflexic ataxia. 

Abstalipoprotknm'a (Bassen Komzweig disease) 
m Malabsorption syndrome 
e Acanthocytes (thorn-shaped red blood cells) 
m Low serum cholesterol, triglycerides and fatty acids. 

Hexosmimduse deficiency 
AccumuIation of GGMa gangliosidm in brain and skin. 

Vitamin E deficiency 
a Undetectable serum vit E levels. 

Xwodertna pigmantom 
r Sensitive to ultraviolet light 

K e m s i s  md skin cancer. 
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DOMINANTLY INHERITED AND OTHER ATAXIAS 

Adult onset disorders. Previous classification was clinically based. Now, increasingly 'gene- 
locus' syndromes have been defined. 

Type 1 - Age of onset 35-55 years - ataxia , dementia, spasticity 
Type 2 - Age of onset > 55 gears - mid-line ataxia sparing speech/limbs 
Type 3 - Age of onset 50-60 years - ataxia, titubation and tremor 

Clinical ' 
Features 

- 
Genetic 
Basis 

INTERMITTENT ATAXIAS 
These syndromes have childhood onset and usually a metabolic basis 

e.g. Aminoaciduria - Harmup's disease 
Hyperamnoaaemia - Arginase deficiency 
Pyruvate/lactate - Mitochondria1 disorders 

A rare condition - aurosomal dom'nunt periodic ataxia - presents in childhood with episodic 
dysarthrialamxialvertigo and nystagmus, Mapped ro chromasome 9 (similar to familial 
hemiplegic migraine) and uniquely responsive to the carbonic anhydraae inhibiter, 
acetazolamide. 

Autosomal 
dominant 
Cerebellar a* (ADCA) 
Type 1 

Ataxia 
Ophthahoplegia 
Mild dementia 
Optic atrophy 

IDIOPATHIC LATE ONSET ATAXIA 
Some may be new mutations of ADCA, For diagnosis all other causes of acquired ataxia - 
inflammatory, infective, nutritional, metabolic, endocrine and non-metastatic - must be 
excluded by appropriate investigations. 

Spasticity 

Chromosome 6 
- expanded trinucleotide 
repeat (CAG similar to 
Hunrington's disease) 
termed Spinoce~ebellar 
ataxia locus - 1 - SCA I 
also Chromosome 12-SCA 2 

Chromosome' 14-SCA 3 

PROGRESSIVE SPASTICITY 
Autosomal dominant: Onset 204Q years, predominantIy lower limb involvement, power 
preserved. 
Autosomal recessive: Childhood onset. Diagnosis by exhaustive exclusion. Significantly 

534 disabling. 

Autosomal 
dominant 
Cerebellar ataxia (ADCA) 
Type 2 

Ataxia + Retinopathy 
(progressive visual loss) 

f Dementia 
- extrapyramidal features 

Gene mumtion, probably 
unstable trinucleoride repeat 
- chromosome location 
unknown 

Autosomal 
dominant 
Cerebellar ataxia 
( rnCA)  Type 3 

Ataxia (alone) 
- Age of onset 

> 50 years 

Chromosome I1 - 
expanded 
trinucleotide 
repeat 
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MOTOR NEURON DISEASE/AMYOTROPHIC LATERAL 
SCLEROSIS (A LS) 

Motor neuron disease (MND) is a progressive 
condition characterised by degeneration of 
upper and Iower motor neurons. 

Different terms are used to describe 
CORTEX involvement at  each level: 

1. Frontal atrophy in the precental 
gJTUS - FRONTAL DEMENTLA 

2. The corticobulbar pathway: 
PSEUDOBULBAR PALSY. 

3. The cranial nerve nuclei: 
PROGRESSIVE BULBAR PALSY. . Corticobulbar 4. The corticospinal tract: (Called 
PRIMARY LATERAL SCLEROSIS 

when this tract alone is affected) 
5 .  The anterior horn cell: 

PROGRESSWE MUSCULAR ATROPHY. 

