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Preface

A carefully selected group of collaborators contributed to this
book on evidence-based neurology, which aims to answer
more than 100 clinical questions about treatment and man-
agement of neurological disorders. Participating authors, all 
of whom have clinical experience in specific neurological dis-
orders, used a standard approach to search and summarize the
results of existing scientific evidence in an attempt to provide
readers with a straightforward text.

Thus we hope that this volume will be a useful tool for all
general neurologists, from the oldest to the youngest, in
their everyday clinical practice.

We aim to offer a product that:
• summarizes the most recent and important findings on
treatments for neurological patients;
• provides answers to at least one treatment uncertainty;
• measures the benefit and, when applicable, the risk of
harm inherent in specific neurological interventions.

We do not pretend to have provided complete coverage of
the neurological field, because some important topics were
not included. We also do not pretend to be completely evi-
dence based, because some important clinical questions do
not have an evidence-based answer. We selected a set of top-
ics on the basis of practical judgement, and we systematically
searched the literature that contained answers. We hope
that the reader will not be disappointed that the whole of
neurological treatment is not covered, or that the information
provided for each topic is not 100% comprehensive.

Nowadays regulatory agencies such as the FDA and EMEA
play a role in guiding clinical practice. Guidelines and prac-
tice parameters, more and more frequently, produce inter-
nationally and locally applicable clinical rules. Of course
clinicians must be able to obtain these guidelines and know
how to use them in their practice. However, sometimes they
also need to refer back to primary studies and to weigh their
personal experience against specific clinical research, taking
into account both the design and results of that research.
They need to know the characteristics of the patients
included in the studies, which modalities were used to give
the intervention being evaluated, which drugs and dosages
were used, and they need a complete list of the outcome
measures evaluated and the side effects reported by the orig-
inal papers. Furthermore, they need to understand to what

degree these studies are in line with their knowledge of the
physio-pathology and of the natural history of the disease.
This volume provides some of this information. It is
intended to fill the gap between guidelines and primary
studies as well as between primary and secondary scientific
medical literature.

Book structure

This book has three sections and 24 chapters. Part 1 includes
four introductory chapters on methodological issues related
to evidence-based neurology (EBN). Part 2 (8 chapters) 
covers some routine interventions for symptoms common to
several neurological diseases. Part 3 (12 chapters) covers a
range of common or important illnesses and conditions.

We followed the Cochrane Collaboration guidelines for
search strategies (Cochrane Reviewers’ Handbook 4.2.2;
Chapter 5: Locating and selecting studies for reviews) unless
otherwise specified in each chapter. We used different types
of studies to present the best possible summary of the evi-
dence, joining a number of different sources using the usual
hierarchical order proposed by the evidence-based move-
ment. We preferred systematic reviews (Cochrane and non-
Cochrane) as first choices. Randomized clinical trials (RCTs)
were considered the gold standard. Other types of studies
were only used if clinical questions could be better answered
with non-randomized studies. We tried to select articles and
studies of good methodological quality and to provide a crit-
ical appraisal of those of lower levels of quality.

We graded evidence in few cases because we didn’t want
to provide guidelines or recommendations. When we used a
grading system we followed the European Federation of
Neurological Societies (EFNS) grading system (European
Journal of Neurology 2004; 11: 577–81).

The selection of chapter titles and topics was done in col-
laboration with the editors and the authors of each chapter.
We tried to identify important and common clinical condi-
tions seen in neurological wards and outpatient clinics.

Each chapter starts with a brief definition of the clinical
condition/s, together with its/their incidence and natural his-
tory. A clear formulation of a real-world scenario or question

x
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Preface xi

usually follows. The questions are structured using the stan-
dard three elements of patient, intervention, and outcome.
The section covering critical review of the evidence for each
question is mostly devoted to the presentation of the findings.
The results are as quantitative as possible. Quantifying the
expected benefit/harm for any intervention, rather than com-
ing up with a single yes-or-no answer provides useful elem-
ents for deciding whether the expected benefit outweighs the
potential harm. It also gives insight into the probability for a
patient to gain or lose if treated with the intervention. Tables
summarizing the quantitative, and, when this was not possible,
the qualitative, results are included in each chapter. For each
comparison, the tables list the number of patients, the risk 
in the control group, the relative risk (RR), and the absolute
risk reduction (ARR). The weighted mean difference (WMD) is
used for continuous outcome variables. A qualitative descrip-
tion of the results is provided when quantitative data are not
available from the primary studies. Some chapters include the
implications that the findings could have on clinical practice
and on organization of health care, as well as an insight into
the questions that have no answers and for which further evi-
dence is required for better informed decisions.

Within this general framework among chapters, differences
remain due to an intrinsic non-homogeneity of the primary
reference studies, and also to the different cultural back-
grounds of the internationally represented authors. This could
be a limitation of the volume, or indeed a strength, making it
more lively and nearer to real clinical needs. We hope that
with future updating, which will of course be necessary (most
of our references do not supersede 2006), we will be able to
improve the format and the homogeneity of the chapters.

Finally, a few people deserve special acknowledgement for
their contribution to this book. Debbie Jordan was responsible
for all communications. She served as a valuable liaison
between the publisher, editors and authors. Rodrigo Salinas
contributed to the initial concept, helping to outline the chap-
ter titles and topics. Mary Banks at Blackwell Publishing pro-
vided capable and consistent support throughout the project.
I would like to express my sincere appreciation for this work.

Livia Candelise

9780727918116_3_posttoc.qxd  2/9/07  7:35 PM  Page xi



This page intentionally left blank 



PART 1

Introduction

9780727918116_4_001.qxd  2/7/07  2:43 PM  Page 1



This page intentionally left blank 



Terms of reference

Reflections and elaborations about how evidence-based med-
icine (EBM) has been, and will increasingly be, able to influ-
ence clinical practice and the teaching of medicine abound,
and it is very hard to try to say something original that is not
already available [1]. This book, as Livia Candelise states in
her introduction, is an attempt to summarize and compile
examples of the contributions that a systematic approach to
the search, identification and critical appraisal of scientific
information can bring as an added value to the appropriate
care of a patient with neurological problems/diseases. It is,
therefore, very likely that this book will be read and used
mostly by clinicians that – with different level of appreciation
of the EBM approach – will seek information useful for their
daily practice. The benefits, however, of putting together an
account of what we know and do not know about the best
ways to diagnose and treat neurological diseases are that one
can see how far we are from being able to properly address
patients problems and, more importantly, whether the ways
in which the many uncertainties that still surround the care
of patients with neurological disorders are being addressed
in a proper way.

In short, the purposes of this chapter are:
(a) To revisit what EBM is and is not in the light of the
strong positive, as well as negative, feelings that its appear-
ance has brought about.
(b) To discuss the fact that the term ‘evidence’ itself is not so
simple as it is sometimes portrayed, and try to see the extent
to which this is at the heart of the controversial feelings about
EBM.
(c) To summarize what the steps recommended by an ‘EBM
approach’ are and exemplify the different ways in which
users can take advantage of it.
In the concluding part of this chapter an attempt to reflect of
who are the ‘enemies’ of EBM and how EBM itself has
raised our awareness of the challenges that are ahead of us

in terms of clinical practice, clinical research and health care
policies will be attempted.

The EBM movement has provoked strong restatements
from within the clinical world about the essence of the
patient–clinician relationship and the balance between sci-
entific approach and personal experience.

Some commentators saw the movement partly as an
attempt by clinicians to keep control of decision making in
the face of governments set on increasing intervention in
the previously relative autonomous professions. Health pol-
icies worldwide, however, reveal the growth of mechanisms
aimed at establishing parameters for acceptable clinical prac-
tice and a range of apparatus for monitoring and enforcing
these parameters. On another track, some critics have ques-
tioned the movement’s sometimes exclusive focus on one
particular research design (i.e. the randomized controlled
trial, RCT) as unnecessarily narrow and reinforcing the cul-
tural and political values of particular research groups. Also
embedded in this phenomenon is a staging of the confronta-
tion between science and progress on one hand and myth and
reaction on the other.

Whether the current debate addresses the real issues or is
rather confounded by extraneous factors is the main ‘file
rouge’ that the reader will recognize within this chapter. Our
personal conviction is that in the current debate there is a
mixture of epistemological confusion about the proper def-
inition of ‘proof’ and ‘evidence’, resistances to cultural and
professional changes from within the medical profession,
misplaced criticisms from EBM scepticists and, to some extent,
over-enthusiasm and reductionism from those that fail to
recognize EBM’s practical and methodological limitations.

What is EBM and what it is not?

The term EBM, as we use it nowadays, was introduced in
1992 by the same group of people that, years before, started

CHAPTER 1

Evidence-based medicine: its
contributions in the way we search,
appraise and apply scientific
information to patient care
Alessandro Liberati, Lorenzo P. Moja, Ivan Moschetti

1

3
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the discipline called ‘Clinical Epidemiology’ (CE) [2]. CE
stemmed essentially from the idea of adapting and expanding
epidemiological methods to medical and health care decision
making; CE was in fact defined as ‘the discipline dealing with
the study of the occurrence of medical decisions in relation
to its determinants’ [3].

CE has been very successful in illustrating new ways of
teaching medicine and training health professionals and pos-
itioned itself around the notion of ‘critical appraisal skills’ as
yet another essential ability that – in addition to the inter-
personal, diagnostic and prognostic ones – a good doctor
should master. An important CE’s by-product was the docu-
mentation that much of the available evidence on diagnosis,
prognosis and treatment of diseases was of poor methodo-
logical quality and quite often of dubious transferability to
everyday clinical practice.

This led to a strong call for improving the scientific basis of
clinical practice that was seen as too often dominated by
practices of unproven effectiveness. This was the background
for the 1992 Journal of American Medical Association (JAMA)
article that first used the term ‘Evidence-Based Medicine’ [2].

In essence, proponents of EBM said that ‘all medical actions
of diagnosis, prognosis and therapy should rely on solid
quantitative evidence based on the best of clinical epidemi-
ological research’. Also they stated that ‘we should be cautious
about actions that are only based on experience or extrapo-
lation from basic science’. Indeed this is not a new concept
as recent research into the history of medicine has docu-
mented [4]. Vandenbroucke recently discussed the well-
rooted historical precedents for the CE and EBM movements
in the history of methodological research in medicine quoting,
among others, Alexandre Louis who led in 1830 in France
an initiative called ‘Medicine d’Observation’ [4]. Finding,
not surprisingly, strong resistance from his fellows’ environ-
ment, Louis stated that ‘physicians should not rely on specu-
lation and theory about causes of disease, nor on single
experiences, but they should make large series of observa-
tions and derive numerical summaries from which real truth
about the actual treatment of patients will emerge’.

Parallels and differences between now and then are worth
noting here. In the early 1800s proponents of ‘Medicine
d’Observation’ were reacting against a kind of medicine that
derived its theories from many things that we would con-
sider ‘nonsense’ by today scientific standards. Today EBM
acts in the context of a very different environment where
modern medical basic science has a solid experimental back-
ground. We now know that ‘Medicine d’Observation’
shortly after its appearance failed. A strong reaction from
the medical profession together with the absence of context-
ual conditions account for this unfavourable outcome. Will
EBM experience a different outcome as it leaves in a more
scientifically oriented medical world? In many ways a simi-
larly strong negative reaction has emerged today against
EBM. No doubts that one of the reasons of such a negative

reaction against EBM has been the fact that it was labelled as
a ‘shift in medical paradigm’ [2,4]. Such a definition would
imply that EBM means scientific medicine and that all medi-
cine practised before it was unscientific. This is not only sim-
plistic but, to any closer scrutiny, profoundly wrong. The
difference between the pre- and post-EBM era is not that
before it people did not use the evidence. Rather, the real
failure was the lack of a framework and set of rules to use the
evidence in a systematic and explicit fashion.

Seen in this way the current fight around EBM and its
nature could be advanced by moving the discussion from
principles into a more pragmatic perspective where the atten-
tion is centred on a ‘better use of evidence in medicine’. This
would have the distinct advantage of indicating that it is the
way and the rules according to which we use and interpret
evidence that needs to be changed.

In contrast with the traditional wisdom of clinical practice,
stressing the need for a ‘better use of evidence in medicine’
would indicate that that intuition and unsystematic clinical
experience as well as pathophysiological rationale are insuf-
ficient ground for clinical decision making. On the contrary,
modern practice of medicine finds its way on formal rules
aimed at interpreting the results of clinical research effect-
ively; these rules must complement medical training and
common sense of clinicians whose uncontrolled dominance
is no longer ethically and scientifically acceptable.

Struggling for a better use of evidence in medicine has
also other important advantages. It challenges the paternal-
istic and authoritarian nature of much medical practice and
helps understanding that – even when based on scientific
methods – there is a selective and structural imbalance in
the nature of the evidence that is available. This is skewed
and biased towards therapeutic versus preventative inter-
ventions and towards simple pharmacological versus complex
behavioural/social care. Acquiring critical appraisal skills –
one of the most important tenets of the EBM movement – 
is the necessary (though not sufficient) best immunization
against ignoring that there is a structural imbalance in the
research agenda. An imbalance that should be overcome in
order to make fully available the sort of evidence that is
needed to provide effective and comprehensive health care
to all patients [5].

The many faces of evidence (proof,
causality and uncertainty) and their
implications for clinical decision

Having set this background it should be clear that some
definition of ‘proof’ is also needed to distinguish between
scientific medicine and charlatanism. Pathophysiology – that
is the reference to a mechanism to support the introduction
of a new drug – is a criterion that has failed several times in
the past: for example, the widespread practice of phlebotomy
in 18th century medicine had some ‘pathophysiological’

4 Part 1: Introduction
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basis, but no effectiveness at all. To define what we accept 
as a proof is clearly a problem of transparency of medical
practice.

Our thesis is that, unfortunately, the ‘evidence/lack of evi-
dence balance’ is not a black/white one for several reasons:
(a) For many clinical practices, even if we have well-
conducted RCTs, all we can achieve is a ‘weight-of-evidence’
overall evaluation, because we face conflicting results from
RCTs.
(b) In other instances RCTs are not available simply because
they have not been conducted, and we only have access to
observational investigations.
(c) The quality of the RCT is poor, so that a meta-analysis is
not easily interpretable.
(d) RCT cannot be easily conducted for practical or ethical
reasons.
Of course, we also have clear instances in which systematic
reviews and meta-analyses contribute in an unequivocal
way to the adoption or banning of a treatment.

In addition, we need to integrate the scientific evidence
with the patient’s preferences, with economic constraints,
with the health care organization, with ethical obligations …
This kind of integration is the object of clinical guidelines, 
in which ideally evidence is a necessary but insufficient
component.

The model we can use comes from a different field, causal-
ity, and has been suggested by the philosopher John Mackie.
Mackie claims that causality cannot be reduced to single
necessary and sufficient causes, but rather should be described
in terms of elements that he calls INUS (Insufficient Non-
redundant component of an Unnecessary Sufficient complex).
In his example, why did the house burn? The causal complex
is formed by the association of fire in the fireplace, a strong
wind, a defect in the alarm system and the fact that the house
is wooden. If we analyse each component, none of them is a
single sufficient cause, but only their conjunction gives origin
to an overall sufficient complex. However, the complex is
not necessary, because the house could burn in many different
ways (e.g. because I put it deliberately on fire). According to
Mackie, although none of the elements are sufficient, at least
one is necessary (non-redundant), that is in its absence the
complex would be ineffective (in the example: eliminating
the fire in the fireplace would make the whole complex inef-
fective). Let us try to apply this same reasoning to medical
decision. The physician has to integrate several elements into
a decisional complex. Consider, for example, the prescription
of interferon in patients with a diagnosis of relapsing–remitting
multiple sclerosis (MS). According to the systematic review
in the Cochrane Library, there are only seven trials including
approximately 1200 patients with reliable information only
on short-term follow-up (i.e. up to 2 years; example in the
Appendix). The evidence overall suggests some advantage
associated with interferon but results are hampered by the high
proportion of drop-outs and the type of outcome measures

chosen. Should the neurologist decide to prescribe interferon?
Instead of being an exception, the example is the rule. In
other words, we often face ‘grey’ areas and the practicing
neurologist might decide that, based on the Cochrane Review,
the weight of evidence is quite strong or can reason exactly
in the opposite way considering the relatively short follow-
up, the questionable methodological quality of the studies
and the important side effects. In other words, the weight of
the empirical evidence can determine the ultimate thera-
peutic choice depending on the array of factors that, in the face
of the same empirical evidence, a practitioner will consider.

Having said that it is important to perceive correctly one
important feature of Mackie’s definition of INUS, that is that
at least one component is necessary (non-redundant). This
component is evidence and without evidence there will
never be good and justifiable clinical decision.

If we accept that evidence is a necessary component, still
how to weigh the evidence depends on the definition of
effectiveness one adopts. Effectiveness, like disease, is a ‘fuzzy’
concept. Concepts are almost never sharp, that is defined on
the basis of a single property, but they tend to be fuzzy. In
particular, the concept of effectiveness cannot be defined on
the basis of a singular property (reducing mortality, disability,
etc.), but of several properties that are partially overlapping
in the actual instances: for some people effectiveness is mainly
subjective, for others it is mainly objective, and no single
definition is the right one. In summary, we have to face that
effectiveness is a ‘fuzzy’ concept. This means that we cannot
use the results of clinical trials (or of their synthesis in the
form of systematic reviews or meta-analyses) as the only
source of information and decisions about care: the work of
the physician consists just in integrating different kinds of
knowledge, although evidence is a necessary component.

Different modes of developing and using
EBM skills and their ability to bring 
about evidence-based practice

The rapid spread of EBM has arisen from two main 
awareness:
1 The need for valid information about diagnosis, prognosis,
therapy and prevention.
2 The inadequacy of traditional sources for this information
because they are out of date (textbooks), frequently wrong
(experts), ineffective (didactic continuing medical education),
or too overwhelming in their volume and too variable in their
validity for practical clinical use (medical journals).
Until recently, coping with these problems was impossible
for full-time clinicians. However, developments in the ‘tech-
nology of EBM’ have permitted a change in this situation:
• The development of strategies for efficiently tracking down
and appraising evidence (for its validity and relevance).
• The creation of systematic reviews of the effects of health
care (see the Cochrane Collaboration).
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• The creation of evidence-based journals of secondary
publication and of evidence-based summary services such as
clinical evidence.
• The creation of information systems for bringing the fore-
going to us in a timely fashion.
The essence of the EBM approach to patients care comprises
four steps [6]:
• Step 1: Transforming the need for information (about pre-
vention, diagnosis, prognosis, therapy, causation, etc.) into
an answerable question.
• Step 2: Locating the best evidence with which to answer
that question.
• Step 3: Critically appraising the evidence for its validity
(closeness to the truth), impact (size of the effect) and applic-
ability (usefulness in our clinical practice).
• Step 4: Integrating the critical appraisal with our clinical
expertise and with the patients characteristics, values and
circumstances.
Depending on her/his different needs each health profes-
sional will use all or part of the above steps in different modes.

First is the ‘doer’ mode, in which all the four steps above
are carried out.

Second is the ‘user’ mode, where searches are restricted to
evidence resources that have already undergone critical
appraisal by others such as evidence summaries.

Third is the ‘replicator’ mode, where the decisions of
respected opinion leaders are followed.

All three of these modes involve the integration of evidence
(from whatever source) with patient’s unique characteristics,
values and circumstances, but they vary in the execution of
the other steps.

An intuitively appealing way to achieve such evidence-
based practice is to generalize EBM teaching and training so
that all clinicians become able to independently find, appraise
and apply the best evidence. This strategy, however, has lim-
itations as attaining all the necessary skills requires favourable
personal attitude(s) and predisposition(s), intensive study
and frequent, time-consuming, application. It is neither real-
istic nor feasible to expect and pretend that all practitioners
will get to this advanced level of EBM skills. It has been
repeatedly shown that practitioners welcome the availability
of evidence-based summaries generated by others and evi-
dence-based practice guidelines or protocols as long as they
see them as helping tools and not compulsory obligations for
their practice [6].

Thus, producing more comprehensive and more easily
accessible pre-appraised resources is a second strategy for
ensuring evidence-based care. The availability of evidence-
based resources and recommendations will, however, still be
insufficient to produce consistent evidence-based care. Habit,
local practice patterns and product marketing may often be
stronger determinants of practice. Studies have shown that
traditional continuing education has little effect on combat-
ing these forces and shaping doctors’ behaviour [7]. On the

other hand, approaches that do change targeted clinical
behaviours include one-to-one conversations with an expert,
computerized alerts and reminders, preceptorships, advice
from opinion leaders, and targeted audit and feedback. Other
effective strategies include restricted drug formularies, finan-
cial incentives and institutional guidelines. Application of these
strategies, which do not demand even a rudimentary ability
to use the original medical literature and instead focus on
behaviour change, thus constitute the pivotal strategy for
achieving evidence-based care [7]. Therefore, educators, man-
agers and policy makers should be aware that the widespread
availability of comprehensive pre-appraised evidence-based
summaries and the implementation of strategies known to
change clinicians’ behaviour will both be necessary to ensure
high levels of evidence-based health care.