The term A M Y O T R O ~ I C  LATEKA~ SCLEROSIS 
(ALS) is now used synonymously with motor 
neuron disease. 

Epidemiology 
Incidence: 2 per 100 000 per year, 
with a prevalence of 6 per 100 000. 
Clusters and conjugal cases have 
been reported. 
Familial ALS accounts for 5% 
of cases and is usually inherited 
as a dominant trait. 
Sex ratio: malelfemale - 1.5: 1 
Mean age of onset - 55 years. 
Mean survival - 3 years (50%), 

I 
I 
I 

D 

over 5 yrs (28%) 

Anterior -- 
E: 

Pathology 
horn cell Naked y e :  Thinning of anterior roots 

neuron 3 ' of spinal cord, Most noticeable in 
cervical and lurnbosacral regions. 

Microscopic: Loss of neurons in motor cortex. 
Loss of neurons in cranial nerve 
nuclei and anterior horns. 
Section of brain stem: reduction of 
corticobulbar and corticospinal fibres, 

Na evidence of inflammatory response is seen in involved structures. 535 
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MOTOR NEURON DISEASE/ ALS 

AETXOLOGY 
The  cause of motor neuron disease is unknown. Several possibilities have been suggested: 
- Ageing: Premature ageing in certain motor cells may result in increasing metabolic demand upon survivors. As 
a consequence the survivoss also suffer premature loss. This process could be 'triggered' by genetic and 
environmentat factors. 
- Viruses: Chronic virus infection has been suggested. Polio virus will acutely damage the anterior horn cell and 
c h i c  polio infection auld  thmrPtically produce m m r  neuron disease. Some daim that momr neuron disease 
follows acute poliomyelitis; however, when rhis wcurs the clinical picture is not typical and may resemble more 
closely Spinal Muscular APophy (see later). Polio antibody titres remain normal. Virus-like particles have been 
reported in Rome patients with MND, but transmission to non-human primates has been unsuccpssful. 
- Toxins: Certain metals, lead, selenium, mercury and manganese have been incriminated, but again evidence is 
inconclusive. 
- Minerale: Clinical similarities between MND and neurologicaE involvement in hyperparathyroidism and 
phosphate deficiency sugget a relationship with chronic calcium deficiency. 
- Genetic - in a proportion of such cases the gene for familial ALS has been localised to chromosome 21 at the 
locus for the enzyme superoxide disrnutase [S.O.D.) 
- Excitotoldns - excitatory amino acids are  implicated in many 'degenerative' disorders. Glutamate may be 
important in ALS. 

An increased incidence of gamic svrgexy in suffmm, the presence of immune wmplaxes in small bowd biopsies 
and disordered callulor immdty  have been noted but causative relationships are unclear. Antibodies against 
voltage-gated Ca+ + channels have been detected. 

CLINICAL FEATURES 
A t  onset: 
Asymmetric weakness and wasting of extremities - 75% 
Bulbar or pseudobulbar features - 25% - dy sphagia or dysathria 

Frontal dementia 
This occurs in 3-5% of all patients, but is more prevalent in familial cases. 

Pseudobdbar palsy 
Features are due to degeneration of corticobulbar pathways to V, VII, X, XI and XI1 
crania1 nerve motor nuclei (with sparing of 111, IV and VI). 

There is an apparent weakness of the muscles of mastication and expression, the patient 
has diEmlty in chewing and the face is expressionless. The jaw jerk (page 153 is 
exaggerated. 

Food and fluid enter nasopharynx when swallowing - 
palatal weakness (X). 
Gag reflex is brisk when soft palate is stimulated. 
Speech is drawling and monotonous. 
Swallowing for solids is difficult (X). 
Tongue is immobile, pointed and cannot protrude (XII). 
Emotional lability - unprovoked outbursts 
of laughing or crying occur. 
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MOTOR NEURON DISEASE/ALS 

Progressive bulbar palsy 
The symptoms and signs are due to a disturbance of the motor cranial nuclei rather than 
corticobulbular tracts. The condition is distinguished from pseudobulbar palsy by the 
presence of lower motor neuron (nuclear) signs. 