Internal and external enemies of EBM

But the difficulties that hamper a prudent and systematic
use of evidence come not only from its imperfect and limited
nature and from the medical establishment’s resistance to
change. There are also ‘internal enemies’ (which we will call
the ‘enthusiasts’ here) who seem to have limited understand-
ing of EBM’s structural limitations and are dominated by
unduly (optimistic) expectations of its sufficiency to guide
medical practice. We mention below some of the relevant
problems that should be kept in mind before blaming EBM
as the sole culprit of its limitations.

First is the bias in the research agenda and the lack of
mechanisms to prioritize it with respect to health needs. The
increasing commercial influences in health care have pro-
duced a structural distortion in the setting of the research
agenda and we see today a systematic bias in research prior-
ities with a lot of (often redundant) data on pharmacological
treatments and a dearth of information on potentially very
relevant non-pharmacological interventions. Only recently
this is starting to attract attention but this is still far from
what would be needed to bring about the necessary changes
[8]. Health services, on the other hand, have not tradition-
ally been interested in investing in research and with some
noticeable recent exceptions (see the UK R&D programme
as well as part of the NIH research programme in the US) this
is still the case. Consumers’ input into research agenda is far
from systematic and often the role of patients’ charities ends
up with lobbying for a particular disease or health problem
rather than for the advocacy of an open and transparent
prioritization [5].

The lack of independence of medical information and the
‘pollution’ caused by the commercial interference in it is
another key factor. The imbalance between commercial and
independent information is so striking that it may be naive
to imagine that EBM alone can maintain its credibility with-
out structural and cultural investments. When relevant infor-
mation is not properly disseminated and implemented it is
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as if it would not exist. The recent example of the pharmaco-
logical treatment of hypertension is a case in point here: very
expensive drugs have been for many years marketed with-
out good evidence of their superiority to the equally effective
and much less expensive old diuretics and only thanks to a
publicly funded large scale trial [9] we now know that mil-
lions of dollars have been probably wasted without substan-
tial benefits for patients. But lack of independence and
monopoly of scientific information manifests itself also in
the increasing medicalization of common problems and in
the making of ‘new diseases’ as a way to make the health
care market bigger and more profitable [10]. In this scenario
as far as people identify as ‘evidence-based’ procedures and
interventions for which studies exist and as ‘non-evidence-
based’ areas where studies could exists but have not been
carried out because there is no commercial interest in run-
ning them, EBM is at high risk of being used a fashionable
yet misleading key word [11].

The ‘paternalism’ inherent in the idea that experts ‘know
it better’ and that they are thus entitled to make decisions
on behalf of their patients is a third important enemy.
Paternalism has many components all of which are danger-
ous and should be recognized. One component comes from
the idea that the increasing complexity of modern medicine
requires increasing specialization. More and more medicine
is fragmented into sub-specialities where people have a very
deep knowledge into an increasingly narrow spectrum of
problems. This technical knowledge leads to an overempha-
sis of the yield of a particular intervention where benefits
are much too overrated with respect to risks [12]. Linked to
this is the inherent conflict of interest that unavoidably links
the social and professional prestige of those that are experts
in a given field to the success of the intervention/technology
of which they are champions. Like for the bias of the
research agenda there are signs of increasing awareness that
conflicts of interest are a threat to an equitable and effective
practice of medicine but still much less than it should be
[13]. And, again, a narrow technical view of EBM could be
insufficient and perhaps even misleading in this respect.

Lack of awareness of the above-mentioned problems is –
we believe – a great danger to EBM. Assuming that all rele-
vant ‘information needs’ can be derived from published stud-
ies, that all practice skills can be derived from being updated
with the medical literature, that methodological rigor is the
only dimension that matters – even divorced from clinical
and epidemiological relevance – and that health policies
should be dictated (rather than more humbly ‘informed’) by
evidence of effectiveness alone, are all internal threats that
should be seriously considered and challenged.

What have we learned from EBM?

Having discussed EBM’s epistemological, structural and
practical limitations it is also fair to reflect on what it has

helped us to understand as of the major problems and limi-
tations of today’s clinical practice and health policies. Given
the space constraints of this chapter we will summarize in
short statements what we believe are issues that should inform
an health care policy agenda that takes seriously some of the
challenges that are ahead of us, if we care for effective and
equitable systems of delivering health care. The list is tenta-
tive and incomplete and would hopefully be instrumental 
to stimulate a discussion on EBM’s benefit/harm balance
thus far.

Clinical practice
• There are not organized mechanisms and efforts to transfer
and disseminate information on interventions that work from
research to clinical practice; these efforts should become an
integral part of the functioning of a good health care system.
• Medical practice is fraught with ineffective interventions
and long delays before effective care enters clinical practice.
Special attention should be given to in continuing medical
education activities.
• Doctors and health professionals are not, by themselves
alone, able to critically appraise the results of clinical research;
consequently they can be (easily) misguided by unintention-
ally or intentionally wrong messages. Teaching critical appraisal
skills should be an essential part of medical education.
• Clinical practice should (and can) be informed by results of
systematic reviews of the best available information; know-
ledge of a given field based on just the few better known stud-
ies is dangerous because it ignores ‘publication bias’ and false
negative results, etc. Medical education should stress the idea
that knowledge is a ‘cumulative’ rather then a ‘discrete’
process and appropriate information tools should be made
available to all health professionals [14].

Clinical research
• The quality of medical research is often poor and urgent
improvements are needed. Poor quality has to do both with
failure to apply appropriate designs and methodologies as well
as paying attention to the search for relevant outcomes and
for interventions that are generalizable outside the research
settings.
• There are not explicit and transparent mechanisms for pri-
oritizing research. Health care systems have almost exclu-
sively delegated the responsibility to pharmaceutical companies
and the commercial sector in general. Public and independent
support to research is an urgent need [5].
• Conflicts of interest and lack of independence of investi-
gators represent an increasing threat to the credibility of
research [15,16].
• Patients’ participation can be instrumental both in improv-
ing relevance and applicability of clinical research and in
facilitating shared decision making. There is some evidence
that, if properly involved, at the level of planning and identify-
ing priorities, patients and consumers can provide valuable
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inputs for research [17]. However, this is a process that
requires a governance effort in order to avoid that increasing
fragmentation is included in the prioritization process [18].

Health care policies
• Evidence should ‘inform’ but may be often inadequate to
‘guide’ decision making at the policy level. The sort of evi-
dence that is usually produced by traditional clinical research
is too narrow and lacks important elements that are otherwise
crucial in policy making [19].
• Resources are often wasted by not acting against the use of
ineffective interventions or by implementing effective inter-
ventions with ineffective strategies. A better link between
efforts to improve quality at the micro level is needed.
• Health care system should assume more responsibility 
in knowledge production and should themselves promote
research into areas that are likely not to attract resources due
to limited commercial return [5].

Conclusions

There is no doubt that EBM does not, and cannot, answer all
the epistemological and practical questions surrounding the
practice of medicine. On the contrary, it is important that
expectations from EBM are appropriate in order to prevent
conceptual and practical mistakes. EBM provides methodo-
logical tools and a cultural framework. Methodologically it is
useful to understand how we can produce valid and relevant
information about the effectiveness of medical care. Culturally,
its anti-authoritarian spirit is important to increase the partici-
pation of different stakeholders and to increase the opportun-
ity for a multidisciplinary approach to health care problems.

It is clear that, thus far, the potential of EBM has not been
fully exploited and that too narrow views of it have created
avoidable confrontations with those that may be concerned
that an ‘EBM-dominated view’ can do more harm than good.
As efforts by methodologists have chiefly focused on how to
design, conduct and interpret studies aimed at assessing effi-
cacy/effectiveness of drugs, EBM is today mostly ‘evidence-
based therapy’ with robust tools (i.e. RCTs) especially for
assessing the worth of relatively simple interventions. The fact
that we currently have limited ability to reliably assess com-
plex interventions, preventative care in general as well as diag-
nosis or prognosis, should be seen not only as the results of the
greater intrinsic complexity of these areas, but also as the con-
sequence of the lower intellectual investments. A reflection, in
turn, of the more limited commercial interests is at stake here.

It is our view that – despite the many limitations we have
highlighted in this chapter – EBM has, at least in some areas
of medicine, resulted in better clinical research and greater
awareness of health professionals, health administrators and
policy makers. A lot remains to be done in order to create a
better understanding of the nature of proof, evidence and
uncertainty; a more balanced research agenda; more coherent

mechanisms to improve quality of care; more substantial
cultural efforts to empower patients and consumers. But we
should be ready to recognize that most of this goes beyond
what EBM can do alone and depends, more broadly, on
health policy and politics with capital ‘P’.
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Appendix

The Appendix shows summaries from the Cochrane Library
[14]. We have chosen four examples that can be considered
typical of a few categories that have been mentioned above.
In the first example, the evidence is rather sparse (only 453
patients) and results are conflicting, with a non-statistically
significant trial showing protection and one significant trial
showing an excess of deaths in the corticosteroid arm. The
second example is more complex, since the information avail-
able was not enough to evaluate the efficacy of treatment. If
all missing data (drop-outs) are attributed to disease progres-
sion (worst-case scenario) then treatment is associated with a
slight adverse effect. Lack of data of good quality is the main
problem in this example.

The third example shows how useful a systematic review
and meta-analysis can be. Individual trials were equivocal,
but the overall consideration of their results showed and that
anticoagulants do more harm than benefit in acute ischaemic
stroke. On the opposite, the fourth example (Warfarin in
atrial fibrillation, AF) is paradigmatic of a situation in which a
systematic review and meta-analysis clearly reveals – more
than single trials – that the benefits are considerable and the
treatment should be transferred into practice.
1 Corticosteroids in ischaemic stroke: Seven trials involving 453
people were included. Details of trial quality that may relate
to bias were not available from most trials. No difference was
shown in the odds of death within 1 year (odds ratio (OR)
1.08, 95% confidence interval (CI) 0.68–1.72). Treatment did
not appear to improve functional outcome in survivors. Six
trials reported neurological impairment but pooling the data
was impossible because no common scale or time interval
was used. The results were inconsistent among individual
trials. The only adverse effects reported were small numbers
of gastrointestinal bleeds, infections and deterioration of
hyperglycaemia across both groups.
2 Interferon and MS: Although 1215 patients from seven trials
were included in this review, only 919 (76%) contributed to
the results concerning exacerbations and progression of the
disease at 2 years. Specifically, interferon significantly reduced
the occurrence of exacerbations (relative risk (RR) � 0.80,
95% CI 0.73, 0.88, P � 0.001) and progression of the dis-
ease (RR � 0.69, 95% CI 0.55, 0.87, P � 0.002) 2 years after
randomization. However, the correct assignment of drop-
outs was essential to the demonstration of efficacy, most
conspicuously concerning the effect of the drug on disease
progression. If interferon-treated patients who dropped out
were deemed to have progressed (worst-case scenario) the
significance of these effects was lost (RR � 1.31, CI 0.60,
2.89, P � 0.5). The evolution in magnetic resonance imaging
(MRI) technology in the decade in which these trials were
performed and different reporting of data among trials made
it impossible to perform a quantitative analysis of the MRI
results. Both clinical and laboratory side effects reported in

the trials were more frequent in treated patients than in
controls. No information was available regarding side effects
and adverse events after 2 years of follow-up. The impact of
interferon treatment (and its side effects) on the quality of
life of patients was not reported in any trial included in 
this review. Reviewers’ conclusions: The efficacy of interferon
on exacerbations and disease progression in patients with
relapsing–remitting MS was modest after 1 and 2 years of
treatment. It was not possible to conduct a quantitative analy-
sis beyond 2 years. Longer follow-up and more uniform
reporting of clinical and MRI outcomes among these trials
might have allowed for a more convincing conclusion.
3 Anticoagulants in ischaemic stroke: Twenty-one trials involving
23,427 patients were included. The quality of the trials varied
considerably. The anticoagulants tested were standard unfrac-
tionated heparin, low-molecular-weight heparins, hepari-
noids, oral anticoagulants and thrombin inhibitors. Based on
eight trials (22,450 patients) there was no evidence that anti-
coagulant therapy reduced the odds of death from all causes
(OR 1.05, 95% CI 0.98–1.12). Similarly, based on five trials
(21,846 patients), there was no evidence that anticoagulants
reduced the odds of being dead or dependent at the end of 
follow-up (OR 0.99, 95% CI 0.94–1.05). Although anticoagu-
lant therapy was associated with about 9 fewer recurrent
ischaemic strokes per 1000 patients treated, it was also asso-
ciated with a similar sized 9 per 1000 increase in symptom-
atic intracranial haemorrhages. Similarly, anticoagulants
avoided about 4 pulmonary emboli per 1000, but this bene-
fit was offset by an extra 9 major extracranial haemorrhages
per 1000.
Sensitivity analyses did not identify a particular type of

anticoagulant regimen or patient characteristic associated
with net benefit.
4 Warfarin in patients with AF: Fourteen articles were included
in this review. Warfarin was more efficacious than placebo
for primary stroke prevention (aggregate OR of stroke � 0.30
(95% CI 0.19, 0.48)), with moderate evidence of more
major bleeding (OR � 1.90 (95% CI 0.89, 4.04)). Aspirin
was inconclusively more efficacious than placebo for stroke
prevention (OR � 0.68 (95% CI 0.29, 1.57)), with inconclu-
sive evidence regarding more major bleeds (OR � 0.81
(95% CI 0.37, 1.78)). For primary prevention, assuming a
baseline risk of 45 strokes per 1000 patient-years, warfarin
could prevent 30 strokes at the expense of only six additional
major bleeds. Aspirin could prevent 17 strokes, without
increasing major haemorrhage. In direct comparison, there
was moderate evidence for fewer strokes among patients on
warfarin than on aspirin (aggregate OR � 0.64 (95% CI
0.43, 0.96)), with only suggestive evidence for more major
haemorrhage (OR � 1.58 (95% CI 0.76, 3.27)). However, in
younger patients, with a mean age of 65 years, the absolute
reduction in stroke rate with warfarin compared to aspirin
was low (5.5 per 1000 person-years) compared to an older
group (15 per 1000 person-years). Low-dose warfarin or
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low-dose warfarin with aspirin was less efficacious for stroke
prevention than adjusted-dose warfarin. Reviewers’ conclu-
sions: The evidence strongly supports warfarin in AF for
patients at average or greater risk of stroke, although clearly
there is a risk of haemorrhage. Although not definitively

supported by the evidence, aspirin may prove to be useful for
stroke prevention in subgroups with a low risk of stroke, with
less risk of haemorrhage than with warfarin. Further studies
are needed of low-molecular-weight heparin and aspirin in
lower-risk patients.

9780727918116_4_001.qxd  2/7/07  2:43 PM  Page 10



In every day practice busy neurologists have to make decisions
about therapeutic interventions which are not supported by
randomized controlled trials (RCTs) or meta-analyses of RCTs.
Either no RCTs have been done at all, or those that have been
done are unconvincing – even when put together in a meta-
analysis; perhaps the sample size was too small for reasonable
precision, or there was some problem with bias. Under these
all too familiar circumstances one cannot decide what to do 
for the best on the basis of what has come to be known as 
‘evidence-based medicine’ (EBM). And yet there is no avoid-
ing the fact that decisions have to be made when managing
individual patients, there always are options, even if one option
is to do nothing. For example, wait and see versus spinal cord
decompression for cervical spondylotic myelopathy, thymec-
tomy or not for myasthenia gravis, sodium valproate or car-
bamezipine for partial epilepsy in an elderly patient, levodopa
or a dopaminergic agonist in early Parkinson’s disease, admit a
subarachnoid haemorrhage patient to a neurology rather than
to a neurosurgery ward, and so on. While many would argue
that RCTs are not the only source of evidence in making ther-
apeutic intervention decisions, most agree that RCTs generally
provide the best evidence – if they are available and properly
carried out. So what should we do when there is no adequate
evidence, at least from RCTs?

Do not succumb to EBMitis

There has never been an RCT to support the use of parachutes
to prevent death after jumping out of aeroplanes – and I am
sure there never will be. The only entry in the Cochrane
Library on ‘parachute’ is in a review on the treatment of
sprained ankles, a well-known complication of parachute
jumping but hardly serious enough to withdraw parachutes
from general use [1]. Like parachutes, some interventions are
so obviously useful on the basis of pathophysiology, experience,
common sense, and wisdom that RCTs really are unnecessary;
penicillin for meningococcal meningitis and evacuation of
extradural haematoma spring to mind. These treatments may
not be ‘evidence-based’ in the sense of having adequate sup-
port from RCTs (there are none) but they work, they are widely

used and everyone is comfortable with them. But naturally
even these interventions could be improved on and so maybe
an RCT would be necessary to compare a new with the cur-
rent intervention (an improved type of parachute versus the
standard parachute, a likely better antibiotic versus penicillin).
Of course one does have to guard against extremes of thera-
peutic optimism that lead to the epidemic of tonsillectomies in
the first half of the 20th century [2] and the zeal bordering on
madness that drove Aloysius Cotton to remove one or more
potentially infected organs as a treatment for insanity [3].
Interventions such as penicillin for meningococcal meningitis
would be included in a book on treatment of neurological
disorders by a wise clinician, but not in a hard-core book 
on evidence-based neurology where authors would have
succumbed to EBMitis, the disease which afflicts clinicians,
authors, managers, and policy makers which makes them
refuse to accept, support, use or fund any therapeutic inter-
vention without RCT-based support – a very dangerous disease
indeed (particularly for pilots who have their parachutes with-
drawn for lack of RCTs of efficacy, notwithstanding the avail-
ability of other forms of evidence that parachutes work, and for
patients with an extradural haematoma denied neurosurgical
intervention). EBMitis may not matter when considering the
myriad of what sometimes appear to be rather trivial thera-
peutic interventions which do not have any RCT support and
yet are widely accepted and used – some may work, others may
not. But this is probably of no great concern unless there is a
significant opportunity cost in carrying on with them in which
case RCTs would have to be done to prevent non-evidence-
based treatments which do actually work from being with-
drawn. Possible examples include turning unconscious patients
every 4 h to prevent pressure areas, pain relief with non-
steroidal anti-inflammatory drugs for polymyositis, resting for
a few weeks after subarachnoid haemorrhage, and setting up
a support group for patients with the Guillain–Barre syndrome.
In the middle ground are interventions with very clear adverse
effects which nonetheless seem to be effective and which are
used by many people despite the lack of good RCT evidence:
for example pyridostigmine for myasthenia gravis, amanta-
dine for fatigue in multiple sclerosis, a check angiogram a
few months after coiling an intracranial aneurysm.

CHAPTER 2

What to do when there is no evidence
Charles Warlow
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Are you absolutely sure there is no
evidence?

Having avoided the temptation to do absolutely nothing unless
there is a formal RCT showing that any benefit outweighs the
risks (in other words EBMitis), it is important to make sure
there really is no evidence to support or refute a particular
course of action. There have been some remarkable examples
of treatments still being tested long after it was obvious they
worked, either because the trialists were unaware of previous
evidence or just ignored it; for example the use of aprotinin to
reduce blood loss during cardiac surgery [4].

The obvious place to look for evidence is in the Cochrane
Library (http://www.nelh.nhs.uk/cochrane.asp), both for
reviews and – if necessary – for individual RCTs. Indeed, the
Cochrane Library is now so comprehensive that it is prob-
ably not worth looking much further, although a quick
PubMed or Medline search would be wise, and also asking an
expert in the condition if one is easily available. Of course there
are excellent non-Cochrane Systematic Reviews but these are
still likely to be referenced in the Cochrane Library, or in the
reference list of a relevant review or RCT in the library.

Can you generalize from what evidence
there is?

Very often there is formal evidence but not quite in the rele-
vant area for an individual patient. For example, although it
is clear from the Antithrombotic Trialists’ Collaboration (ATT)
that long term aspirin reduces the risk of major vascular events
in those at high risk, there were very few patients over the
age of 90 in the trials [5]. It is conceivable that for them the
harms might outweigh the benefits. So what to do in this
group? Clearly one has to use judgement with an individual
patient about whether to generalize the overall result of the
ATT and give aspirin, or not (or if there is an ongoing RCT
going in this older group of patients randomization would
be an alternative – see below). So, in a very spry 95-year old
with a mild ischaemic stroke, aspirin might well be sensible,
while in a not so spry patient with a history of duodenal
ulceration and a tendency to fall and bang their head, aspirin
would not be such a good idea. But can one generalize even
further and support the widespread use of aspirin to prevent
clot formation and embolism from coils which have just been
inserted into ruptured intracranial aneurysms? Here one
would be relying much more on pathophysiology (see below)
because there really are no relevant RCTs to help make the
decision; although aspirin might prevent platelets adhering
to the naked coils, it may also interfere with endothelializa-
tion of the coil surface adjacent to the flowing blood. It is dif-
ficult to know what best to do under the circumstances.

Of course those with severe EBMitis, who only see the
world in black and white and insist that all decisions have to
follow strict guidelines based on RCTs, would have great

trouble generalizing from one sort of patient in an RCT to a
slightly different sort in real life. Clinical judgement would
not be high on their list of desirable attributes (many with
EBMitis are not clinically qualified anyway).