Atrophy and fasciculations are present in 
cranial nerve innervated muscles. 

Fasciculations are visible muscle twitches 
which occur spontaneously and represent 
groups of discharging motor units. 

The tongue appears wasted and folded; 
fasciculations produce a writhing appearance, 
Jaw jerk and gag reflex are absent. 

Corticospind involvement 
Signs of corticospinal tract disturbance with: 
- Increased tone. 
- Brisk reflexes. 
- Extensor plantar responses. 
- Distinctive distribution of weakness 
(extensors in upper limbs; flexors in lower limbs). 
Spasticity is rarely severe (intact extrapyramidal inhibition). 
(Primary lateral sclerosis is a slowly progressive form 
of ALS restricted to the cortical spinal tract.) 

Progressive muscular atrophy 
Signs and symptoms are due to anterior horn cell involvement. 
Atrophy, weakness and fasciculations are the cardinal features. 

The patient is often aware of faaciculation. 
Muscle cramps are common. 
Weakness is not as severe as the degree of wasting suggests. 

In the hand: wasting is evident. 
1st dorsal interasseous muscle and 
tendons become prominent as hand muscles 
waste, giving 'guaered' appearance - 
SKELETON HAND. 

As the disease progresses, all levels of the motor system become involved. Respiratory muscle 
weakness ulbimwlately occurs and is the usual cause of death. 
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MOTOR NEURON DISEASEJALS 

DifferentEd diagnosis includes diwrders 
which produce combined upper and Segmental (LMN 
lower motor neuron signs, e.g. signs) weakness 

Cervica I spondy Eosis - 
Spinal mmrs. Corticospinal 

muscle weaknsss 

Hemsammidm dgficimcy (autosomal recessive disorder) may mimic ALS. 
An ALS like syndrome can occur w i h  elmared s e w n  pmuprateim and lymphopruliferative disease. 
Hyperthyroidism and hyperparathyroidis produce muscle wasting and hyperreflexia. 
Pseardobulbor palsy may result also from cerebrovascular disease or multiple sclerosis. 
Progrexsive muscular nrruphy may lx confused with a spinal muscular atrophy, limb girdle dysrrophy, diabetic 
amyotrophy or lead neuropathy. 

N.B. IN MOTOR NEURON DISEASE: - Smmy signs do not occur 
- Bladder is never inwlved 
- Oculm mwcles are never affected. 

Investigations 
EMG reveals denmation with fibrillation. 
Nsrve mduct ion  stdies shows normal velociticn md exclude in all limbs multifocal neumpathy with conduction 
block. 
MRI (or myelograpky) where appropriate excludes foramen magnum or spinal cord compression. 
Thyrhd and calcium srudies exclude endocrine or metabolic disease. 
In selected cases screen for paraproteinaemia, lymphoreticular disease and hexosaminidase deficiency. 

Diagnosdc criteria 
Clinicd features - W M N  signs Supportad by - fasiculatiohs 

- LMN Signs - Neurogenic EMG 
- Absence of 

sensory signs - Normal nerve 
- Progression conduction studies 

- exclusion of other 
cause(s) 

TREATMENT 
Discuss the diagnosis fully with the patient and carers, and either multidisciplinary support and wuns~Iling. 

Symptomatic treatment: 
Ariarth-ia and dysurth~a: - S p e d  assessment and communication aids when indicated. 
Dysphepia and ospiracion: - Percumeous endoscopic gastrostorny PEG) 
Nurrdrion: - Estimate catorific content and supplement diet with vitamins. 
Muscle weakness: - Physiotherapy, walking aids. Splints, etc. 
Respiratory failure: - Management poses problems. The mle of tracheostomy and assisted vmriladon in r 

disorder that leads eventually to total paralysis is debatable. 

Therapeutic trials 
There is no pmven treatment, nonetheless patients are only too k m  to pmicipate in clinical rrials. These must 
always be properly designed and have scientific rationale. 
Recent studies have evaluated: - Brmch chain amino acids 

- Neuromphic growth factors 
- Irnmunocherapy 
- Glutamate antagonists (RDuzole) for pseudobulbar presentation 

Trials are 'dogged' by the need for placebo connols in a relentless fatal illness. 
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INHERITED MOTOR NEURON DISORDERS 

SPINAL MUSCULAR ATROPHIES (SMAs) 
A group of anterior horn cell disorders. An estimated 1 in 40 persans carry the SMA gene. Classification relics on 
age of onset, rate of progression, dismburion and made of inheritance. 

Type I - Werdnig Hoffman disease (Acute Infantile SMA) 
This is an autosomal recessive disorder. 
Incidence 1:25 000 births 

Reduced large fibres 

Loss of 
anterior -- 
horn cells 

\- in peripheral ne 

anterior root 

Grouped or 
'neurogenic' . atrophy of either 

muscle fibres 

Clinical features: 
Reduced fetal movements in late pregnancy with weakness and hypomnia at birth. 
Swallowing and sucking are impaired 

The child lies with arms and legs abducted and 
externally rotared (hypotonic postwe) different from other 
Contractures, wasting and fasciculatim gradually causes of 'floppy' infant. 
become evident J 
All motor milestones are delayed; 95% of all patients are dead by 18 months. 

Type TI- Kugelberg Welander &maw (Late infantile or juvenile SMA) 
Pathologid features similar to Werdnig Hoffman disease. 
Autoaomal excessive (1:25 000 births) autosomal dominant (1:100 0 0  births) 

Clitsical features: 
Limb girdle muscles affected. 
It is slowly progressive with great variability wen within the same family. Medim age at death 12 years. Survival 
to adulthood wcurs in the dominant form. 

Type lII (Adult mset SMA) 
Caused by three distinct genes - autotsomaE dominant, recessive and X linked recessive. Onset between 2nd and 
5th decade with progressive limb girdle weakness. Distinction from progressive muscular atrophy form of ALS is 
difficult. A benign course supports the former. 

Distal and scmpuloperoned forms 
Differentiation from HMSN typs I and I1 (page 428) and scapuloperond dysmphy [page 453) is clinically 
difficult and separation may only be possible on histological and neurophysiological grounds. 

JwvenUe bulbar palsy (Kennedy syndrome) 
X linked recessive disorder presenting in late childhod with drooling and dyrsarthria, progressing to aspiration 
pneumonia and respiratory failure charactwised at Xq12 (androgen receptor gene). Limb involvement and 
pyramidal tract signs can occur. Few patients survive the second decade. 

Mmwement of spinal mmcnlar atrophies 
There i s  no specific treatment. Care is supportive. Genetic counselling is msential. 
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NEUROCUTANEOUS SYNDROMES 

Pmiously called Phakomamses - Phakos Greek: birthmark 
Thcsc disorders are hereditary, characteriscd by multiorgan rnalformetions and tumoun. T h e  literature includes 
many varieties of such conditions; most are wtremtly rare. Only the more major dirsordcrs are described below. 

~ O P I B R O M A T O S I S  
Two distinct types occur: 
Type I (h7Fl) TYP 2 ( N E a  
Charncterisd by cefk au lait spots ond CharacteTiscd by mmours [~chwannomns) 
ncurofibmmas (Vm Recklinghausen's disease). of the eighth aaniat nerve (vestibular division). 
Xmcidcncc: 1:4000 1 :50 000 
Inheritance: Automind dominant gene on Autosomal dominant gene on 

chromosome 17 with a chromnsomc 22. 
spontaneous mutation rate of 50%. 