Can you use non-randomized evidence
from good observational studies?

Yes, but with great care, and generally as a second best to a
good RCT if one is possible (which it may not be). Even the best
observational studies comparing groups of patients treated
one way versus another during the same time period but
not in the context of a formal RCT, using the same outcomes
and adjusting for all known confounding factors, can come
up with the wrong answer – usually because it is impossible to
adjust for prognostic variables which are not known about,
or are not measurable, and which may be unevenly distrib-
uted between the treated and untreated patients. Even
adjusting for confounders that are known about is not an
exact science, particularly when the confounding variable 
is not measured accurately. Hormone replacement therapy
(HRT) for post-menopausal women is a spectacular example
of observational epidemiology getting it wrong. The obser-
vational epidemiology suggested protection from strokes, the
eventual randomized trials showed the opposite [6]. This
saga does make one wonder about the other widely used 
hormonal treatment in healthy women, oral contraceptives
which have not been, and cannot be, tested in RCTs. Is the
risk of stroke derived from observational epidemiology smaller
or larger than we think, or maybe there is no risk at all? Of
more relevance to neurologists, there is some evidence from
non-randomized data from the medical groups in the ran-
domized trials of carotid surgery that the usual positive rela-
tionship between increasing blood pressure and stroke risk
is inverted when there is severe bilateral carotid disease
(Figure 2.1). This makes pathophysiological sense and fits
with anecdotal experience that lowering blood pressure in
these patients may lead to a stroke within a few days. So is
this enough to recommend leaving the blood pressure alone,
at least until the severe carotid disease is relieved? Perhaps –
it certainly sends out a message to be very cautious about
blood pressure lowering if one is tempted to intervene.

What about relying on pathophysiology?

The first two thirds of the 20th century was the golden age
for exploiting pathophysiology to understand disease, and
from that understanding to designing treatments – many
were hugely successful such as drugs to lower the blood
pressure, dilate the bronchi, stop the stomach producing acid,
and put dopamine back into the brain. But still the question
must always remain, do the theoretical benefits based on
pathophysiology outweigh the expected – and unexpected –
harms? Does lowering the blood pressure really reduce the
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risk of stroke (yes from the subsequent RCTs), are the expected
harms less than the benefits (yes, provided problems such as
symptomatic postural hypotension are avoided), and are the
unexpected harms less than the benefits (no in the case of
practolol, the beta blocker which was withdrawn because of
pulmonary fibrosis). But relying on our necessarily incom-
plete understanding of pathophysiology can, and often does,
lead to more harm than good. When beta blockers were
introduced in the 1960s they were known to be negatively
inotropic and were therefore considered a contraindication
if there was any chance of heart failure. Several decades later,
on the basis of RCTs, they are now a treatment for heart fail-
ure [8]. So even convincing pathophysiology has ideally to

be put to the test in RCTs – does what ought to work really
work, and are the harms less than the benefits?

Is there such a thing as clinical wisdom?

I think so, and I hope so, otherwise medicine would become
no more than plugging patients into some computer which
would dictate therapeutic interventions – like ‘painting by
numbers’. Maybe this is the holy grail of those with EBMitis,
but it will not occur in our lifetime. Patients are too different
from each other in their genes, environment, diseases, reac-
tions to their diseases, desires and acceptance of risk. Decisions
still have to be made, with or without evidence – riluzole
may or may not be a reasonably evidence-based treatment for
motor neurone disease [9] but do seriously disabled patients
really want to prolong their lives by a couple of months on
average? Radiotherapy may give a malignant glioma patient
a few more months of life along with treatment-induced
fatigue [10], but he or she may prefer to get away for a final
cruise rather than return every week for 6 weeks to hospital
for treatment. On the other hand, something simply because
that is what is usually done may be not such a bad idea, at
least for a properly informed patient. But the doctor must
keep an open mind and a serious sense of curiosity and scep-
ticism, at least until an RCT can be organized. For treatments
for fairly stable symptoms, another option is an n-of-1 trial in
an individual patient so that at least for that particular indi-
vidual one can work out whether something works or not – for
example various pain killers for migraine, one anti-epileptic
drug rather than another. Even if RCTs have given informa-
tion that on average one intervention is better than another,
patients are different from each other and if there is the oppor-
tunity to try manipulating different interventions in an individ-
ual, or different doses of the same intervention, then it seems
silly not to take it. Of course, the symptoms have to be stable,
reasonably easy to measure, and it is best to use a placebo
where possible but all this can be expensive and difficult to
organize [11].

Join a clinical trial

Ideally when confronted by genuine uncertainty clinicians
and patients should join together to do the appropriate RCTs.
Decision-making then becomes easy; when there is no for-
mal evidence and you and the patient are uncertain which
treatment option to take, ask the patient to join the trial. But
so often this is not an option because:
• The disease is deemed to be too rare for a trial (e.g.
Wilson’s disease) although I am not sure this really is a valid
excuse.
• The trial may have to be so long that it is thought impos-
sible, although again that may not be a valid excuse (e.g.
drugs to modify the course of multiple sclerosis); one reli-
able answer every 5–10 years would be better than a stream
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Figure 2.1 Relationships between usual systolic blood pressure and
stroke risk in the patients randomized to medical care only from the
North American Symptomatic Carotid Endarterectomy Trial (NASCET)
and European Carotid Surgery Trial (ECST) of carotid endarterectomy,
stratified according to severity of carotid disease. Hazard ratios are
derived from a Cox model and adjusted for age, sex and previous
ischaemic heart disease and stratified by study. From Rothwell et al. [7]
with permission.
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of unreliable answers based on short follow-up and surro-
gate outcomes every 1–2 years.
• The nearest collaborating centre in the trial is too far away.
• A trial is not being done because of difficulty with ethics,
for example obtaining consent from unconscious patients.
• The intervention may seem to be too ‘trivial’ for an RCT
(e.g. turning unconscious patients) or so new it is still evolving
(e.g. middle cerebral artery clot extraction).
• Intransigent innovators or clinicians with much to gain
financially or academically may impede trials (e.g. endarterec-
tomy for carotid stenosis in the 1980s, stenting nowadays).
• Lack of incentives for busy clinicians to be involved in trials.
• Lack of regulation which allows surgical innovations and
devices to enter routine practice on the basis of ‘evidence’
which is far inferior to the RCTs required for new drugs.
• Lack of funding which is always in short supply, but it must
be cost-effective to have reliable answers to therapeutic
questions (it would help, therefore, if funding for routine
treatments and funding for RCTs came from the same
source).
How hard to push for an RCT must depend on factors such as:
• How much harm to patients would arise if no trial was
done and a new intervention was allowed into clinical prac-
tice without proper evaluation (a lot of harm potentially if
carotid stenting is allowed to replace carotid endarterectom
which is, an undoubtedly effective intervention, without good
evidence of equivalence).
• How costly the new treatment is (so RCTs of the inter-
ferons in multiple sclerosis were absolutely necessary).
• The opportunity cost of doing a trial of one intervention
and so not being able to evaluate another (which tends to
occur when industry dominates a field leaving non-drug
interventions un-evaluated).

Remain humble, do not succumb to
therapeutic nihilism or the company
dinner

I believe it is best to start from the position that something
may work rather than it must work, but at the same time not
to become hopelessly nihilistic in the expectation that noth-
ing ever works in practice. While it is true that many inter-
ventions have turned out not to work (vitamins and cancer
prevention, neuroprotection for acute ischaemic stroke) or to

work rather trivially (beta interferon for multiple sclerosis),
there have been huge successes – coils rather than clips for
ruptured intracranial aneurysms, statins to prevent strokes,
triptans for migraine. On the other hand, over optimism
fuelled by too many drug company dinners is equally dam-
aging. Well-informed uncertainty is a legitimate professional
position, but it must not lead to paralysis of action in individual
cases, even if the action is ‘do nothing’.
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Measuring outcomes

What is a good outcome measure?
Defining primary and secondary outcomes
Outcomes in clinical neurosciences research should be
directly relevant to the question being addressed, and sus-
ceptible to the effects of the intervention under investiga-
tion. Although several outcomes are usually measured in
any study, investigators must define a priori which outcome
is their primary target, and which are secondary. The dis-
tinction is important because the sample size, significance
level, and power of the study to find a difference when there
is one, are all based on one primary outcome measure. All
other outcomes are ‘secondary’ because the study may or
may not be powered to formally test their significance.
Hence, secondary outcome measures may be useful to gen-
erate hypotheses and they may lend support to notions, but
may not necessarily prove the effect of an intervention. If
readers of a medical paper are unable to readily identify a
primary outcome measure, they should use caution in inter-
preting the results. Primary and secondary outcomes are
critical to the validity of a study, and analysis strategies for
these variables should be pre-specified. Completeness and
accuracy of primary outcome data collection is paramount;
incomplete data can seriously affect the study validity [1].
Examples of typical primary outcomes in neurosciences
include �50% seizure reduction, stroke or vascular death,
and relapse of multiple sclerosis. Note that these outcomes
should have direct clinical relevance. When the latter is in
question (e.g. �50% seizure reduction), the clinical useful-
ness of the study is equally questionable, regardless of its
statistical significance.

An equally important aspect of defining outcomes per-
tains to the applicability of study results. All outcome assess-
ment entails a specific method of measurement, a time
frame within which it is measured, and a notion of reliabil-
ity and validity of the measurement. An explicit description
of these elements is necessary for clinicians to judge the rele-
vance and applicability of research results to the care 
of individual patients. For example, most clinical trials of
interventions in chronic neurological conditions use short-
term outcomes. Other trials assess outcomes for interven-
tions that have a highly restricted application or patient

population. These factors determine the applicability of the
results in clinical practice.

Standardizing outcome measures
Measuring outcomes in a consistent (e.g. standardized)
manner in all study participants and at all time points, is
necessary to avoid error and bias, and to ensure repro-
ducibility [2]). In addition to decreasing the ‘noise’ inherent
in any measurement process, rigorous adherence to stan-
dardized outcome measurement is necessary to obtain valid
(i.e. believable) results.

Numerical results from standardized measures (e.g. scores
of rating scales) have many advantages over qualitative
assessments (e.g. adjectives like ‘improved significantly’),
unless the latter are clearly defined, preferably with an
external reference value. Numerical indices allow more
detailed and precise reporting than qualitative assessments,
lend themselves to statistical analysis, and are easier to com-
municate. Although developing valid standardized measures
is labour intensive, they are usually more informative and
efficient than subjective evaluations. Even when seemingly
simple outcomes are assessed (e.g. stroke versus no stroke,
MS attack versus no attack, etc.), it is essential to standard-
ize the definition of what constitutes an event.

Useful outcome measures must be valid, reliable, and
responsive to change. Validity refers to the ability to meas-
ure the specific domains we are interested in; for example,
pain, activity limitation (disability), or quality of life (QOL).
Reliability pertains to obtaining the same result when applied
to similar patients by different outcome assessors or at differ-
ent points in time. Responsiveness ensures that small but
clinically important changes are captured. This is particularly
relevant when assessing the effect of interventions or change
over time in individual patients. Unresponsive measures,
even if valid and reliable, are futile for assessing the effect of
interventions or the effect of time. Clinicians faced with evi-
dence about an intervention must be satisfied that the meas-
ures used by researchers have been demonstrated to have
satisfactory responsiveness.

Using surrogate outcomes, advantages, and pitfalls
A surrogate outcome measure can be conceptualized as a
laboratory, physiologic, or sub-clinical measurement used as
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a substitute to measuring outcomes that are directly related
to how patients feel and function, or related to their survival
[3,4]. Examples include using infarct size on brain CT in lieu
of clinical stroke severity, carotid plaque changes in lieu of
stroke occurrence, and MS lesion burden on MRI in lieu of
disability. Surrogate outcomes may provide important back-
ground information about the potential usefulness of an
intervention, which can then be tested formally in clinical
trials. They also lend themselves more readily to blinded
assessment. In stroke, for example, an independent radiolo-
gist who is unaware of treatment and clinical outcome could
determine the size of an infarct, a surrogate outcome that is
easier to blind and may be related to clinical outcome.

However, clinicians must use surrogate markers cau-
tiously because they cannot reliably predict the outcome for
which they have been substituted. Although surrogate out-
comes may be more reliable if they are causally and consist-
ently associated with the clinically important outcome,
widespread adoption of interventions based on surrogate
outcomes can be seriously misleading [5]. Classic examples
include the use of Xylocaine in acute myocardial infarction,
which prevents the surrogate outcome of arrhythmias but
increases the risk of death; and clofibrate, which improves
the surrogate outcome of hypercholesterolemia but increases
overall mortality.

Statistical versus clinical significance
Although assessing statistical significance is straightforward,
the same is not true about clinical significance. Both con-
cepts are important in evaluating the usefulness and safety
of interventions. Statistical significance provides us with
some level of confidence (95% for a P value of 0.05) that the
results are not due to chance or error, regardless of their
clinical significance. On the other hand, clinical significance
can be defined in terms of the minimum clinically important
difference. That is, the minimum change that patients or clin-
icians consider sufficient to justify an intervention, in the
absence of adverse events [6]. In the context of clinical
interventions, assessing clinical significance must also
account for the differences between experimental and con-
trol groups [7].

In contrast to the universally accepted statistical signifi-
cance threshold (P � 0.05), the magnitude of change
required for clinical significance varies depending on the dis-
ease under consideration and the outcome measure used
(see below). Other factors such as cost are also relevant and
may influence the relationship between the magnitude of
change in the clinical outcome and its clinical significance.
Perhaps in an attempt to clarify the concept, some commen-
tators suggest that clinical significance is reached when the
results lead to a change in clinical behaviour or improve-
ment in the patients’ QOL [7].

Clearly, statistical and clinical significance are related.
With the exception of interventions for which historical

incontrovertible clinical evidence of benefit exists (e.g.
insulin for diabetes), statistically non-significant findings are
inconclusive and not widely adopted, unless no other ther-
apies exist. Similarly, statistically significant results that do not
reach the threshold for clinical significance are rarely worth
implementing. Whereas statistically significance is directly
related to sample size and can be enhanced by increasing the
number of study subjects, clinical significance is not. Consider
the evidence for donepezil (Aricept) in slowing the progres-
sion of dementia. A Cochrane meta-analysis revealed a statis-
tically significant mean improvement of 2.9 points at 24
weeks in the primary outcome measure, the ADAS-cog scale,
using 10 mg of donepezil. However, the ADAS-cog’s score
ranges from 0 to 70 and one must wonder whether a change
that is less than 5% of the total range has any clinical signifi-
cance (www.uwo.ca/cns/ebn). A similar observation can be
made about vagus nerve stimulation for medically refractory
seizures. A meta-analysis of randomized trials (www.uwo.ca/
cns/ebn) demonstrated a mean improvement of 16% in
seizure frequency at 3 months. Although this was statistically
significant, its clinical significance is difficult to ascertain
because of the small effect size and the brief duration of 
follow-up.

How are outcome measures applied in clinical
research?
Avoiding measurement bias
Bias may be conceptualized as any process at any stage of
research or inference which results in systematically over-
or underestimating the effect of an intervention. Bias differs
from random error in that the latter does not have a consist-
ent direction, for example, does not consistently over or
under-estimate outcomes. Sackett has compiled a compre-
hensive catalogue of the different kinds of biases that threaten
the validity of clinical research at various levels of implemen-
tation [8]. In studies of interventions and randomized trials,
bias occurs when outcome assessors (clinicians, researchers,
or patients themselves) are not blinded to the type of inter-
vention received and their knowledge influences their assess-
ment. Consequently, interpreter-dependent measures (e.g.
clinical assessment and tests requiring clinical interpretation)
are more prone to bias than physiologic- or interpreter-
independent measures (e.g. standardized laboratory or bio-
chemical indicators).

Another important source of bias in interventional studies
is the imbalance between patients and controls of known or
unknown variables that affect outcome, that is, con-
founders. Imbalance in confounders may predetermine the
results and is a serious threat to the validity of the results.
The universal approach to balancing confounders among
experimental and control groups is randomization. In this
process, each patient has an equal chance of receiving
experimental or control interventions. Ideally, randomiza-
tion results in experimental and control patients that are
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similar in every respect but the intervention under investi-
gation. However, imbalances may still occur with random-
ization, especially if the sample size is small. In this situation,
post hoc adjustments may be used in data analyses for vari-
ables that are known, but this does not correct for unknown
confounders.

Placebos and blinding
Correctly conducted, blinded, randomized controlled trials
(RCTs) provide the most valid estimates of treatment effects,
and account for phenomena such as regression to the mean
(the tendency of extreme measures to become less extreme
on repeated assessment), the effects associated with being a
research participant (Hawthorne effect), [9] and the effects
of receiving an apparently therapeutic intervention (the
placebo effect) [10]. Blinded outcome assessment is often
accomplished through the use of placebos whose appear-
ance is similar or identical to the experimental intervention.
Although the use of placebos in pharmacological interven-
tions is relatively simple, the same is not true about surgical
interventions, procedures, and devices. The ethical and
emotional issues surrounding sham procedures, and espe-
cially sham surgery, are enormous. In the neurosciences,
even minimally invasive interventions, such as non-
penetrating skull burr holes in surgical trials for movement
disorders, aroused intense controversy, and vehement
expression of polarized views [11]. Viable alternatives to this
methodological impasse include the adjudication of out-
comes by independent, blinded assessors, and the use of
interpreter-independent, clinically relevant primary out-
come measures.

Whose viewpoint should outcome measures
reflect?
Every clinical outcome measure requiring judgement or
interpretation captures the viewpoint of the assessor (e.g.
the clinician, researcher, observer, or patient). This is import-
ant because there is empirical evidence that patients, clin-
icians, and families assess the same outcomes in different
ways [12–14]. As the clinical community moves towards
patient-centered care, and as the practice of medicine moves
towards a model of best-agency and away from paternalism,
the importance of the patients’ viewpoint is increasingly 
recognized. Patients’ self-rated outcome measures, espe-
cially if valid and standardized, provide the viewpoint of 
the most important stakeholder in clinical practice, that is,
the patient. In addition, these measures allow the assess-
ment of minimum clinically important differences. As a gen-
eral principle, the viewpoint captured by outcome measures
should be that of the recipient of the intervention. Therefore,
if interventions are geared towards families, societal groups,
or clinicians, the corresponding viewpoints should be
obtained.

Applying outcome measures in clinical
practice

Dichotomous outcomes
Relative versus absolute measures
The relative risk (RR) and the relative risk reduction (RRR)
express the impact of treatment on dichotomous (e.g.
yes–no) outcomes. The RR is simply the ratio of two propor-
tions and it provides the ratio of the event risk in the treat-
ment or experimental group versus that in the control group
(Table 3.1). The RRR is an estimate of the proportion of base-
line or control group risk that is removed by the interven-
tion (Table 3.1). A third relative measure of treatment effect
is the odds ratio (OR), which is the ratio of two odds, for
example, the odds of experimental patients having the tar-
get outcome and the odds of control patients having the tar-
get outcome (Table 3.1).

The most commonly used absolute measure is the absolute
risk difference (ARD). The ARD tells us what proportion of
patients is spared the adverse outcome if they receive the
treatment under study, rather than the control treatment or
placebo, and is obtained by subtracting the proportion of
patients with the target event in the control group from that
in the treatment or experimental group (Table 3.1). The ARD
is more useful clinically because one can easily derive the
number needed to treat (NNT) [15,16]. This represents the
number of patients that need to be treated over a certain
period of time to prevent one adverse or target event, and is
obtained by taking the reciprocal of the ARD expressed as a
proportion; that is 1/ARD. A negative number, denotes that
the experimental intervention is harmful because it increases
the risk of an adverse event. The resulting number is referred
to as the number needed to harm (NNH) [16] (Table 3.1).

The main disadvantage of relative measures (RRR) is that
they do not account for the baseline risk. For example,
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Table 3.1 Definition of commonly used measures of therapeutic
efficacy

Treatment Adverse event

Present Absent

Yes a b
No (control) c d

Control event rate CER � c/c � d
Experimental event rate EER � a/a � b
Relative risk RR � EER/CER
Relative risk reduction RRR � 1 � RR 
Absolute risk difference ARD � CER � EER
Control odds CO � c/d
Experimental odds EO � a/b
Odds ratio OR � EO/CO or ad/bc
Number needed to treat NNT � 1/ARD
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reducing the risk of seizure recurrence from 90% with med-
ical therapy to 40% with temporal lobe surgery yields an
RRR of 56% and an NNT of 2. If the risk of seizure recur-
rence were decreased from 9% with medical therapy to 4%
with surgical therapy, this would yield an identical RRR of
56%, but the NNT would be 20 (10 times higher!).

Calculating NNTs from OR, RR, or RRR
When NNTs are not provided by researchers, one can calcu-
late them from the probability of an event in the treatment
group (experimental event rate � EER) and the probability
of an event in the control group (control event rate � CER).
If the CER and either the RR or RRR are provided, the NNT
can be calculated with the following formulas [16,17]:

if the RR � 1 then NNT �

if the RR � 1 then NNT �

If the CER and OR are provided, the NNT can be calculated
using the following formulas:

if the OR � 1 then NNT �

if the OR � 1 then NNT �

Numerous freely accessible OR and NNT web calculators are
available. For example see http://www.uwo.ca/cns/ebn/
ebntools.xls.