Pathelogy (type 11: 
An cmbryologial dimidtr in which Imlised owergmwth of mesodermal or e c t d m a l  tinwe produces turnours of: 

/ I 1 \ 
meninges vascular system skin, visctra peripheral and cmtral 

n e m s  systems 
Pathology (type 2): SEe page 385 
ainical features (type 1 1: v $ 
Skrn malsifestatiom:- Cafk au hit spata: 

tight bmwn patches on the trunk ----I ,,--_ _ _ _- 
w i h  well dcmamted edges. -c 

Subcutaneous nrumfibmmam _- 
lying along peripheral nerves ---_ 
and enlarging w~th  age. 
Mollusra fibrosa: 
cutaneous ti b m n a ~  - large, 
pedunculacd and pink in ._ _ 
colour. -+  

Plexiform nwrwna: 
diffuse neurofibroma 
associated wirh skin and 
subnrtaneous overgrowth '-- -- - -- - - 
and occasional underlying b y  

SA~leral mm~l~c~tatirrm: - 50% of patients d b ~ t  scoliwis. 
Subperiwtcal neurofibromae may give rise to bone hypemophy 
or rariiication with pathological Fractures. Sphenoid wing dysplasis 
i s  a rare but diagnostic abnormaliry. 

Omlm:- Lisch ndutes are melanqtic hamartornas of the i r is and are secn on slit-lamp examination in 90% of 
petimm 
Neoplafiu: - A  high incidence of leukernin, neumbhstoma, meddary thyroid carrioorns, aod multiple endocrine 
neoplasia oaurs. 
Neurolop+cal manifuratiorrs: - Mental retardation and epilepsy occur in 10-1 5% of patients without inmacranial 
neoplasm. 
Ccrebrovascuhr accidents as a wnsqnence of intima1 hyperpiasla are not uncommon, Three p a m s  of 
neurnlogical neoplnsia art recogniscd: 

Opric neme glioma 
Multiple meningioma. 

Meningiwne 
Neurofibroma 
Glioma. 

Neurofibmmn - a 
proportion of which 
become sawmatous. 

Cl ln td  f e % m  (type 2) 
Skeletal rnanifcstatims arc a b r .  CaE m lait spots rare. Posterior subcapsular camram omur in SO% ofcases. 
Eighth nerve rumours arc bilorcral. 

540 Othcr intracranial and inmaspinal neoplasms occasionally occur. 
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NEUROCUTAMEOUS SYNDROMES 

NEUROFIBROMATOSIS (cmcimed) 
Qlagnods 
A family history is obtained in over 50% of patients. In type 1, the cutaneous manifestations are- chmcteristic, 
though they may be extremely mild with only cafk au lait spors (more than 6 in an individual is diagnostic). As a 
rule, the more florid the cutaaeous manifestations the lpss likely is there nervous system Involvement. CT 
scanning, MRI and myelography m y  be necessary when nervous system involvement is suspected. Type 2 is 
diagnosed when imaging (MRI) confirms bilateral vestibular schwamomas, The m m t  cloning af the type 2 gene to 
chromosome 22 may lead to direct gene testing in persons st risk. 

Trentmwt 
Plexiform neuromas may be removed for cosmetic reasons. The management of intracranial and intraspinal 
tumours has already been discussed. 

TUBEROSE SCLEROSYS 
Incidence: 1 :30 000. 
Autosomal dominant inheritance with high sporadic mutation rate. Linkage studies suggest a locus on 
chramosome 9. 
Characterised by cutanmus, neurologic, renal, skeletal, cardiac and pulmonary abnormalities. 

Pathology 

An embryological disorder. 
Hard gliotic 'tubers' arise anywhere within rhe hemisphere but commonly around the 
ventricles. Projection into the ventricles produces a typical appearance Iike 'dripping 
candle wax'. 
Tubers in the brain result f h m  Transition may occur 
astrocytic overgrowth with large from gliosis to a 
vacuolated cells and loss of subependymal 
surrounding myelin. asuocytoma. 

As well as skin lesions, primitive renal turnours and cystic lung hamartomas Occur. 
< - - =  - - -  

Clinical features 
Skin manifeszarians 

63 
The cutaneous lesions are characteristic - adenotna sebaceum, r red raised papulr-like 
rash over the nose, cheeks and skin, appears towards ------------- 

the end of the 1st year, though occasionally as late as the 5th year. 
Depigmented meas on the trunk resembling vitiligo are common. 
Pi bromas and cafk au lait spats occur occasionally. 