Continuous outcomes
How can we interpret and use grouped outcome
measures, for example means and medians?
Because dichotomous outcomes (e.g. occurrence of seizures
versus not) can yield ARDs and NNTs, they lend themselves
to clinical interpretation and application of research results
at the bedside. However, many clinically relevant outcomes
are expressed numerically as a continuum (e.g. pain, dis-
ability, cognitive function, symptom severity, QOL) and
reported as the group’s mean or median, with some measure
of variability (e.g. standard deviation or standard error).
How are clinicians to interpret these reports? Typically, stud-
ies exploring the impact of treatments on continuous meas-
ures compare the means in treatment and control groups
and assess whether the differences are statistically signifi-
cant. However, the clinical importance of grouped or mean
changes is difficult to interpret, regardless of their statistical
significance. This is because aggregate or grouped data
(means, medians) convey no information about the number
of individuals in a group who experience clinically import-
ant change. For example, when the mean change for the
group is not statistically significant or when it is lower than

a pre-specified minimum threshold, clinicians may erro-
neously conclude that the treatment has no important effects
for the group. In reality, this conveys no information about the
proportion of individuals in that group who experienced clini-
cally significant improvement or worsening. Conversely, large
mean changes can be misconstrued as a group overall’s
improvement, when in reality this can be accounted for by a
small number of individuals experiencing large changes, while
the majority of the group remains unchanged [18]. Clinical
interpretation of continuous outcomes requires a notion of
what constitute clinically important, small, medium, and
large changes in individual patients, a concept alluded to
earlier. Assessing clinically important change in individual
patients is increasingly recognized as a prerequisite for judg-
ing the impact of interventions on outcomes measured
along a continuum. If clinicians know how many patients
improved, worsened, or did not change, they can obtain
ARD and NNTs or NNHs, using the simple methods outlined
earlier. These measures are much more meaningful than a
mean with an attached P value, regardless of its statistical
significance [19].

In the absence of a notion of what constitutes a minimum
clinically important difference for a specific outcome meas-
ure, clinicians can resort to the ‘half-standard deviation’
rule. There is evidence that in many circumstances, the min-
imum important difference can be approximated by one half
(0.5) of the standard deviation of the score of the instru-
ment assessing the outcome of interest (e.g. pain, QOL, life
satisfaction, disability, etc.) [20]. The standard deviation for
an instrument or scale can usually be obtained from the
reports of an instrument’s measurement properties, or from
studies reporting the instrument’s finding in populations
similar to the patients in whom one is applying the measure.

A simple, useful method to obtain NNTs from parallel (not
cross-over) RCTs using a continuous outcome measure has
been suggested by Guyatt et al. [18] and is illustrated below.
If the outcome is categorized according to the minimum
clinically important difference into three groups (improved,
unchanged, and worsened), we obtain the following table:

Control Treatment

% Improved % Unchanged % Worsened 
(x) (y) (z)

% Improved (d) dx dy dz
% Unchanged (e) ex ey ez
% Worsened (f ) fx fy fz

(From Bussiere M, Wiebe S, Can. J. Neurol. Sci. 2005; 32: 420–3, with
permission.)

Each cell is the product of multiplying the proportions in
the corresponding headings. For example, cell dx is obtained
by multiplying proportion (d) by proportion (x). Patients

1 CER OR 1

CER OR 1 1 CER

� � �

� � � �

( )

[ ( ) ( )]

1 CER 1 OR

1 CER CER 1 OR

� � �

� � � �

[ ( )]

[( ) ( )]

1

(RR 1) CER� �

1

(1 RR) CER� �
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along the diagonal (clear cells) are unchanged. To obtain the
NNT we add up the cells of those who improved (gray cells,
ex � fx � fy), subtract the cells of those who deteriorated (dark
cells, dy � dz � ez), and divide 1 by the result. A spreadsheet
that calculates this NNT is available at http://www.uwo.ca/
cns/ebn/ebntools.xls (click on the tab labeled ‘NNT-3 
category’).

Quality of life
Health related QOL entails aspects of well-being and health
as they impact on a person’s life, as rated by patients them-
selves and encompassing a number of areas or domains,
including psychosocial and physical function, general
health, specific symptoms, and limitations imposed by
health problems [21]. QOL is particularly germane to neuro-
logical disorders because of their chronicity and because of
the risk–benefit trade-offs incurred in their treatment (e.g.
brain tumour resection at the risk of loss of function).
Moreover, although no models currently exist to incorp-
orate QOL information into routine clinical care [22], evi-
dence is accumulating for its role in neurological disorders.
For example, Gilliam et al. demonstrated in an RCT that
patients with epilepsy randomized to QOL measurement
had a higher rate of detection and treatment of drug of
adverse effects than those in whom QOL was not measured
[23]. Similarly, Wagner et al. showed that 63% of clinicians
gained new information and 14% changed management
based on QOL assessment using the generic instrument 
SF-36 in the routine care of patients with epilepsy [24].
Although QOL assessment is still in its infancy and is often
discounted as subjective or soft, increasingly, studies are
including QOL measures in their outcomes or even as pri-
mary outcomes, in recognition of the importance of patient-
centred outcome assessment. A large number of QOL tools
have been developed in the last decade. These can be cat-
egorized as generic or non-targeted (e.g. SF-36, Sickness
Impact Profile, EQ-5D, etc.), or specific (targeted) tools. The
latter can be specific to a condition, a population or a symp-
tom. The choice of QOL tool to assess outcomes should be
determined by the question being asked, the characteristics
of the tool (ease of administration, validity, reliability, and
responsiveness), and whether comparisons with other con-
ditions are important. If the latter is important, generic tools
allow for comparisons across conditions and populations.
On the other hand, there is empirical evidence that disease-
specific or targeted QOL instruments are more responsive to
change than generic or non-targeted measures [25].

Measuring adverse effects

What types of studies do we need?
Adverse effects of interventions are as important as their
efficacy; however, their assessment is less well developed for
a number of reasons. One of the most important barriers is

study design. Currently, study designs used to demonstrate
efficacy follow the criteria of regulatory agencies upon
which market licenses are granted. These studies are too
short, too small, and completely inadequate to assess harm.
Because interventions that reach the licensing trial stage
typically have a relatively low rate of severe adverse events,
their assessment requires prospective cohort studies with
large numbers of patients observed for prolonged period of
time and evaluated in a systematic manner. For instance,
30,000 patient-years would be needed to have 95% confi-
dence to detect an adverse event that occurs once in every
10,000 patient-years [26]. On the other hand, clinicians must
also be wary about inferring causality based on single or small
reports of adverse events in the absence of robust data.
Contribution to central adverse event registers, and a watch-
ful, informed clinical practice style are preferable responses.
The lack of robust evidence for causality of adverse events has
resulted in unwarranted and prolonged withdrawal from use
of important interventions (e.g. digoxin and metformin).
Exceptionally, the adverse event rate is sufficiently high to
allow astute clinicians to establish a causal association, for
example 30% risk of irreversible visual field constriction with
vigabatrin.

Funding studies geared at assessing adverse effects is
largely non-existent. Case–control and pharmacosurveil-
lance studies are the surrogate method whereby clinicians
can gain understanding about adverse effects. However,
although these studies provide a notion of the occurrence of
adverse effects, the true incidence, and more importantly,
the causal association with putative interventions are very
difficult to establish. Another problem in the assessment of
adverse effects relates to the method used to probe for their
occurrence. Adverse effects spontaneously reported by
patients can potentially underestimate, and less frequently
overestimate their frequency. To overcome this problem,
some studies use questionnaires or checklists with standard
terminology and content. However, these questionnaires
may miss adverse events that were not probed, and the
prompting induced by a list of symptoms may lead to over-
reporting. Also, clinical trials of new interventions usually
exclude pregnant women, those with inadequate contracep-
tion methods, and paediatric populations, further contribut-
ing to the scarcity of data in these groups of patients.

Five study designs have been used in the literature to
assess harm, that is, RCTs, cohort studies, case–control stud-
ies, case series, and case reports. Each has strengths and
weaknesses. A defining feature of the first three is the
assembly of one or more comparison groups. The last two
are typically retrospective, lack comparison groups, and
should be used for hypothesis generation rather than to
claim an association. The appropriateness of any study
depends on the exposure and outcome of interest. Hence,
carefully conducted RCTs are useful for frequent adverse
events that occur early after the intervention, for example,
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harm related to epilepsy surgery. However, case–control
studies are the preferred vehicle for rare or late adverse
effects.

Applying information about adverse effects in
clinical practice
Likelihood of being helped versus harmed (LHH). The NNH is
a simple measure that tells us how many patients need to
receive an intervention for one patient to experience an
adverse effect. The larger the NNH the safer or better tolerated
the intervention. A more meaningful measure that incorpor-
ates information about benefit and harm is the LHH, which
expresses the ‘pros’ (benefits) and ‘cons’ (harm) of a treat-
ment in a single value. In its simplest expression the LHH is
simply the ratio of the NNH and the NNT: LHH � NNH/NNT.
An LHH � 1 means that the expected benefits outweigh the
possible harm, an LHH � 1 means that the possible harm out-
weighs the expected benefits.

One problem with the crude LHH is that it implies equal
severity weights for the adverse event and for the beneficial
effect. For example, according to a meta-analysis of thrombol-
ysis for acute ischemic stroke, [27] the NNT to reduce death or
dependency is 7, and the NNH for fatal intracranial haemor-
rhage is 40. Hence, LHH � (40/7) � 6. Because both out-
comes are fairly similar in severity (both include a risk of
death), one may say that IV tPA is 6 times more likely to help
than to harm this select group of patients. The same is not
true for symptomatic intracranial haemorrhage, whose NNH
is 14, hence LHH � (14/2) � 2. Because death/dependency
is a more severe outcome than symptomatic haemorrhage,
we cannot meaningfully use this crude LHH. In this case,
clinicians and patients may give each outcome a different
severity weight. For example, if symptomatic haemorrhage
were judged to be one tenth (0.1) as severe as death/depend-
ency, the adjusted LHH would be [(NNH/weight)/(NNT)];
thus, [(14/0.1)/7] � 20. Therefore, a milder adverse effect
results in a larger LHH, indicating a more effective and safe
procedure, for example, intravenous tPA is 20 times more
likely to help than to harm patients when considering this
particular adverse effect.

Illustrating outcomes measures with an
example: Epilepsy

An example of the complexity of outcome assessment in
neurology is found in epilepsy. Clinical trials in epilepsy pres-
ent a wide range of challenges. Four main types of outcome
measures are used in clinical trials of epilepsy, for example,
seizure frequency, seizure severity, adverse effects, and QOL.
Seizure frequency is the most commonly used. Although
superficially simple, measuring this outcome is not straightfor-
ward. First, few studies have explored the validity of seizure
diaries, the standard method of capturing this outcome.
Second, there is no consensus about the optimum specific

seizure measure. Most pharmaceutical trials focus on some
measure of improvement in seizure frequency (e.g. �50%),
for which no notion of a minimum clinically important
change exists, as opposed to seizure freedom, which is always
clinically meaningful. Third, comparing mean seizure counts
is an alternative; however, the clinical interpretation of group
means and medians is problematic (see above).

Finally, the overall objective of any intervention in epilepsy
is to improve the patients’ QOL. Numerous scales have been
designed to assess QOL in epilepsy, their reliability, validity,
and responsiveness have been established [28], and thresh-
olds that constitute minimum clinically important change in
individual instruments have been reported [19]. Yet,
because of regulatory and licensing requirements, few stud-
ies emphasize or adequately assess the impact of interven-
tions on QOL.

Interpreting outcomes in epilepsy surgery
Clinicians at the University of Western Ontario wished to
know if they should refer a patient with temporal-lobe
epilepsy (TLE) for surgery. After searching the literature for
the best evidence, they came across a study that compared
surgery and medical treatment in patients with TLE [29].

The study was a RCT that assessed the safety and efficacy of
temporal lobe surgery as compared to medical treatment. The
primary outcome was freedom from seizures. Secondary out-
comes were frequency and severity of seizures, QOL, disability,
and death. Clinicians calculated the CER (medical therapy),
EER (surgical therapy), ARD, NNTs, and their respective confi-
dence intervals using a simple, 2 � 2 table, and produced a
critically appraised topic (Appendix) (http://www.uwo.ca/
clinns/ebn).
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Appendix

In patients with TLE, surgery was superior to medical ther-
apy at 1 year. The NNT was 3 to render patients free from all
seizures, and to render them free of seizures impairing
awareness.

Clinical Problem: The patient is a 36-year-old male with long-
standing history of medically refractory TLE and mesial tem-
poral sclerosis on MRI.

Clinical Question: What is the efficacy and safety of temporal
lobe surgery in patients with TLE?

Search Strategy: PubMed: Search ‘TLE’ and ‘surgery’, All
Fields, Limit to RCT, Human. Yielded eight citations. The
article chosen was cited first.

Clinical bottom lines:
1 With temporal lobe surgery, the NNT for freedom from 
all seizures at 1 year was 3 (95% CI 2, 5), while it was 
2 (95% CI 1.5, 3) for freedom from seizures impairing
awareness.
2 The proportion of patients that remained free of seizures
impairing awareness at 1 year was 58% in the surgical
group and 8% in the medical group (P � 0.001).
3 The proportion of patients that remained free of all
seizures was 38% in the surgical group and 3% the medical
group (P � 0.001).
4 The QOL was better among the patients in the 
surgical group than among those in the medical group
(P � 0.001), and it improved over time in both groups
(P � 0.003).
5 Temporal lobe surgery was safe in patients with TLE (see
data interpretation below).

The evidence:
This parallel group RCT assessed the safety and efficacy of
temporal lobe surgery as compared to optimum medical
treatment at 1 year in 80 patients with TLE. Optimal medical
therapy and primary outcomes were assessed by blinded
epileptologists. Analysis was by intention to treat. The pri-
mary outcome was freedom from seizures that impair
awareness. Secondary outcomes were frequency and sever-
ity of seizures, QOL, disability, and death.
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Data and interpretation:
1 Freedom of seizures impairing awareness at 1 year

Seizure free Seizures Total

Surgery 23 17 40
Medical therapy 3 37 40

Total 26 54

CER � 0.08, EER � 0.58, ARR � 0.5, NNT � 2 (95% CI 1.5, 3).

2 Freedom of all seizures at 1 year

Seizure free Seizures Total

Surgery 15 25 40
Medical therapy 1 39 40

Total 16 64

CER � 0.025, EER � 0.375, ARR � 0.35, NNT � 3 (95% CI 2, 5).

3 Risk and harm

ARI (%) NNH (1/ARI) 95% CI (ARI)

Surgery
Total risks (surgical 

complications) 11 9
Thalamic infarct 2.5 40 0.06, 13
Wound infection 2.5 40 0.06, 13
Decreased verbal 

memory 5 20
Asymptomatic superior 

quadrantanopsia 61 1.5

Medical therapy
Death 2.5 40 0.06, 13

ARI: absolute risk increase; NNH: number needed to harm.

Comments about the evidence:
1 Although two blinded epileptologists assessed the
patient’s seizure diaries, one wonders whether patients may
have had seizures that impaired awareness and thus were
not recorded. However, this is the only feasible manner of
measuring seizure outcome, and is standard for all medical
or surgical epilepsy trials.
2 No clear description was given specifically about how
adverse events were collected.
3 The long-term outcome of surgery was not addressed by
this RCT. However, long-term outcomes are unlikely to be
derived from RCTs, which are typically of limited duration.
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Introduction

Obtaining an accurate diagnosis is essential in clinical prac-
tice. Almost all clinical actions are in one way or the other
related to the diagnosis. When confronted with a patient
with a medical problem, the first effort goes – either impli-
citly or explicitly – into making a diagnosis. This should trans-
late into an expected prognosis and guide further action,
either immediate therapeutic intervention or further diagnos-
tic testing. An accurate diagnosis is crucial in choosing the
right therapy and, vice versa, it is often only possible to prop-
erly evaluate the results of any treatment within the context
of a certain diagnosis.

Despite the pivotal role of diagnosis in clinical practice, it has
been the focus of much less research than has the develop-
ment and evaluation of treatments. As in football, scoring the
goal draws more attention than giving the assist. Consequently
the methodological development of therapeutic research is
more advanced. Randomized controlled trials (RCTs) are now
widespread and standardized approaches to evaluating the
quality of these trials have been developed. Moreover, given
that sometimes the omissions are not in the execution of
research but in the reporting of the findings, guidelines have
been developed to improve the reporting of RCTs and thus
facilitating the assessment of the validity of the results [1]. This
so-called CONSORT statement is now accepted and applied by
the major medical journals.

Progress is now being made in the field of diagnostic testing,
such as the STARD initiative [2]. Like the CONSORT, STARD is
intended to improve the quality of reporting of studies to the
advantage of clinicians, reviewers and others. However, since
this is a relatively recent development, most published studies
on diagnostic tests that are included in present reviews may
suffer from a lack of information on key elements of design,
conduct and analysis [3].

Importance of diagnostic research

One of the main problems facing research into diagnosis is 
the fact that the field of diagnostic test development is often
exceedingly dynamic. With progressing technical abilities 

new diagnostic procedures are introduced at a high rate, fre-
quently without careful clinical evaluation. Indeed, the speed
of development of new tests (e.g. in the field of molecular
genetics or radiology) can undermine careful evaluation of
their diagnostic properties. However, the importance of rigor-
ous diagnostic research should not be underestimated. The
lack of reliable information on the accuracy of new diagnostic
tests or procedures can result in incorrect diagnoses, unneces-
sary procedures, avoidable burden for patients and increased
health care costs. It is also important to realize that this is not
only applicable to new diagnostic tests, but also to diagnostic
procedures that have been used in clinical practice for many
decades (and still are used) despite never having been prop-
erly analysed with respect to their diagnostic features.

Introduction and application of diagnostic test procedures
must be based on adequate clinical evaluation. Clinicians must
therefore be familiar with concepts such as sensitivity and
specificity, pre- and post-test odds, likelihood ratios, pre- and
post-test probabilities and diagnostic-odds ratios. Moreover,
they should be aware of strengths and limitations of these con-
cepts since this is critical for the judgement on the potential
relevance of any test in daily practice.

The design of diagnostic research depends to a great extent
on the objective of the test. Some tests focus on identifying a
disorder whereas others focus on prognosis or decisions con-
cerning therapy. For each of these questions different designs
may be appropriate. So far, no standards for the evaluation of
diagnostics are formulated as a requirement for acceptance [4].

Importance of systematic reviews of
diagnostic research

There are at least three situations in which systematic
reviews of diagnostic research should be advocated. First, if
there are many publications on a specific topic there is, of
course, a need for efficiently integrating this existing infor-
mation. All parties involved in decision making – health care
providers, researchers and policy makers – often have access
to large numbers of publications, but it may be hard to prop-
erly weight all this information. Systematic reviews and
meta-analysis may help, where possible, to amalgamate all
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information and to draw well-balanced and more reliable
conclusions. Second, if there are few publications on a spe-
cific topic a detailed literature search and systematic review is
equally important in order not to miss what previous work
has been done. Finally, if there are insufficient publications
on a specific topic, systematic reviews are essential to con-
vincingly document this lack of information and thereby
influence the research agenda.

Construction of diagnostic reviews

There are five key elements in systematic reviews in general
and these are also present in diagnostic reviews [5]. These
elements mark the steps that should be taken by the authors
in chronologic order and as a rule are present in the manu-
script in the same sequence.

All systematic diagnostic reviews must start with the formu-
lation of a review question. This question should be sufficiently
detailed to be of help in the next steps of the review. This
means that the question not only includes the test and its
objective, which – as indicated earlier [4] – can vary but which
must specify the patient population and the setting. In add-
ition, the reference test ‘gold standard’ and outcomes should
be included in the question. This results in a focussed question
that is on the one hand helpful for the review process and on
the other hand enables the reader to judge whether the review
is addressing the issue he or she is interested in.

Based on this focussed question a comprehensive search of the
literature and selection of primary studies must be performed.
The search for primary studies must be thorough in order not
to miss studies. This is an important element in the review
that should be described in detail. Details about the search
strategy, including the databases that were explored, the ref-
erence lists that were scanned and the experts that were con-
tacted, should be described in order to allow the reader to see
whether the strategy was sufficient to be reasonably compre-
hensive and to minimize bias in study selection. After all
potentially relevant studies are identified, the process by
which studies were selected and excluded must be explained
and justified.

The critical appraisal of the quality of included studies and the
extraction of data from these studies forms the next step in the
process and the subsequent part of the paper. The quality 
criteria to be evaluated include study design, patient sample
(e.g. recruitment, setting and characteristics), reference diag-
nosis, execution of the experimental test and the completeness
of the report [6]. It will often be necessary to contact the
authors of the original papers to ask for additional informa-
tion. Lack of information in the publication on some aspects 
of the study related to quality does not necessarily imply a
reduced quality in the execution of the study. Implementation
of the STARD initiative [2] will eventually improve the report-
ing of diagnostic studies, but systematic reviews will often 

continue to need to include older studies. Results from the
quality assessment must be included in the review. If studies
fail to reach a certain standard of quality they can either be
excluded from the review or analyses of the results can be
stratified by (aspects of) study quality. This decision should 
be clearly indicated in the report. From all included studies
data concerning diagnostic accuracy should be extracted. This
can be done in parallel with quality assessment.

The next phase is the synthesis and summary of study results.
After collecting all available relevant data from the included
studies these data should be analysed and, if possible and
meaningful, pooled. Although statistical techniques are
available to combine outcome measures, the resulting sum-
mary estimate is not always useful. For example, there may
be substantial variability in results of the included studies, in
which case, identification and description of the sources of
this heterogeneity is more informative than reporting a sin-
gle pooled measure of accuracy. When reading this section
of a review, attention must be paid both to the decision to
perform a meta-analysis or not and to the choice of the
applied methods.

In certain circumstances, it can be helpful to obtain the indi-
vidual patient data from studies in order to better understand
apparent differences in findings or to stratify analyses by
important covariates. For example, despite concerted attempts
to review and draw conclusions from the published literature
comparing non-invasive tests for imaging carotid stenosis 
with the Gold Standard of arterial angiography, there was 
significant heterogeneity of test accuracy for virtually all non-
invasive modalities and it was not possible to perform any 
key subgroup analyses (e.g. accuracy in symptomatic versus
asymptomatic arteries) or determine the effect of using several
non-invasive tests together [7–11]. These difficulties forced
researchers to resort to pooled analyses of individual patient
data [12].

Finally, interpretation of the results must result in a balanced
discussion about the strengths and limitations of the review.
The implications for clinical practice should be expounded
and in addition suggestions for further research may be
included.

Critical issues in diagnostic reviews

There are several critical issues in diagnostic research in gen-
eral and more specifically in diagnostic reviews [13]. Some of
the most important issues will be briefly addressed here. They
match the key elements described in the previous section.

If performed adequately, the answer one can get from a
diagnostic review is determined by the question from which
the review started. If for instance one is interested to find out
whether a new test can replace an existing test, a review
should contain studies in which both tests are compared [6].
Combined data from studies in which both tests are evaluated
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independently from each other may be less informative and
more difficult to interpret.

For the validity of a systematic review it is crucial that all
available data that are relevant for the research question is
identified. Therefore, a comprehensive and systematic search
of the literature is needed. Search strategies to identify studies
of diagnostic test in specific databases have been developed
[14,15] but these cannot guide the search in the so-called
‘grey literature’ [16]. The use of a methodological filter can be
helpful in reducing the search results, but should not lead to
elimination of relevant studies. Their use in intervention
studies may be advantageous, but it has been shown that the
use of these filters in diagnostic reviews may lead to omission
of many studies and consequently jeopardize the validity of
the review and should thus be avoided [17].

Apart from being incomplete when searching the litera-
ture another threat for the validity of the review is publication
bias. If studies with poor test performance results are not
published the diagnostic accuracy of the test will be over-
estimated in the review [13]. Research on the underlying
causes for publication bias and the impact on in diagnostic
reviews is limited. In common with therapeutic reviews,
funnel plots can be used to evaluate publication bias in diag-
nostic reviews [18], although careful consideration of the
structure of the plot is needed [19].

After identifying all relevant studies, the methodological
quality of all these studies should be assessed. Methodological
shortcomings may affect estimates of the accuracy of a diag-
nostic test in either way [20]. However, only a small minority
of diagnostic reviews take differences in quality into account
[21]. Using a Delphi procedure an evidence based quality
assessment tool (QUADAS) was developed for use in system-
atic reviews of diagnostic accuracy studies [22]. The QUADAS
tool is a list of 14 questions focussing predominantly on sev-
eral potential sources of bias (which may limit the validity of
the study results). In addition, sources of variability (which
may limit the generalizability of the results) and the quality of
reporting are included. Clear instructions on how to score
each item are available, but the use of an overall quality score
is discouraged. An overall score implies the need for combin-
ing different aspects of quality and so far, there is no generally
accepted method of weighting the individual quality items
against one another. In addition, because of the frequently
poor reporting of the primary study any scoring system will be
hampered. But even if all elements are available, investigating
the association between different quality aspects and diagnos-
tic performance estimates may be preferred to using com-
bined quality scores [23]. So far the empirical evidence about
the size and the effect of these associations is limited [24].

In systematic reviews, the way in which estimates of diag-
nostic accuracy obtained from the individual studies are sum-
marized is variable. Also the choice of outcome measure may
differ from review to review. Based on their familiarity to 

clinicians, sensitivity and specificity are often reported as
main outcomes. In addition, the advantage of these measures
is that most diagnostic studies report these outcomes and
alternative measures like likelihood ratios and diagnostic odds
ratios can be derived from them [25]. It should be kept in
mind that some diagnostic procedures result in a value on a
continuous (e.g. serum level), discrete or ordinal scale. For
the purpose of clinical decision making, often a cut-off level is
chosen resulting in a dichotomous scale, from which sensitiv-
ity (the proportion of true positives in the diseased) and speci-
ficity (the proportion of true negatives in the non-diseased)
are calculated. However, sensitivity and specificity depend on
the chosen cut-off value, which may vary from study to study.
Sensitivity and specificity are often inversely correlated within
studies and should not be pooled separately over studies 
[26], but analysed in pairs. Test performance within studies 
is described by the receiver-operating characteristic (ROC)
curve in which the sensitivity is plotted against 1-specificity.
For combining results on several studies summary ROC
(sROC) curves can be constructed in which the pairs of sensi-
tivity and specificity of each study is plotted in the ROC space
[27]. The sROC approach has become a standard method for
meta-analysis in diagnostic reviews. The major advantage is
that it makes it possible to handle problems with pooling of
data. However, there are also clear limitations [28]. Apart
from assumptions on the comparability of endpoints, thresh-
old values and study quality, possibly the major limitation is
the lack of understanding of the concept and interpretation of
the sROC approach by clinicians. If results from diagnostic
reviews cannot be applied in clinical practice, the effort is
wasted.

Finally, the societal impact of diagnostic strategies is seldom
addressed in diagnostic research [13] and it is therefore hardly
possible to incorporate that aspect of (new) tests in reviews.
Although many people recognize the potential importance of
cost-effectiveness studies of diagnostic strategies, these studies
are extremely complex. Diagnostic procedures are sometimes
performed in isolation, sometimes in parallel with other tests
and sometimes conditional depending on the results of others
tests. In addition, both correct and incorrect diagnoses must
be considered and treatments with their variable costs and
success rate are part of the model.

Conclusion

Diagnostic research lags behind therapeutic research in
many ways. Nevertheless, the diagnostic field may use all
methodological knowledge that has been gathered in the
therapeutic field to their own benefit. By doing that progress
of diagnostic research may be more rapid compared to thera-
peutic research in the past.

Systematic reviews are invaluable tools in diagnostic
research. They help to collect all available data, identify 
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variability between studies, make reliable estimates of diag-
nostic characteristics of tests using a powerful approach and
highlight areas where further research is necessary.
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Background

Headache is the most common neurological condition in the
world, with more than 90% of the population reporting
headaches at some time in their lives [1]. Most headaches
can be accounted for by two types of primary headache, as
defined in the International Headache Society (IHS) classifi-
cation of headache disorders – migraine and tension-type
headache – and by one type of secondary headache, associ-
ated with the overuse of headache medication (medication-
overuse headache) [2] (Table 5.1).

Migraine is more prevalent than diabetes, epilepsy and
asthma combined, affecting more than 14% (7.6% of men
and 18.3% of women) of the UK population – over 6 million
people[3]. Migraine has been ranked by the World Health
Organization (WHO) as 19th among all diseases worldwide
causing disability (12th in women) [4]. WHO has also recog-
nized the impact that headache has on public health [5].
Research shows that in the UK alone, an estimated 5.7 working
days are lost per year for every working or student migraineur
and each working day up to 90,000 people are absent from
work or school as a result of migraine [3]. Prevalence of
migraine varies with age, rising through early adult life and
peaking during the most productive working years.

Despite all these facts, migraine is not seen as a public health
problem; it is widely under diagnosed and under treated, in
children and adults [6,7]. It has been estimated that in the
UK and the USA around two-thirds of patients with
migraine never consult their doctor, are not given a correct
diagnosis and are treated (or treat themselves) with only over-
the-counter medication [6]. Many patients would benefit from
correct diagnosis and medical management (notably those
with medication-overuse headache) or from treatment with
more specific drugs (notably the triptans for migraine suffer-
ers). Under-treatment – as well as causing unnecessary disabil-
ity and suffering – is not economically cost-effective in terms 
of time lost from work and burden placed on the families of
sufferers; more effective health care would alleviate much of
the suffering and therefore reduce both the personal and
financial costs of headache [8]. However, in many countries,
headache is seen as a self-limiting and essentially unimportant
condition, and therefore worthy of scant regard and scant
resources. Recent advances in the treatment of headache, 

particularly of migraine, increase the possibilities of improving
headache care [8].

Case scenario

A 43-year-old government officer has had recurring
headaches since her early teens. She recalls that when they
first started she had two or three attacks per year of severe
headaches lasting part of day. She would feel sick and
noticed that the headaches resolved once she vomited. At
university, they became particularly bad and in her final
year, she was having headaches most days. However, she
managed to control them with painkillers. She sought med-
ical advice and was told that she had chronic sinusitis. When
she left university the pattern initially reverted to infrequent
attacks but after she had children she experienced monthly
attacks, with her periods. However, they would only last 
a day and would respond to painkillers. For the last couple
of years the headaches have become more frequent and
more severe. She now has two to three attacks per month of
severe headache with nausea, each lasting 2–3 days. Her
usual painkillers no longer help and she is losing time from
work. Her doctor has suggested that she is ‘stressed’ and
advised antidepressants. She was angered by this suggestion,
as between attacks she feels completely well. She has asked
to see you for a second opinion. She wants to know why no
one has suggested a brain scan and why she cannot just
have some stronger painkillers.

Framing answerable clinical questions

You are concerned that the increased frequency of headaches
might suggest underlying pathology although, on the basis of
‘common headaches occur commonly’, the most likely diag-
nosis is a primary headache such as migraine. However, she
has been diagnosed in the past with chronic sinusitis and,
most recently, depression. Are these valid diagnoses?

You frame six specific questions to address.
1 In middle-aged people, what is the likelihood that recur-
rent headaches are migraine? [baseline risk]
2 In middle-aged people what is the utility of investigations
and brain scans in the diagnosis of headache? [baseline risk]
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3 For people with migraine, which non-specific acute treat-
ments are effective in increasing the probability of response
or pain-free at 2 h? [therapy]
4 For people with migraine, which specific acute treatments
are effective in increasing the probability of response or pain-
free at 2 h? How great are the adverse events? [therapy]
5 For people with migraine, which treatments for prophy-
laxis are effective at reducing the frequency of migraine by
50%? What are the likely adverse events? [therapy]
6. For people with migraine, what is the likelihood of
attacks persisting life-long? [prognosis]

Critical review of the evidence

1. Diagnosis
In middle-aged people, what is the likelihood that the headaches are
migraine?

Migraine is the commonest form of disabling headache
presenting to doctors. Some studies suggest that the lifetime
prevalence of migraine in women is as great as 25%, com-
pared with only 8% in men [9]. Adults with migraine describe
episodic attacks of moderate to severe headache lasting
between part of a day and 3 days, with associated nausea,
photo- and/or phono-phobia [2]. During attacks, activity is
limited. Less commonly, attacks are preceded by a neurological
aura, typically visual, lasting 5–60 min preceding and resolving
before the onset of headache. Epidemiological studies confirm
the clinical impression that migraine is a predominantly
female disorder. Although migraine is equally common in
both sexes before puberty, there is increased female prevalence
following menarche [10]. This difference between the sexes
becomes greater with increasing age, peaking during the early
40s and declining thereafter [11,12]. This sex difference during
the reproductive years is generally considered to result from
the additional trigger of the fluctuating hormones of the men-
strual cycle, particularly during the perimenopause [13].
Attacks of migraine occur between once a week and once a
year, with a median of one per month, and with complete
freedom from symptoms between attacks [3].

Of the differential diagnosis of common headache, tension-
type headache, although more prevalent, is less disabling and
lacks the specific features or associated symptoms of migraine.
It can occur daily. Medication-overuse headache is increasingly
identified as a cause of daily or near-daily headache, estimated
to affect 1 in 50 adults with a 5:1 female to male ratio [14]. It
typically arises when symptomatic treatment for headache is
taken more often than 2–3 days a week [2]. Medication over-
use must always be managed because it can mask the diagno-
sis, causes illness and markedly reduces the effectiveness of all
forms of headache treatment.

Sinusitis is a common mistaken diagnosis of primary
headache. No headache, whether episodic or chronic, should
be attributed to sinus disease in the absence of other symptoms
suggestive of it. Depression is often comorbid with migraine
and, if present, should be treated. However, there is little evi-
dence to suggest that treating depression affects the outcome
of migraine. Several prophylactic drugs used for migraine are
antidepressant but they are effective on migraine at doses
lower than the effective antidepressive doses.

2. CT scan
In middle-aged people what is the utility of investigations and brain
scans in the diagnosis of headache?

In clinical practice, a primary concern is differentiation 
of primary headaches from secondary sinister headaches. 
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Table 5.1 The International Classification of Headache Disorders, 2nd
Edition (adapted from IHS [2] with permission).

Primary headaches
1. Migraine, including:

1.1 Migraine without aura
1.2 Migraine with aura

2. Tension-type headache, including:
2.1 Infrequent episodic tension-type headache
2.2 Frequent episodic tension-type headache
2.3 Chronic tension-type headache

3. Cluster headache and other trigeminal autonomic
cephalalgias, including:
3.1 Cluster headache

4. Other primary headaches

Secondary headaches
5. Headache attributed to head and/or neck trauma, including:

5.2 Chronic post-traumatic headache
6 Headache attributed to cranial or cervical vascular disorder, including:

6.2.2 Headache attributed to subarachnoid haemorrhage
6.4.1 Headache attributed to giant cell arteritis

7. Headache attributed to non-vascular intracranial disorder, including:
7.1.1 Headache attributed to idiopathic intracranial hypertension
7.4 Headache attributed to intracranial neoplasm

8. Headache attributed to a substance or its withdrawal, including:
8.1.3 Carbon monoxide-induced headache
8.1.4 Alcohol-induced headache
8.2 Medication-overuse headache
8.2.1 Ergotamine-overuse headache
8.2.2 Triptan-overuse headache
8.2.3 Analgesic-overuse headache

9. Headache attributed to infection, including:
9.1 Headache attributed to intracranial infection

10. Headache attributed to disorder of homoeostasis
11. Headache or facial pain attributed to disorder of cranium, neck,

eyes, ears, nose, sinuses, teeth, mouth or other facial or cranial
structures, including:
11.2.1 Cervicogenic headache
11.3.1 Headache attributed to acute glaucoma

12. Headache attributed to psychiatric disorder

Neuralgias and other headaches
13. Cranial neuralgias, central and primary facial pain and other

headaches, including:
13.1 Trigeminal neuralgia

14. Other headache, cranial neuralgia, central or primary facial pain
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History is a crucial step in diagnosis of primary headaches,
together with a normal neurological examination. A separate
history is required for each type of headache reported, par-
ticularly noting the course and duration of each. Many spe-
cialists advocate the use of a symptom diary, which patients
can use at home to establish a temporal pattern for their
headache. A review of four studies of screening questions
for migraine in patients with headache identified five pre-
dictors: pulsating, duration 4–72 h, unilateral, nausea and
disabling [15]. If three predictors are present, the likelihood
ratio for migraine is 3.5 (95% CI, 1.3–9.2), increasing to 24
(95% CI, 1.5–388) if four predictors are present.

Investigations, including neuroimaging, do not contribute
to the diagnosis [16]. Imaging is necessary only if secondary
headache is suspected because of undefined headache, atyp-
ical symptoms, persistent neurological or psychopatho-
logical abnormalities, or abnormal findings on neurologic
examination [15].

3. Non-specific acute treatments
For people with migraine, which non-specific acute treatments are
effective in increasing the probability of response or pain-free at 2 h?

Analgesics and non-steroidal anti-inflammatory
drugs
Analgesics are the first-line acute treatment for migraine.
Many analgesics have been shown in multiple trials to be more
effective than placebo, including aspirin (500–1000 mg),

diclofenac (50–100 mg), flubiprofen (100–300 mg), ibu-
profen (400–2400 mg), naproxen (750–1250 mg), parac-
etamol (1000 mg), piroxicam (40 mg) and tolfenamic acid
(200–400 mg) [17–21]. Several trials have examined the
efficacy of a proprietary combination of paracetamol, aspirin
and caffeine; each trial found that the combination anal-
gesic was significantly more effective than placebo [20–21]
(Table 5.2).

Antiemetics
Nausea and vomiting are usual symptoms of migraine. For
some individuals these symptoms can be far more distressing
and difficult to control than the headache itself. Several
antiemetics are commonly used although clinical trial data 
are limited. The recognition that gastric stasis accompanies
migraine led to trials with gastroprokinetic agents metoclo-
pramide (10 mg po, im or iv), and domperidone (20–30 mg po
or pr) which may have the additional advantage of enhancing
the bioavailability of concomitant drugs given orally to treat
migraine [22]. Chlorpromazine (25–50 mg im), metoclo-
pramide (10 mg iv or im) and prochlorperazine (10 mg iv or
im) have also been used as single-agent therapies in migraine
with success [21].

4. Specific acute treatments
For people with migraine, which specific acute treatments are effec-
tive in increasing the probability of response or pain-free at 2 h?
How great are the adverse events?
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Table 5.2 Non-specific acute treatments for migraine.

Types of study Intervention Outcome Number of Control Absolute NNT 
(reference) patients (number group risk risk reduction (95% CI)

of trials)

SR [20] Tolfenamic acid 200 mg 2 h response 84 (1) 29% 48% 2.1 (1.5–3.5)
versus placebo

SR [20] Aspirin 900 mg plus 2 h response 749 (N/A) 25% 32% 3.2 (2.6– 4.0)
metoclopramide 10 mg 2 h pain-free 753 (3) 7% 11% 8.6 (6.2–14)
versus placebo

SR [20] Paracetamol 500 mg plus 2 h response 1220 (3) No data No data 3.9 (3.2–4.9)
aspirin 500 mg plus caffeine
130 mg versus placebo

SR [20] Paracetamol 1000 mg 2 h response 289 (1) 39% 19% 5.2 (3.3–13)
versus placebo

RCT [19] Aspirin 1000 mg 2 h response 401 (1) 34% 18% 5.6
versus placebo 2 h pain-free 6% 14% 7.1

RCT [17] Ibuprofen 200 mg versus 2 h response 729 (1) 50% 14–22% 4.5–7.1
400 mg versus 600 mg 2 h pain-free 13% 12–16% 6.3–8.3
versus placebo

RCT [18] Diclofenac 50 mg (tablet 2 h response 328 (1) 24% 17.5–22% 4.5–5.7
or sachet) versus placebo 2 h pain-free 12% 7–13% 7 sachet (5.5–13.4)

15.8 tablet (8.6–96.2)

SR: systematic review; RCT: randomised controlled trial; NNT: number needed to treat; CI: confidence interval.

9780727918116_4_005  2/7/07  2:46 PM  Page 31



Triptans
Sumatriptan, the first triptan to become available, was ini-
tially available in its subcutaneous form. At least 11 placebo-
controlled trials have been consistent in showing that 6 mg
of subcutaneous sumatriptan is better than placebo in pro-
viding headache relief at 1 h [23]. Sixteen trials have com-
pared oral sumatriptan with placebo and findings are
consistent in showing that oral sumatriptan is an effective
drug for the treatment of a single acute attack of migraine. 
It is well tolerated, though minor adverse events are not
uncommon [24]. Overall, the proportion of patients reporting
relief with oral sumatriptan is lower than that with subcuta-
neous sumatriptan [25].

Six triptans have become available since sumatriptan
appeared on the market: almotriptan, eletriptan, frovatriptan,
naratriptan rizatriptan and zolmitriptan. Eletriptan and riza-
triptan have been subject to Cochrane Reviews confirming
efficacy [26,27]. A systematic review and meta-analysis that
took data from 53 trials involving over 24,000 patients 
compared the oral triptans, using oral sumatriptan (at a dose

of 100 mg) as the comparator [25]. All the triptans were
found to be more effective than placebo at relieving the
headache and other symptoms of migraine. The typical
end-point was the headache response at 2 h (a positive
response being defined as reduction of pain from moderate
or severe at baseline to absent or mild by 2 h) (Figures 5.1
and 5.2).

More stringent parameters are pain-free at 2 h (reduction
of pain from moderate or severe at baseline to absent by
2 h), sustained pain-free at 24 h (reduction of pain from
moderate or severe at baseline to absent by 2 h, headache
does not return and no other headache medication taken)
and adverse event data are shown in Table 5.3.