- 
u 

Neurological monifestnrioffs: - Mmtal retarchion is present in 60% of patients, though the onset and its 
recognition may be delayed. 
Seizures occur in airnoat aII patients, often aa eartp as the Is? week of life. Attacks are initially focal motor and 
eventually become geoeralised. The response to anticonvulsants ia variable. 
Intracranial neoplasms - astrDcytomas - arise from tubers usually close to the ventricles and may result iu an 
obstructive hydrocephalus. 
Neoplasia: - Renal mrcinoma occurs in 50% of patients, Retinal tumours (hamartomas) and muscle turnours 
(rhabdomyomas) are common, the latter often involving the heart. 

Diagaosis: 
The presence of epilepsy and adenoma sebaceum is diagnostic. 
CT scan may show subependymal areas of calcium deposition. MRI shows waEcified subependymal tulxrs. 

Other developmental abnormalities may be evident, e.g. rnicrogyria. 

Trtatmmt: 
Anticonvu~sant therapy for epilepsy. Surgical removal of symptomatic lesions. 
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NEUROCUTANEOUS SYNDROMES 

STURGE-WEBER SYNDROME 
This disorder is chnractmsed by a facial angioma associated with a leptomeningeal venous angjom. T h m  is no 
clear panern of inheritance. Practically all cases are sporadic. 

CAPILLARY NAEVUS Thickened leptomeninges, 
or 'port wine stain' commonly ipsilateral to the . usually involving facial mews and full of 
forehead and eyelid , abnormal vessels, overly an 
conforming m the 1st ATROPHIC HEMISPHERE 
or 1 st and 2nd divisions enemtive 
of the trigeminal nerve. and raaculm calcification 

- EYE DISORDERS mosr marked in 
eto-occipital vmsds. 

are common 
-buphthalmoa 
(congenital glaucm), EPILEPSY o m r s  in 75% 
choroidal angioma. usually presenting in infancy. 

HEMIPARESIS, HOMONYMOUS HEMIANOPIA, occur in 30%. 
BEHAVIOURAL DISORDER AND MENTAL RETARDATION occur in 50%. 

Skull X-rays shows parallel linear calcification (tram-line sign) and CT scan, in addition, shows the aesoaated 
atrophic change. Angiography demonstrates dilated deep cerebral veins with decreased cartical drainage. 
Arteriovenous and dural venous sinus malformations are present in 30%. 

Treatment 
Intractable epilepsy may require lobectomy, or wen hanispherecmmy. Some recommend m l y  excision of the 
surface lesion, but the rarity of rhe condition prevents thorough treatment evaluation. 

VON HIPPEL-LTNDAU DISEASE 
An autosomal dominant disorder in which haemangioblastomas are found in the cerebeltum, spinal canal and 
retina, and are associated with a number of visce~al pathologies: 
- Renal angioma 
- Renal cell carcinoma 
- Fhaeochromocytoma 
- Pancreatic aclenom/cyst 
- Erythrocyrosis 
- Cysts and haemangiomas in liver and epididymis. 

The gene responsible has been Iocalised to chromosome 3 
though gene linkage diagnosis is not yet available. 
Any of the above may produce signs and symptoms. 

Retinal hummrgioblascomn is seen on fundoscopy - - - - - - - - - - - 3 
and may produce sudden blindness. These often produce 
the earliest clinical manifestanon of disease. Confirm with 
fluormcin angiography and treat with cryosurgery or 
phatacoagularion. 

Cerebellar hnmuragioblmastoma presents with 
progressive ataxia. Compression of the fourth 
ventricle may cause hydrocephalus with a subsequent 
rise in intracranial pressure. 

Spinal canal hammgioblasrom - inuadural or intramedullary lesion presenting with sigm and symptoms of cord 
or r w t  compression. 
Diagnosis is estabIished from family history and cranial imaging (MRI or CT). Renal ultrasound, abdominal CT 
and urinary amine estimations are requirwl to mmplete the evaluation. 

ATAXIA TELANGECTASLA - see page 532. 
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