A number of conclusions can be drawn about the effica-
cies of the various oral triptans:
• Fastest onset to effect is with subcutaneous sumatriptan.
• Eletriptan and rizatriptan are the most rapidly acting oral
triptans, with effect seen from 30 min.
• Oral almotriptan, sumatriptan and zolmitriptan act within
45–60 min.
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(a) (b)Response at 2 h
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Figure 5.1 Data (mean and 95% CI) for headache response at 2 h (a) and pain free at 2 h (b) are shown for each triptan. Absolute and placebo
subtracted outcomes are presented with the hatched region being the 95% CI envelope for sumatriptan 100 mg (adapted from Ferrari et al. [25] with
permission).
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• Frovatriptan and naratriptan are the slowest, taking up to
4 h before effect is seen.
• Intranasal zolmitriptan is faster acting than oral zolmitriptan.
• Pain-free rates at 2 h and sustained pain-free rates over
24 h are higher for almotriptan, eletriptan and rizatriptan
than for sumatriptan.
• The highest likelihood of consistent success is with
almotriptan, eletriptan and rizatriptan.
• The lowest rate of adverse events is with almotriptan,
eletriptan and naratriptan.

Guidelines published suggest the following approach to
symptomatic treatment of migraine, based on the available
evidence and expert consensus [21,28]:
• Initial treatment with and NSAID � a prokinetic anti-
emetic is a reasonable choice for mild to moderate migraine.
• Initial treatment with any triptan is a reasonable choice
when the headache is moderate to severe or when the
migraine, whatever its severity, has failed to respond to non-
specific medication in the past.

• Intranasal zolmitriptan or subcutaneous sumatriptan may
be useful in patients with nausea and vomiting or when a
rapid response is important.

A rational hierarchy of the use of triptans has been pro-
posed (Table 5.4).

Triptans are more effective when taken while the headache
is mild. They are ineffective if taken before the onset of
headache, during premonitory symptoms or aura [29].

Relapse of headache, typically the day following initial
treatment, is a significant problem in clinical practice, the
rate being between 15–40%. The highest relapse rate is
associated with subcutaneous sumatriptan and the lowest
with naratriptan and frovatriptan. If migraine relapses after
successful treatment, a second dose of triptan can be given.
There is also some evidence that the combination of a trip-
tan and an NSAID reduces the likelihood of relapse [30].

Contraindications to triptans include untreated arterial
disease, Raynaud’s disease, pregnancy, lactation and severe
renal or liver failure.
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Ergot derivatives
The evidence for the efficacy of ergot derivatives in the
symptomatic treatment of migraine is inconsistent, and their
use is largely based on long-standing and wide clinical expe-
rience. A review of 18 trials found that oral ergotamine was
more effective than placebo for some parameters in seven
trials, but no better than placebo in three trials [31].

There are few studies on non-oral routes of ergotamine
(rectal, sublingual, nasal, inhaled). Since oral bioavailability

is poor, these other routes should, theoretically, be advanta-
geous. An evidence-based expert consensus statement 
has produced recommendations for the use of ergotamine
(Table 5.5).

Dihydroergotamine can be administered intramuscularly,
intravenously, subcutaneously and intranasally but few tri-
als have assessed its efficacy.

Ergot derivatives have been used less commonly since the
triptans became available, but they still have a place in the
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Table 5.4 Proposed rational hierarchy for the use of triptans (adapted from Steiner et al. [28] with permission).

Use Dose regimen

Appropriate for first use of a triptan Almotriptan 12.5 mg, eletriptan 40 mg, sumatriptan 50 mg or zolmitriptan 2.5 mg orally
When greater efficacy is needed Eletriptan 80 mg or rizatriptan 10 mg, sumatriptan 100 mg or zolmitriptan 5 mg orally or

sumatriptan 20 mg nasal spray
When a rapid response is important above all Sumatriptan 6 mg subcutaneously or zolmitriptan 5 mg intranasal
When nausea or vomiting precludes oral therapy Sumatriptan 6 mg subcutaneously or zolmitriptan 5 mg intranasal
When side effects are troublesome with other triptans Naratriptan 2.5 mg or almotriptan 12.5 mg orally or frovatriptan 2.5 mg
When headache relapse is a problem Ergotamine tartrate 1–2 mg may be helpful

Table 5.3 Meta-analysis of triptans: NNTs of 2-h pain-free and 24-h sustained pain-free and NNH (adapted from Ferrari et al. [25] with permission).

Intervention Number of participants Outcome Absolute risk reduction/ NNT or NNH Ratio of 
(number of trials) increase (95% CI) (95% CI) NNH/NNT

Sumatriptan 100 mg 2071 (9) 2 h pain-free 19.5 (17.3; 21.8) 5.1 (4.6–5.8) 1.5
versus placebo 24 h sustained pain-free 20.0 (18.2; 21.3) 5.0 (4.7–5.5) 1.5

Adverse events 13.2 (8.6; 17.8) 7.6 (5.6–11.6)

Sumatriptan 50 mg 583 (3) 2 h pain-free 18.0 (11.7; 24.3) 5.6 (4.1–8.5) 2.3
versus placebo 24 h sustained pain-free 19.8 (17.8; 21.8) 5.1 (4.6–5.6) 2.5

Adverse events 7.8 (2.6; 13.1) 12.8 (7.6–38)

Zolmitriptan 2.5 mg 1320 (3) 2 h pain-free 20.4 (15.6; 25.1) 4.9 (4.0–6.4) 1.3
versus placebo 24 h sustained pain-free 19.0 (16.1; 21.8) 5.3 (4.6–6.2) 1.2

Adverse events 15.9 (9.6; 22.1) 6.3 (4.5–10.4)

Zolmitriptan 5 mg 1596 (5) 2 h pain-free 25.2 (16.9; 33.5) 4.0 (3.0–5.9) 1
versus placebo 24 h sustained pain-free 21.9 (19.3; 24.6) 4.6 (4.1–5.2) 0.9

Adverse events 24.5 (15.5; 33.5) 4.1 (3.0–6.5)

Rizatriptan 10 mg 4437 (11) 2 h pain-free 30.4 (27.5; 33.2) 3.3 (3.0–3.6) 2.2
versus placebo 24 h sustained pain-free 25.3 (23.7; 26.9) 3.9 (3.7–4.2) 1.9

Adverse events 13.5 (10.6; 16.3) 7.4 (6.1–9.4)

Eletriptan 40 mg 2894 (7) 2 h pain-free 27.2 (25.2; 29.2) 3.7 (3.4–4.0) 3.7
versus placebo 24 h sustained pain-free 20.9 (19.1; 22.7) 4.8 (4.4–5.2) 2.9

Adverse events 7.3 (2.7; 11.8) 13.7 (8.5–37)

Almotriptan 12.5 mg 1074 (3) 2 h pain-free 21.0 (13.3; 28.7) 4.8 (3.5–7.5) 11.7
versus placebo 24 h sustained pain-free 25.9 (22.7; 29.1) 3.9 (3.4–4.4) 14.3

Adverse events 1.8 (�2.7; 6.2) 56 (16.1–no harm)

Naratriptan 5 mg 2023 (5) 2 h pain-free 14.1 (10.7; 17.5) 7.0 (5.7–9.3) 6.0
versus placebo 24 h sustained pain-free 15.9 (13.4; 18.5) 6.3 (5.4–7.5) 6.7

Adverse events 2.4 (�2.2; 7.0) 42 (14.2–no harm)

Frovatriptan 2.5 mg 2892 (5) 2 h pain-free Approximately 10
versus placebo

NNT: number needed to treat; NNH: number needed to harm; CI: confidence interval.
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management of migraine, not least because there are some
patients who do better with ergots than with triptans.

Contraindications to ergot derivatives include untreated
arterial disease, Raynaud’s disease, pregnancy, lactation and
severe renal or liver failure. Toxicity and misuse potential
are greater risks with ergotamine than with triptans so the
frequency of intake should be restricted to a maximum of
10 days per month.

5. Prophylaxis
For people with migraine, which treatments for prophylaxis are
effective at reducing the frequency of migraine by 50%? What are
the likely adverse events?

Prophylactic drugs aim to reduce the frequency of migraine
attacks, their duration or their severity. Agents used include
beta-blockers, antidepressants, calcium-channel blockers,
serotonin antagonists, anticonvulsants and NSAIDs. Overall,
about one-third of patients who are treated with prophylactic
agents can be expected to have a 50% reduction in the fre-
quency of their headaches (Table 5.6).

A second or third prophylactic agent taken concomitantly
may be needed in some cases.

Guidelines published by the American Academy of Neurol-
ogy suggest the following indications for prophylactic treat-
ment of migraine, based on the available evidence and expert
consensus [32]:
• Recurrent migraine that, in the patient’s opinion, signifi-
cantly interferes with his or her daily routine in spite of
acute treatment.
• Frequent headaches.
• Acute therapies cannot be used because of contraindica-
tions, failure, overuse or adverse effects.

• Cost considerations.
• Patient preference.
• The presence of uncommon migraine conditions that may
predispose to permanent neurological sequelae, such as hemi-
plegic migraine, basilar migraine, migraine with prolonged
aura or migrainous infarction.

The guidelines go on to give further consensus-based rec-
ommendations for selecting the most appropriate prophy-
lactic medication:
• Start with medications that have the highest level of
evidence-based efficacy.
• Start with the lowest dose that has been shown to be
effective, and increase it slowly until clinical benefits are
achieved for the patient in the absence of, or until limited
by, adverse effects.
• Give each medication an adequate trial, which may mean
2–3 months in some cases.
• Consider reducing the dose or even discontinuing the med-
ication if, after 3–6 months headaches are well controlled.
• Long-acting formulations may improve compliance.
• Establish that any agent chosen is not contraindicated in
any coexisting illness.
• Choose an agent that may be beneficial in any coexisting
illness, remembering that some conditions are more common
in people with migraine (e.g. anxiety disorders, affective 
disorders, stroke, myocardial infarction, epilepsy, Raynaud’s
phenomenon).

Beta-blockers
There is extensive clinical experience of using beta-blockers in
the prophylaxis of migraine, and multiple clinical trials have
been shown to be 60–80% effective in producing a reduction
of more than 50% in the frequency of attacks. Propranolol
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Table 5.5 Recommendations for the use of ergotamine (adapted from Tfelt-Hansen et al. [31] with permission).

Parameter Recommendations Comments

Which patients? Patients requiring migraine-specific therapy When a migraine-specific therapy is indicated, a triptan is a better choice than
ergotamine for most patients.

Patients established on ergotamine Patients who are responding satisfactorily, have no contraindications and no
signs of dose escalation, should not usually be switched to a triptan.

Special cases Patients with very long attacks Attacks lasting �48 h may be usefully treated with ergotamine
Patients with frequent headache relapse Headache relapse is probably less likely with ergotamine 

Frequency of dosing Once a week or six times a month Ergotamine-induced headache and rebound headache are associated with
frequent use. This can be limited by restricting ergotamine consumption and
encouraging use of a preventative medication as headache becomes more
frequent.
May be modified to four consecutive doses for menstrual migraine

Dose per attack Single dose (0.5–2 mg) Should be given as a single dose as early as practicable in the attack at a dose
that produces a response with as few side effects as possible. It is useful to test
this dose for tolerability for nausea between attacks.

Preferred route Rectal Generally better used rectally, provided it is acceptable to the patient, because
of improved absorption.
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has been the most extensively studied, and there is consistent
evidence for its effectiveness at daily doses of 120–240 mg
[33]. Studies reporting on lower doses (80–160 mg) have
reported mixed results [32]. Multiple trials of metoprolol
versus placebo have also reported mixed results, although
direct comparisons between metoprolol and propranolol
have shown few significant differences, suggesting that
metoprolol is an effective migraine prophylactic agent [33].
Similarly, timolol, atenolol and nadolol are also effective on
the basis of direct comparisons with propranolol or placebo
[33]. Beta-blockers with intrinsic sympathomimetic activity
(acebutolol, alprenolol, oxprenolol and pindolol) seem not
to be effective.

Antidepressants
The antidepressant most commonly used in the prophylaxis
of migraine is amitriptyline, which also has the strongest evi-
dence base for its use [32]. Amitriptyline may be particularly
effective for patients with mixed migraine and tension-type
headache. Selective serotonin reuptake inhibitors (SSRIs)
have also been tried in migraine prophylaxis. Although there
is some evidence to support the efficacy of fluoxetine
(10–40 mg) a Cochrane Review suggests that other SSRIs are
no better than placebo for preventing migraine [34].

Antiepileptic drugs/neuromodulators
Divalproex sodium and valproate and have been shown in
at least five studies to be effective in the prophylaxis of migraine
[35]. Daily doses of 500, 1000 and 1500 mg can all be effective;
titration is required. The multiple daily dosing that is needed
may be able to be avoided by using extended-release prepara-
tions. Topiramate, the most recently licenced migraine prophy-
lactic, has proven effective at doses of 100 mg per day in three
randomized placebo-controlled dose-ranging studies [36].

Evidence for the use of other antiepileptics such as
gabapentin and lamotrigine is weak.

Calcium-channel blockers
The evidence is best for the use of flunarizine, which has
been the subject of more than 25 trials. Eight trials com-
paring it with placebo have been conducted, and a meta-
analysis of seven of these shows that flunarizine is more
effective than placebo. Comparisons of flunarizine with
either propranolol or metoprolol have shown no significant
differences between the agents [32,37]. Trials for the use of
other calcium-channel blockers have either given mixed
results or are difficult to interpret [32]. For example, vera-
pamil was found to be more effective than placebo in two tri-
als, but both of these trials were small and had high drop-out
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Table 5.6 Prophylactic drugs with data on �50% reduction in migraine attacks.

Intervention Outcome Number of Control Relative risk Absolute risk Comment
participants group (95% CI) increase 
(number risk (95% CI)
of trials) (range)

Propranolol (SR) �50% reduction 688 (9) 30% 1.9 28% Parallel group and pooled 
Ref [33] of migraine or (11–50) (1.6–2.3) (21; 35) crossover data (PROP CR) Main 

headache index AEs: fatigue (�10%).
Adverse effects 619 (6) 24% 1.4 10% 

(4–65) (1.2–1.8) (3; 16)

Topiramate (SR) �50% reduction 822 (5) 22% 2.1 24% 21% on topiramate withdrew 
Ref [20] of migraine (1.7–2.6) because of AE. Main AEs: 

paraesthesiae (50%), fatigue 
(15%), nausea (13%).

Sodium valproate �50% reduction 349 (3) 18% 2.6 28% 15% on sodium valproate 
(SR) Ref [20] of migraine (14–20) (1.7–4.0) (24; 34) withdrew because of AEs

Adverse effects 369 (3) 35% 1.5 17% Main AEs: weight gain (�10%), 
somonolence (�10%), alopecia 
(�10%).

Gabapentin �50% reduction 87 (1) 16% 2.9 30% Just one small trial. Main AEs: 
(SR) Ref [35] of migraine (1.23–6.74) (12; 49) Dizziness (28%), somnolence (21%).

Flunarizine �50% reduction 783 (1) No 46–53% Propranolol 160 mg used as an 
5 mg versus 10 mg of migraine placebo active comparator with 48% 
(RCT) Ref [37] compared to run-in control responders.

Main AEs: somnolence (20%), 
weight gain (11%).

SR: systematic review; RCT: randomised controlled trial; CI: confidence interval.
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rates; results of a third trial shown no significant differences
for verapamil versus placebo but also for verapamil versus
propranolol. Two trials comparing nifedipine with placebo
found differences that were statistically insignificant, but
clinically important effects could not be excluded. Difficult-
to-interpret results were also reported in two trials compar-
ing nifedipine with propranolol and in another trail
comparing nifedipine with flunarizine. One placebo-controlled
trial reported efficacy for nicardipine.

Methysergide and pizotifen
Methysergide and pizotifen are serotonin antagonists.
Methysergide, a semisynthetic ergot alkaloid, was one of the
first agents to be used and studied for migraine prophylaxis,
and multiple trials have suggested that it is effective at
reducing headache frequency [32]. However, its use is
limited by adverse effects, including retroperitoneal, endo-
cardial and retropleural fibrosis. These side effects occur in
about one in 2500 patients and are usually associated with
long-term, uninterrupted use. Risk can be reduced with a 
1-month drug ‘holiday’ for every 6 months of treatment.
Analysis of placebo-controlled trials of pizotifen suggests
that it has a statistically significant clinical effect, and in
comparison trials, no significant differences were demon-
strated between pizotifen and methysergide, metoprolol,
naproxen or flunarizine. However, the design of these trials
has been questioned. Sedation and weight gain limit its use
in clinical practice [32].

Herbs and vitamins
Often seen as ‘non-drug’ options, herbs and vitamins are
popular therapeutic options for many people with migraine
and are increasingly scrutinized in randomized placebo-
controlled trials.

A Cochrane Review of five trials assessed the efficacy of oral
feverfew (Tanacetum parthenium) compared with placebo. The
results did not convincingly establish that feverfew is more
effective than placebo for preventing migraine [38]. No major
side effects were associated with feverfew.

Riboflavin (vitamin B2), in doses of 400 mg daily (more
than 20 times the recommended daily intake) has been
assessed against placebo in 55 patients with migraine in a
randomized trial of 3 months duration. Using an intention-
to-treat analysis, riboflavin was significantly superior to
placebo in reducing attack frequency [39]. The proportion of
patients who reported at least 50% fewer headache days
was at 15% for placebo and 59% for riboflavin, a significant
difference. There were no serious side effects.

Like riboflavin, Coenzyme Q10 (CoQ10) also improves
energy metabolism and 3 � 100 mg/day has been compared
with placebo in 42 migraine patients in a double-blind, ran-
domized, trial [40]. The 50%-responder-rate for attack 

frequency was 14.4% for placebo and 47.6% for CoQ10, a
significant difference. CoQ10 was well tolerated.

Magnesium has not been shown to be effective in two
trials of migraine prevention [41,42].

A randomized double-blind placebo-controlled trial of a
compound providing a daily dose of riboflavin 400 mg, mag-
nesium 300 mg and feverfew 100 mg was compared against
25 mg riboflavin (‘placebo’) [43]. Of 49 patients who com-
pleted the 3-month trial there was no difference between
active and ‘placebo’ groups reporting a 50% or greater
reduction in migraines (42% and 44%, respectively) neither
was there a difference in 50% or greater reduction in
migraine days (33% and 40%). Compared to baseline, how-
ever, both groups showed a significant reduction in number
of migraines, migraine days and migraine index.

Two randomized placebo-controlled trials of butterbur
(Petasites hybridus) for migraine prophylaxis have suggested
efficacy [44,45].

However, further large and rigorously conducted trials of
herbs and vitamin treatments are needed before they can be
recommended as an alternative to standard therapies.

Physical treatments
A number of physical treatments for migraine have been
studied, including transcutaneous electrical nerve stimula-
tion (TENS), occlusal adjustment, cervical manipulation and
acupuncture. With the exception of acupuncture, there are
few studies reported on these treatments. Of 17 trials com-
paring true and sham (placebo) acupuncture in migraine
and tension-type headache patients, eight reported true
acupuncture to be significantly superior; four reported a
trend in favour of true acupuncture and in three trials there
was no difference between the two interventions. Two trials
were uninterpretable [46,47].

Behavioural therapy
Behavioural therapies that have been studied include relax-
ation training, biofeedback and cognitive behavioural therapy.
A review of 70 prospective controlled trials of behavioural
treatments for migraine showed that, compared with controls,
all of these therapies are somewhat effective in preventing
migraine [48].

6. Prognosis
For people with migraine, what is the likelihood of attacks persist-
ing life-long?

In general, the prognosis of migraine is favourable. Studies
consistently show that migraine peaks during the 40 s but
usually remits in later life [49]. The reason for this decline in
prevalence is unknown although it has been postulated that it
could relate to a reduced vascular response with advancing
years.
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Conclusion

The prevalence of migraine in a middle-aged woman is
around 25% and hence is the most likely diagnosis for
recurrent episodic ‘sick’ headaches in an otherwise well per-
son. Having established the diagnosis on history, in the
absence of abnormal findings on physical examination, you
are reassured by the evidence that there is no need to
undertake any investigations to confirm this diagnosis.

Since the severity of your patient’s attacks varies, there is
good quality evidence to recommend a NSAID together with
a prokinetic antiemetic. You also prescribe a triptan for attacks
that do not respond to this and recommend that if a triptan is
always required, it can be taken together with the NSAID to
increase efficacy and reduce the likelihood of relapse. Given
the frequency of the attacks you discuss prophylactic options
and settle on a beta-blocker as being the most suitable first-
line agent, as she does not wish to take an antidepressant. You
assure her that the present increased frequency of attacks is in
keeping with the expected pattern of migraine for her age and
sex. Further, the natural history of migraine is such that
migraine is likely to improve post-menopause.

Future research needs

The reliance on the history for diagnosing migraine is often
a cause for uncertainty and there would be considerable
benefit if a specific and sensitive test were available.

Although the majority of people with migraine recognize
that a cure is unlikely, they would benefit from more effect-
ive symptomatic and prophylactic medication. It is likely
that this will result from research into the pathophysiology
of migraine. Despite considerable recent advances, much
remains obscure. In particular, relapse of symptoms follow-
ing effective treatment with triptans is a considerable clinical
problem and can extend the total duration of attack.

Similarly, prophylaxis has limited efficacy and is often
associated with unwanted side effects on days when the
individual would otherwise by symptom-free.

Few studies have adequately compared behavioural and
pharmacological treatments for migraine, or even the com-
bination of such treatments.

Finally, there is the issue of more effective management of
migraine and comorbid conditions such as depression.
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Background

Low back pain (LBP) is a very common problem with a life-
time prevalence of 60% or more. The rate at which neurolo-
gists are consulted by people with back pain varies across
countries. In the US, people with back pain may represent
around 10% of all patients seen by a neurologist but it is likely
to be considerably less than this in countries with lower 
concentrations of neurologists per head of population.

Perhaps 90% of the LBP in the population can be described
as ‘non-specific’ implying no underlying serious pathology.
Attempts to improve diagnostic specificity in this large group
have not been successful despite a multitude of diagnostic
labels, often reflecting treatment strategies of the providers
involved. Neurologists are most likely to see people with back
pain and neurological symptoms and/or signs. ‘Sciatica’, now
more commonly referred to in the back pain literature simply
as ‘leg pain’, may complicate up to 5% of new cases of back
pain which represents a considerable number of potential new
consultations each year.

There is considerable variation in the published studies of
the natural history of episodes of acute back pain. This vari-
ation reflects the population studied, length of follow-up and
outcome instruments used. There is reasonable agreement
among the studies that for people with a new episode of acute
LBP, particularly if there are no preceding episodes, outcome is
very favourable, with ‘full recovery’ rates of �80% by 
4 weeks and about 5% who are still symptomatic by 3
months or so. However, a significant proportion of the pop-
ulation with a new episode of back pain will report recur-
rent symptoms over the subsequent 12 months. Persistent
back pain appears to be more common as people age and
with more episodes of acute back pain. The very favourable
natural history for acute episodes of back pain probably
explains why so many treatments for back pain appear
effective both to patients and practitioners. In this setting,
randomized controlled trials (RCTs) are necessary to sepa-
rate true treatment effects. However, one of the problems
with these trials is the need to include a fairly homogeneous
population in the study, often excluding people with a sig-
nificant history of previous back pain or prior treatment
with one of the modalities being tested. This can limit the
generalizability of these trials to ordinary clinical practice.

Very few investigations in the context of acute LBP have
adequate sensitivity and specificity to make them useful. 
CT scans and MRI scans are over-sensitive in terms of abnor-
malities that may be interpreted as ‘causing’ the episode of
back pain. Around one third of adults with no current or
previous back symptoms will have evidence of bulging or
herniated discs on MRI scan [1].

Framing clinical questions

1 For adults within 6 weeks of onset of acute back or neck
pain, with or without radiation, what interventions improve
recovery and reduce long-term chronicity? Specifically, what
is the place of bed rest, non-steroidal anti-inflammatory
drugs (NSAIDs), steroids and ‘physical therapies’ including
manipulation?
2 For people with chronic back pain, do exercise-based
interventions improve functional outcomes?
3 For people with back or neck pain, does surgery improve
outcomes for any particular group and/or at any particular
time?

Critical review of the evidence for each
question

1. Bed rest for acute back pain episode
1 For adults with an acute episode of low back or neck pain with-
out radicular features, does prescription of bed rest lead to better
outcomes compared to advice to continue normal activities?
2 For adults with an acute episode of LBP with sciatica, does pre-
scription of bed rest lead to better outcomes compared to advice to
continue normal activities?

1 Bed rest has been a traditional treatment for back pain, 
and particularly back pain with leg pain (or ‘sciatica’). A sys-
tematic review of RCTs of bed rest versus other treatments 
is available with the date of the most recent substantive
amendment being May 2004 [2]. Eleven trials (1963 patients)
were included in this updated Cochrane Review (Table 6.1).
The authors report that there is high quality evidence from
two trials that people with acute LBP who are advised to rest in
bed have more pain (standardized mean difference (SMD) 0.22
(95% confidence interval (CI) 0.02, 0.41)) and less functional
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recovery (SMD 0.29 (95% CI 0.05, 0.45)) at both 3–4 weeks
and 12 weeks of follow-up than those advised to stay active
but that these differences are small.
2 For patients with sciatica, which in this review was defined
by the presence of neurological deficit, there is moderate
quality evidence from two trials of no difference in pain
(SMD �0.03 (95% CI �0.24, 0.18)) or functional status
(SMD 0.19 (95% CI �0.02, 0.41)) between bed rest and stay-
ing active. There is moderate quality evidence from two stud-
ies of little or no difference in pain intensity or functional
status between 2 to 3 days and 7 days of bed rest. There is at
least theoretical risk in prescribing bed rest, with evidence of
rapid deconditioning of muscles with complete bed rest.

2. NSAIDs for acute back pain episode
1 For adults with an acute episode of LBP with or without radicu-
lar features, does prescription of NSAIDs lead to better outcomes
compared to placebo and/or other medications?
2 For adults with an acute episode of neck pain with or without
radicular features, does prescription of NSAIDs lead to better out-
comes compared to placebo and/or other medications?

1 NSAIDs are commonly prescribed for acute LBP. Studies
in general practice suggest that around 50% of patients are
given a prescription for analgesics with most of these getting
NSAIDs. A systematic review of the use of NSAIDs for LBP 
is available including 51 trials with 6057 patients. The most
recent substantive update was in February 2000 [3]. The 
systematic review examined the effectiveness of NSAIDs ver-
sus placebo, versus paracetamol and versus other analgesics.
Outcomes were generally pain (most often using visual ana-
logue scores) and ‘global improvement’, all short term 
(generally 1 week). There was evidence from 11 RCTs
including 1622 patients, comparing NSAIDs with placebo.
Pooled results showed no difference for pain but signifi-
cantly improved global improvement: relative risk (RR) 1.24
(95% CI 1.10, 1.41) and a significant reduction in other
analgesic use: RR 1.29 (95% CI 1.05, 1.57) in the first week
(Table 6.2). These trials included patients with acute LBP,
with or without sciatica. When compared to paracetamol
the results were conflicting. It was not possible to pool the
results of the five trials. In trials comparing NSAIDs with
other analgesics (not paracetamol), there was reasonable

Table 6.1 Bed rest compared to other treatments for people with back pain. Result of systematic review [2].

Patient Intervention Outcome Number of Control SMD or Control Relative Absolute Comment
(follow- patients group mean WMD group risk risk 
up time) (number change from  (95% CI) risk (95% CI) reduction 

of trials) baseline (range)
(range)

Acute LBP Bed rest Pain 400 (2) 12.9* 0.22 Bed rest worse
versus advice intensity (1.9–23.9) (0.02–0.41) One study
to stay active (3–4 weeks) excluded by

risk of bias
Functional 400 (2) 8.1* 0.29 Bed rest worst
status (10.0–6.3) (0.09–0.49)
(3–4 weeks)

Acute LBP Bed rest Pain intensity 346 (2) 38.6 0.03 Bed rest better
with versus advice (3–4 weeks) (37.3–40.0) (ns)
sciatica to stay active

Functional 346 (2) 30.6 0.19 Bed rest worse
status (20.1–41.2) (ns)
(3–4 weeks)

Acute LBP Bed rest Complete 189 (1) 62% 1.03 2% 2–3 days better
with or 2–3 days recovery (0.63–1.28) (ns)
without versus bed (3 weeks)
sciatica rest 7 days Pain 47 (1) 1.10 0.2 2–3 days better

intensity (ns)

LBP: low back pain; SR: systematic review; SMD: standardised mean difference; WMD: weighted mean difference; CI: confidence interval; RCT: 
randomized controlled trial; ns: not statistically significant. *Different scales.
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evidence of no advantage for NSAIDs and in ‘head-to-head’
trials of different NSAIDs there was no consistent best 
performer.
2 There has also been a systematic review of trials of NSAID
treatment in patients with chronic mechanical neck pain [4],
defined by exclusion of a range of disorders including
rheumatoid arthritis, presence of myelopathy, ankylosing
spondylitis, spasmodic torticollis, fractures and dislocations
but including ‘whiplash’. NSAIDs were compared to various
other treatments including acupuncture, manipulation and
sham physical therapy. Four trials, including 198 patients
were included with short-term pain as the endpoint. Overall,
there was no evidence that NSAIDs were superior to the
treatments to which they were compared, some of which
were effectively ‘placebo’ treatments for neck pain.

There is a substantial literature on the risks of treatment
with NSAIDs, particularly gastrointestinal side-effects. Any
benefit in short-term reduction of symptoms in acute low
back and neck pain needs to be balanced against that risk.

3. Epidural steroids for subacute back pain
1 For adults with an episode of subacute LBP with sciatica, does
the use of epidural steroid lead to better outcomes, including pain
reduction and a reduced need for surgical intervention?
2 For adults with an episode of subacute neck pain with radicular
symptoms, does the use of epidural steroid lead to better outcomes,
including pain reduction and a reduced need for surgical intervention?

Although the natural history of acute episodes of back and
neck pain, with or without radicular symptoms is favourable,
there will still be a considerable number of people that fail
to fully recover by 6–12 weeks, so-called ‘subacute’ back 
or neck pain. For the clinician, the clinical options may
include referral for consideration of surgery or continuation
of conservative measures such as more physical therapy.
Epidural steroid injections are commonly employed as an
intermediate step between conservative management and
surgery. To offset the risks and costs involved with this inva-
sive procedure, it is necessary to have confidence that the

Table 6.2 NSAIDs compared to various controls for people with back pain and neck pain.

Type of Patient Intervention Outcome Number Control SMD Control Relative Absolute Comment
study (follow- of patients group (95% group risk risk 
(reference) up time) (number mean CI) risk (95% CI) reduction 

of trials) change (range) (95% CI)
from
baseline
(range)

SR** [3] Acute LBP NSAIDs Pain 452 (3) 20.3* 0.53 NSAID worst.
with or versus intensity (0.56 to 33.4) (ns) Non statistical
without placebo (1 week) significant
sciatica

Global 535 (6) 63% 1.24 13% NSAID better
improvement (20–78) (1.1–1.4) (6–20)
(1 week)

Mainly acute NSAIDs Pain 255 (5) Unable to Conflicting
LBP with or versus intensity pool the results
without paracetamol short term results
sciatica 
(some 
chronic)

Chronic NSAIDs Pain 198 (4) Unable to No benefit 
mechanical versus intensity pool the of NSAIDs 
neck pain various short term results over other 

(acupuncture, treatments
manipulation,
sham physical
therapy)

LBP: low back pain; SR: systematic review; SMD: standardised mean difference; CI: confidence interval; RCT: randomized controlled trial; ns: not
statistically significant. *Different scales; **The SR was recently withdrawn from the Cochrane Library.
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treatment is superior to conservative management both for
symptom relief and, preferably, leading to a reduced need
for surgery.
1 There are a number of RCTs of epidural steroid injections
in different back pain populations with different steroid
preparations, with or without anaesthetic agent, with or
without fluoroscopy or CT guidance, with different control
groups, outcome measures and follow-up periods. There have
been several systematic reviews between 1995 and 2005 gen-
erally including the same trials but coming to different conclu-
sions about the overall efficacy of epidural steroids. One of the
systematic reviews [5] which attempted to pool all available
results concluded that epidural steroids were effective in
reducing sciatica (pooled odds ratio 2.61 (95%CI 1.9–3.77))
for short-term pain relief and 1.87 (95%CI 1.3–2.68) for
long-term pain relief). Most of the systematic reviews how-
ever, including those with the most rigorous searching, inclu-
sion and analysis strategies, have concluded that the case for
epidural steroid injections in patients with sciatica is unproven.
In a Cochrane Review [6], the pooled RR for short-term bene-
fit with epidural steroids was 0.93 (95%CI 0.79, 1.09) and
long-term benefit RR 0.92 (95% CI 0.76, 1.11). Most of the
trials employed pain (using a visual analogue scale (VAS)) as
an endpoint although some included need for further sur-
gery. A number of small RCTs have been published since these
systematic reviews. Two high quality trials in particular com-
pared outcomes for patients where epidural injections with
steroid (and/or anaesthetic agent) were compared with injec-
tions with either saline or anaesthetic agent alone. In the trial
with saline injection controls [7], there was evidence of short-
term benefit for the intervention group (symptom control and
patient satisfaction) but not longer-term benefit. In the trial
with anaesthetic only injection controls [8], there was a reduc-
tion in the need for surgery in the intervention group.
However, because of the small numbers in these trials, it is
likely that a further systematic review including these trials
will still reach a conclusion of ‘conflicting results’ from the
available studies. As a guide to the size of any treatment effect
from epidural steroids, one systematic review estimated that
the number needed to treat for short-term benefit (i.e. less
than 60 days) with 75% relief was around 7 and for 50% relief
around 3. However, for longer-term improvement (3–12
months) the NNT for 50% pain relief was around 13 with wide
confidence intervals (95%CI 6.6–314) [5]. These numbers are
dependent on the most positive reading of the pooled results
from the various trials and should be considered optimistic.
2 For neck pain with radicular symptoms, a systematic review
of various injection therapies is available with the last substan-
tive amendment made in December 2004 [4]. That review
found only one trial comparing epidural steroid given with lig-
nocaine and intramuscular steroid given with lignocaine in 
50 subjects with chronic neck pain and radiation. There was
a benefit for the epidural group for pain (SMD �1.46
(95%CI �2.16, �0.76)) and return to work (RR 0.49

(95%CI 0.29, 0.92)) at 4 weeks. That review also identified
two RCTs comparing intramuscular lignocaine with placebo
for people with chronic mechanical neck pain (166 subjects)
with follow-up between 2 weeks and 3 months and favour-
ing the intervention (SMD �1.36 (95%CI �1.93, �0.80)).
Overall, the quality of this evidence is, at best, modest and
should be applied clinically with considerable caution until
further studies are available. Clearly there are risks associ-
ated with these treatments and the small numbers studied
make it impossible to quantify the size of benefit (if any)
with any certainty.

4. Manipulation for acute back pain episode
1 For adults with an acute episode of LBP with or without radicu-
lar features, does prescription of manipulation lead to better out-
comes compared to no manipulation and/or other treatments?
2 For adults with an acute episode of neck pain with or without
radicular features, does prescription of manipulation lead to better
outcomes compared to no manipulation and/or other treatments?

Manipulation is often prescribed for acute and chronic back
and neck pain. Manipulation is practised in different forms by
the same and different practitioners including chiropractors,
osteopaths, physical therapists and musculoskeletal medi-
cine doctors. The related procedure – mobilization – is also
frequently employed, the difference between the two proce-
dures generally being one of extent, where most manipula-
tion techniques aim to move the joint or segment beyond its
passive range while mobilization techniques stay within the
passive range of movement of a joint or segment. There are
many RCTs of manipulation in its various forms undertaken
by many different practitioners with varying levels of train-
ing. Chiropractic manipulation has been the most extensively
studied. There are a number of systematic reviews of the
RCTs along with several international guidelines which do
not agree on the role of manipulation in the management of
acute LBP.
1 The most recent systematic review is of high quality and
attempts to quantify the clinical effect of manipulation for LBP
[9]. In 29 RCTs with over 3000 patients, comparing manipula-
tion to a range of ‘inactive’ treatments (such as sham manipu-
lation or detuned electrical stimulators), there was a clear
treatment effect from manipulation. This was quantified at
around 10 mm (95%CI 2, 17) on a 100 mm VAS for pain
where 0 is no pain and 100 mm is the worst pain imagina-
ble. There was also a benefit of manipulation compared to
‘inactive’ treatments in terms of function: 2.8 points
(95%CI �0.1, 5.6) on the Roland Disability Questionnaire
(which has a range of 23 points). Endpoints were generally
measured within weeks of treatment. However, when
manipulation was compared to other ‘active’ treatments for
back pain such as exercise treatments, no difference was
found. In subanalyses, there was no change in the findings if
only studies with patients with sciatica were included.
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2 A systematic review with most recent substantive update
in March 2002 is available [10] which considers the impact
of manipulation and mobilization on various outcomes for
acute, subacute and chronic neck pain, with and without
radicular symptoms. Although 33 RCTs were included in the
review, only one had more than 70 subjects. The authors
concluded that there was evidence of no impact on pain and
functional outcomes of either a single manipulation or 6–20
manipulations over a few weeks. They came to a similar
conclusion about mobilization. They identified 15 trials of
‘multi-modal therapy with an exercise focus’ which gener-
ally meant manipulation and/or mobilization and an active
exercise programme. Compared to waiting list controls, there
were improvements for pain (pooled SMD �0.85 (95%
CI �1.20 to �0.50)), function (generally measured using
the Northwick Park Neck Pain Questionnaire) (pooled
SMD �0.57 (95% CI �0.94 to �0.21)) and ‘global per-
ceived effect’ (SMD �2.73 (95% CI �3.30 to �2.16)). Most
of the trials included in this analysis involved subjects with
chronic or subacute neck pain. The major reservation about
the results is the use of waiting list controls and uncertainty
about the ‘active element’ of the treatment given the evidence
that manipulation and mobilization alone appear to be inef-
fective. It was not possible to make comment on the subgroup
of subjects with radicular symptoms. Regarding the safety of
cervical manipulation, estimates of between one significant
adverse event per 3000 and one per 1,000,000 manipula-
tions have been made with too little information available to
narrow this discrepancy.

5. Exercise therapy for chronic back pain
For people with chronic back pain, do exercise-based interventions
improve functional outcomes?

Exercise treatments are commonly prescribed for people
with acute, subacute and chronic LBP. There is considerable
heterogeneity in the many trials of exercise therapy with
respect to the study population, the exercise intervention,
control groups, follow-up times and outcome measures used.
A high quality systematic review with the most substantive
update in February 2005 is available [11] which included 61
RCTs (6390 participants). Most of these trials (43/61) were
in subjects with chronic back pain.

For people with acute back pain, there was evidence of no
benefit for exercise interventions from 11 trials (1192 subjects)
for pain outcomes at different time points. For people with
subacute back pain there was modest evidence of benefit in
reducing work loss from two trials using a graded exercise
programme but no evidence of benefit for pain and func-
tional outcomes (usually using either the Oswestry disability
index or Roland-Morris disability questionnaires) for subjects
in eight trials when the results were combined. For people
with chronic back pain there was strong evidence of benefit for
exercise treatments compared to no treatment and to other

conservative treatments with regard to pain, especially for
patients seeking care from health professionals (as opposed
to community populations with back pain recruited specif-
ically for study). The benefit on functional outcomes was
small and unlikely to be clinically significant. Because of the
wide variety of interventions in these trials it is difficult to
draw conclusions about whether particular exercise regi-
mens are better than others or what might constitute appro-
priate duration and intensity of treatment.

A further systematic review of physical conditioning pro-
grammes with a return to work focus [12], concluded that for
patients with chronic LBP, physical conditioning programmes
resulted in an average 45 days less work loss at 12 months 
follow-up (95% CI 87.6, 3.3) based on pooled results from
two RCTs. However there was no significant difference if the
outcome of ‘off work’ at 12 months was used.

6. Surgery
1 For people with acute or subacute back pain with radicular fea-
tures and radiographic evidence of an appropriate disc/other lesion,
does a surgical procedure to remove, or modify, the disc/other struc-
ture lead to better pain and/or functional outcomes than non-surgi-
cal management? If effective, what is the ideal timing for surgery in
terms of a preceding period of non-surgical management? What are
the long-term risks of surgical treatment for back pain with radicu-
lar features?
2 For people with chronic back pain, with or without degenerative
features on imaging of the lumbar spine, who fail to respond to con-
servative treatment, is spinal fusion more effective than best non-sur-
gical therapy, particularly on outcomes at the level of activity
limitation and participation?

1 Surgery has been considered an option for people with back
pain that does not recover with conservative treatment, partic-
ularly when sciatica is present. These four clinical questions
relate to LBP. The same general questions apply also to neck
pain although with somewhat less emphasis on disc lesions.

In an ideal world there would be systematic reviews based on
multiple high-quality RCTs to consider these questions which
come up reasonably often in clinical practice. Distressingly,
there remains only a single RCT of surgery versus no surgery
for sciatica with radiographic evidence of a disc lesion, pub-
lished over 20 years ago. The reason for this paucity remains
uncertain. There is clearly a large amount of clinical uncer-
tainty, manifest by large variations in surgery rates among
countries.

Taken at face value, the one RCT [13] provides modest
support for surgery as an effective intervention. In that trial
126 subjects with sciatica, a radiologically proven disc lesion
and uncertainty about the appropriateness of surgical inter-
vention were randomized to surgery or no surgery groups
and followed for up to 10 years. At 1 year, there was a sta-
tistically significant, but small, benefit for surgery with ‘sat-
isfaction’ rates of 92% for the surgical group and 79% for

44 Part 2: Neurological symptoms/problems
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the non-surgical group. By 4 years there was no difference
between the two groups – satisfaction rates of 82% and
88%, respectively. This study has been criticized, primarily
because of a high crossover rate from no surgery to surgery
along with insensitive outcome measures. It should be pointed
out that, of the original 280 patients that Weber assembled,
67 were assigned to surgery without randomization, because
they ‘had symptoms and signs that beyond doubt, required
surgical therapy’. Some reviewers of the original study have
taken this to mean that the results of this trial cannot be
generalized to a population of newly presenting patients
with sciatica where surgery is being contemplated as a treat-
ment option. Equally it could be argued, as no randomized
trial of newly presenting patients with sciatica, contemplat-
ing surgery, is available, that this is the best information we
have. A new RCT of surgery versus prolonged conservative
treatment for sciatica is planned in the Netherlands [14]
aiming to recruit 300 patients within 12 weeks of a new
episode of sciatica.

A systematic review of surgery for lumbar disc prolapse is
available [15]. However, of the 27 RCTs included in that
review, 16 tested chemonucleolysis. Ten trials compared differ-
ent surgical techniques without a ‘no surgery’ group with the
remaining trial being that of Weber, referred to above.

Problems of bias preclude the use of cohort studies to
answer the clinical questions posed above.

Surgery for neck pain with radicular features is the subject
of a systematic review [16]. The authors found one RCT (81
patients) comparing surgical decompression for cervical
radiculopathy with physiotherapy or cervical collar immo-
bilization. Three months after surgery, the surgical group had
less pain (mean difference (MD) �14 (out of 100), 95%
CI �27.84, �0.16) compared to the physiotherapy group. By
1 year after surgery there were no differences between the two
groups (MD �9, 95% CI �23.39, 5.39). Results were similar
when surgery was compared to cervical collar immobiliza-
tion. There was also a significant short-term improvement in
sensory loss in the surgery group compared to either control
but this difference was no longer present after 1 year.
2 The effectiveness of surgery for back pain without radicular
features has been the subject of a systematic review [17] with
most recent substantive update in February 2005 but most of
the RCTs were of different types of operation. Two recent RCTs
with non-operative control groups were included. A further
RCT with non-operative control group has been published
since then. These three RCTs are considered below, making
the point that each trial used different inclusion and exclu-
sion criteria and the control population also varied.

One trial [18] randomized 294 subjects with chronic LBP
of more than 2 years duration (median approximately 8
years) to one of three surgical groups for spinal fusion using
different techniques or no surgery (physical therapy). Prior to
entry to the study all subjects had to have completed a course
of conservative therapy which failed to improve them, so

the control group effectively repeated this non-effective
treatment. By 2 years follow-up the surgical group as a whole
had better outcomes than the non-surgical group including
pain, disability and depressive symptoms.

A further RCT [19] enrolled 349 subjects with more than
1 year’s duration LBP considered candidates for spinal fusion
to either surgery or an intensive rehabilitation programme
including cognitive behavioural therapy. There were signifi-
cant falls in disability scores in both groups by 2 years of 
follow-up. There was a much smaller difference between
the groups which just reached statistical significance,
favouring surgery.

A third trial [20] enrolled 64 patients with chronic LBP for
more than 1 year and randomly assigned them to spinal fusion
or cognitive intervention and exercises. By 1-year follow-up
there were significant falls in disability scores in both groups.
There was no significant difference between the groups on dis-
ability scores.

Taken together, these studies suggest that spinal fusion sur-
gery is as effective as a combined programme of exercises and
cognitive intervention for people with long-term (greater than
1 year) LBP but may be more effective than physical therapy
alone for patients with chronic LBP �2 years duration.
Evidence from the Swedish study [17] suggests that more
complicated and higher risk surgical techniques are no better
than the most straightforward technique of posterolateral
fusion without internal fixation. The complication rate of sur-
gery in these and other trials has been reported as between 6%
and 31% depending on the technique used. Reintervention
rates are between 6% and 22%.

Summary

We know that back pain and neck pain are common com-
plaints and associated with considerable misery and cost, par-
ticularly when the problem becomes chronic. The reductionist
model of medical thinking that has prevailed for the last 250
years (‘every symptom has a cause, remove the cause and the
symptoms disappear’), has largely failed in an attempt to
find ‘cures’ for these problems which are almost ubiquitous
in adult life and carry a generally favourable prognosis. The
various systematic reviews of individual treatments suggest
a small favourable treatment effect for ‘active’ therapies
including advice to stay active, exercise and manipulation
although the size of these effects is very small. The evidence
for surgery as an effective option for back pain with or with-
out radicular features is less than impressive considering the
frequency with which it used, along with the known com-
plications and costs involved. A recent BMJ editorial [21]
referred to spinal fusion for chronic back pain as ‘an experi-
mental treatment’. There is clearly a place for more high-
quality RCTs of surgery with non-surgical control groups
and of non-surgical treatments for people with chronic LBP
aiming to identify the best non-surgical treatment against
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which surgical interventions should be compared. At pre-
sent, most support can be found for intensive multi-
disciplinary bio-psycho-social rehabilitation programmes [22].

In the absence of compelling evidence for many of the com-
monly used interventions for people with back and neck pain,
a reasonable approach for clinicians managing these patients is
a combination of adequate assessment, reassurance in the
absence of significant disease, encouraging activity and ‘doing
least harm’ in the way of interventional therapy. In the long
term, taking the medicine out of musculoskeletal pain com-
plaints and encouraging clinicians and lay people to recog-
nize them as part of our adult experience may lead to less
overall misery.
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Introduction

Neuropathic pain has been defined as pain initiated, or
caused by, a primary lesion or dysfunction of the nervous
system [1]. Neuropathic pain can take a variety of forms and
is a major disability in common neurological diseases, such
as neuropathy, myelopathy, multiple sclerosis (MS), or stroke.
It is estimated that 1.5% of the general population is
affected by neuropathic pain. However, this figure is a crude
estimate and there are few published data on the incidence
and prevalence of the various forms and aetiologies of neuro-
pathic pain [2,3].

The burden of neuropathic pain on patients and health-
care systems appears to be potentially large. A number of
studies demonstrated that patients with neuropathic pain
experience a poor health-related quality of life [4,5]. Further-
more, a recent analysis of US insurance claims data has
shown annual healthcare charges three-fold higher for neu-
ropathic patients than age and sex matched patients without
a recent claim for neuropathic pain [6].

Despite the considerable increase in the number of ran-
domized placebo-controlled trials in neuropathic pain over
the last few years, the medical treatment of neuropathic pain
is still far from satisfactory, with less than half of the patients
achieving significant benefit with any pharmacological drug
[3,7,8]. Randomized controlled trials (RCT) have generally
been performed in patients categorized according to their
aetiologies. Most RCTs have been conducted in postherpetic
neuralgia (PHN) and painful polyneuropathy (PPN), whereas
there are very few trials in other peripheral neuropathic
pains – including trigeminal neuralgia – and central pain
(CP), and no RCTs in painful radiculopathies [7,8].

Framing clinical questions

To avoid unclear and non-definite neuropathic pain condi-
tions, and also taking in account commonality of neuro-
pathic conditions and number of available RCTs, we decided
to focus on painful polyneuropathies and PHN. In addition
we included CPs, as they are well known to neurologists but
differ in pain characteristics, mechanisms, and therapy.

These three conditions are representative of diseases
affecting different portions of the nociceptive pathways: in

distal–proximal order, painful polyneuropathies are distal
axonopathies, PHN is a ganglionopathy, spinal cord injury
(SCI) may damage the dorsal horn or spinothalamic tract,
and post-stroke pain mostly affects the thalamo-cortical
neurons.

PPN is a common neuropathic pain condition. Diabetic
polyneuropathy is the most classical example with a
reported prevalence of 54–1100 cases per 100 000 [9,10].
Patients usually present with spontaneous and stimulus-
evoked pains with a distal and symmetrical distribution
[11]. Although one or more of the pain symptoms charac-
teristics of neuropathic conditions are seen in the majority
of the patients, the most frequent single pain symptom is
deep aching pain [11]. Diabetic and non-diabetic PPN are
similar in symptomatology and with respect to treatment
response [12].

PHN is a painful aftermath of shingles with a reported
prevalence of 6.8–38.3 cases per 100 000 [13]. Patients with
PHN often describe a constant generally burning pain and a
paroxysmal pain with lancinating or shooting quality, and
brush-induced allodynia is found in most cases. In an indi-
vidual patient, any of these three components can be the
most distressing feature of the pain [14]. The incidence of
PHN (defined as pain persisting for more than 1 month after
the herpes zoster skin rash) has been estimated to range
9–14% [15].

CP or central neuropathic pain is pain due to a lesion in
the central nervous system (CNS). We were unable to locate
an estimate of the incidence or prevalence of CP. CP can be a
consequence of stroke (central post-stroke pain, CPSP), SCI,
MS, but also other aetiologies [16]. Pain may be burning,
shooting, aching, or pricking and is often accompanied by
dysesthesia, hyperalgesia or allodynia, particularly to brush
or cold [17,16].

Search methods, ranking criteria, and
statistical analysis

Our search, adhering to the methods described in the book
introduction, was based on the Cochrane Collaboration guide-
lines for search strategies and conducted up to January 2006.
We sought Cochrane Systematic Reviews [18,19,20–22], 
other systematic reviews [3,7,8,23,24,25,26,27], and RCTs
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(randomized double-blind studies using chronic dosing and
placebo and studying at least 10 patients). The grading of 
evidence followed the European Federation of Neurological
Studies (EFNS) system [28]. As recommended by the EFNS
guidelines on neuropathic pain assessment [29], we checked
and duly commented upon the RCTs that assessed sleep,
mood, and quality of life. But unless otherwise specified, we
took as primary measure of benefit the number of responders
(i.e. patients with at least 50% pain relief), and as primary
measure of harm the number of patients that discontinued
because of adverse events. Differences between active and
control groups were evaluated with the Fisher’s exact test,
with calculation of 95% confidence intervals (CI).

In order to reflect the relative importance of both the
quality of evidence and the relative efficacy/safety of treat-
ments we developed two summary metrics for group of 
trials for each drug by indication:
‘Reliability’ that is a metric based on sample size and quality 
of the RCTs), where reliability � sample size (1–5 scale of
patients with active treatment)* � quality score (as assessed
by 1–5 Jadad scale)#. *Sample scale: in these analysis we
extracted numerical data from 81 trials for a total of 4956
patients treated with active treatment; the sample size ranged
from 11–878, with a non-normal distribution, median � 33,
25% percentile � 19, and 75% percentile � 72; hence we
used a scale assigning 1 to trials with �19, 2 to those with
19–32, 3 to those with 33, 4 to those with 34–72, and 5 to
those with �72 patients with active. #Quality scale: the Jadad
scale is a commonly used method of scoring the quality of tri-
als on the basis of the type of randomization, placebo, and
blinding, but does not take into account the sample size [30];
total Reliability over several trials was calculated by summing
the reliability calculated for each trial.
‘Net Gain’ that is a metric based on the relative benefit) and
harm in a trial where Net Gain � (% patients with beneficial
outcome with active minus % patients with beneficial out-
come with control) minus (% patients with harmful out-
come with active minus % patients with harmful outcome
with control). For the purposes of this chapter, benefit was
defined as the proportion of patients achieving a 50% or
more pain relief while harm was defined as the proportion
of patients dropping out due to adverse events. To prevent
double taxing the drug-induced gain, the proportion of
patients benefiting from therapy was calculated based on the
population excluding those who dropped out due to adverse
events. Net Gain for each drug class (or individual drug) was
calculated by first pooling total data from all trials and then
applying the formula. Net Gain is only reported in those cir-
cumstances where there was a statistically significant differ-
ence (P � 0.05) in the benefit outcome.

For each of the three pain conditions, a table reports the
results for each drug or drug class, including absolute values
of Reliability and Net Gain (Tables 7.1–7.3); Reliability and
Net Gain values are then normalized to maximum and 

minimum values found in the given pain condition and plot-
ted on diagrams of Reliability/Gain, where best drugs are
located in the upper-right quadrant (Figures 7.1–7.3).

Critical review of the evidence for each
question

1. Painful neuropathy
In patients with painful neuropathy, how do drug treatments affect the
probability of reducing pain? What is the probability of adverse effects?

PPN is the neuropathic pain condition that has been most
intensively studied in controlled trials (a total of 3567
patients in our analysis) (Table 7.1).

Tricyclic antidepressants
Eleven small cross-over, class-I or II RCTs, dating from 1984
to 2003, have established the efficacy of Tricyclic antidepres-
sants (TCA) (amitriptyline, clomipramine, desipramine,
imipramine, nortriptyline, and the tetracyclic maprotiline)
in PPN [19,27]. TCA in PPN was significantly better than
placebo (P � 0.0001), with a combined Reliability over 11
trials of 77 and Net Gain of 38%. The TCA most effective is
nortriptyline 30 mg, scoring 84% gain; amitriptyline (pro-
bably the most used in clinical practice) provides on average
a 41% Net Gain. There were only two head-to-head trials
(both Class I). In one, clomipramine and desipramine were
not significantly different [31]. In the other amitriptyline
was slightly but significantly more effective than maprotiline
[39]. The most common side effects of TCA are dry mouth,
constipation, sweating, dizziness, disturbed vision, drowsi-
ness, palpitation, orthostatic hypotension, sedation, and urin-
ary hesitation. More selective TCAs such as nortriptyline are
better tolerated than the non-selective TCA, with less anti-
cholinergic effects and sedation [40]. A suspected associa-
tion between TCA treatment and sudden cardiac death has
raised concern. A recent epidemiological study found a
slight increase in sudden cardiac death with TCA doses
greater than 100 mg/day [41]. Therefore caution is recom-
mended for older patients, particularly those with cardiovas-
cular risk factors [3,27].

Serotonin–noradrenaline reuptake inhibitors
Venlafaxine 150–225 mg/day and duloxetine 60–120 mg/day
[7,8,42] are significantly effective in PPN (P � 0.0001), with
a combined Reliability of 128. The Net Gain, however, is
comparatively low: 16%. Duloxetine has been shown to
improve quality of life and sleep in a large, class-I RCT [43].
In a head-to-head comparison, venlafaxine was as efficacious
as the TCA imipramine [44].

Serotonin–noradrenaline reuptake inhibitors (SNRI) are a
better option than tricyclics in patients with cardiac disease
[7]. The relative risk for withdrawal is not significantly dif-
ferent from placebo and there is no need for drug-level

48 Part 2: Neurological symptoms/problems

9780727918116_4_007.qxd  2/8/07  6:09 PM  Page 48



Chapter 7: Neuropathic pain 49

Table 7.1 Treatments for painful polyneuropathies.

Drugs Sample Benefit with Benefit with Relative Harm with Harm with Relative Reliability 
size active control Risk active control Risk and 
(trials) (range) (range) (95% CI) (range) (range) (95% CI) Net Gain

TCA 564 56.6% 11.6% 4.9 (3.4–7) 8.9% 2.1% 4.3 (1.7–11) 77 38
(11) (37–89) (0–24) P � 0.0001 (0–24) (0–6) P � 0.0008

SNRI 1013 51.8% 28.5% 1.8 (1.4–2.1) 11.2% 4.0% 2.8 (1.6–4.9) 128 16
(4) (27–63) (7–35) P � 0.0001 (9–20) (4–5.3) P � 0.0001

SSRI 162 43.2% 28.4% 1.5 (1–2.3) 5.4% 2.2% 2.5 (0.5–13) 24 –
(3) (20–50) (15–41) ns (0–6) (0–4) ns

PGB/GBP 797 50.3% 20.7% 2.4 (1.9–3) 8.5% 4.4% 1.9 (1.1–3.4) 101 26
(5) (43–61) (14–31) P � 0.0001 (6.5–11) (2.9–6.7) P � 0.022

NaCB 282 60.1% 20.8% 2.9 (2.1–4.1) 15.3% 4.1% 3.7 (1.5–8.9) 32 22
(3) (48–74) (18–26) P � 0.0001 (0–28) (0–8) P � 0.019

LTG 59 44.4% 17.9% 2.5 (1–6.1) 6.9% 6.7% 1.0 (0.2–6.9) 10 26
(1) P � 0.044 ns

Topiramate 1092 45.7% 23.0% 1.99 (1.3–3) 24.3% 8.3% 2.9 (1.5–5.7) 50 6
(2) P � 0.0002 P � 0.0005

Valproate 130 56.1% 13.8% 4.1 (2.1–8) 4.6% 1.5% 3.0 (0.3–28) 23 39
(2) (26–83) (10–18) P � 0.0001 (3–6) (0–3) ns

Opioids 300 69.4% 27.4% 2.5 (1.8–3.5) 15.2% 4.7% 3.2 (1.4–7.3) 80 32
(3) (41–80) (10–37) P � 0.0001 (14–16) (1.5–9) P � 0.0033

Mexiletine 158 72.7% 59.6% 1.2 (0.9–1.6) 9.1% 8.5% 1.1 (0.4–3.2) 25 –
(2) (12–87) (33–70) ns (8–13) (3–20) ns

NMDA 106 58% 27.5% 2.1 (1.3–3.5) 1.8% 0% 1 13 29
(3) (47–68) (0–37) P � 0.0025 (0–4.3) (0–0) ns

Capsaicin 439 59.5% 45.9% 1.3 (1.1–1.5) 11.9% 2.8% 4.2 (1.6–11) 42 5
(5) (47–89) (18–65) P � 0.0045 (7–13) (0–4) P � 0.0017

Outcome measure of benefit: number of patients with at least 50% pain relief. Outcome measure of harm: number of drops out due to adverse
events. In all instances control is placebo.

Reliability: a metric based on quality of evidence and sample size (see Methods).

Net Gain: a metric based on the relative benefit and harm in a trial where Net Gain � (% patients with benefit with active minus % patients with
benefit with placebo) minus (% patients with harm with active minus % patients with harm with placebo); it only applies to treatments significantly
different from placebo. P-value from Fisher’s exact test.

TCA: tricyclic antidepressants (amitriptyline 75–90 mg, clomipramine 75 mg, desipramine 200 mg, imipramine 100–200 mg, nortriptyline 30 mg, and
the tetracyclic maprotiline 75 mg). SNRI: serotonin–noradrenalin reuptake inhibitors (duloxetine 60–120 mg, venlafaxine 150–225 mg). SSRI: 
selective serotonin reuptake inhibitors (citalopram 40 mg, fluoxetine 40 mg, paroxetine 40 mg). PGB/GBP: presynaptic calcium-channel modulators
(gabapentin (GBP) up to 3600 mg; pregabalin (PGB) 150–600 mg). NaCB: sodium-channel blocking antiepileptic drugs (carbamazepine 
(CBZ) 200–600 mg, oxcarbazepine (OXC) 600–1800 mg, phenytoin 300 mg).

LTG: lamotrigine, various-action antiepileptic drug (50–400 mg). Another study in 100 patients with mixed neuropathic pains found no difference
between LTG 200 mg and placebo [31].

Topiramate: various-action antiepileptic drug (100–400 mg). Two high-quality, very ample sample size; one, resulting in topiramate � placebo, had
no calculation of responders [32].

Valproate: various-action antiepileptic drug (1000–1500 mg). Opioids: predominantly acting on mu-opioid receptor (oxycodone 20–80 mg, tramadol
200–400 mg). Mexiletine: antiarrhythmic drug (225–675 mg).

NMDA: N-methyl-D-aspartate antagonists of the NMDA receptor (dextromethorphan 400 mg, memantine 55 mg). In two studies the outcome
measure was not 50% pain relief and in one the control group had lorazepam instead of placebo [7,8,33]. Capsaicin, topical: 0.075% cream q.i.d.
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monitoring. The most frequently observed adverse events
with duloxetine are nausea, somnolence, dry mouth, increased
sweating, loss of appetite, and weakness [43]. Although
immediate release venlafaxine is associated with adverse
CNS and somatic symptoms such as agitation, diarrhoea,
increased liver enzymes, hypertension, and hyponatremia
[45], the extended release formulation appears to be far
more tolerable, the main side effects being gastrointestinal
disturbances [44,46].

The optimal dosage of duloxetine is 60 mg/day: 120 mg/day
is no better than 60 mg/day and 20 mg/day is ineffective (class I:
32,59). Only high doses of venlafaxine (150–225 mg/day)
are effective [7].

Selective serotonin reuptake inhibitors
Paroxetine, fluoxetine, and citalopram have been evaluated
in one small-sample class-II RCT each [7,8]. The combined
Reliability is low: 24, the efficacy is not significantly different
from placebo. It is worth mentioning, however, that paroxe-
tine 40 mg/day was significantly better than placebo, with a
Net Gain of 35%, in one 20-patient, cross-over RCT [47].

Presynaptic calcium-channel modulators (PGB/GBP)
Both pregabalin (PGB) 300–600 mg/day and gabapentin
(GBP) 1800–3600 mg/day have good evidence for efficacy in
PPN, with several high-quality RCTs [48,49,50,51]. These
drugs relieve the pain of diabetic PPN consistently across 
trials, with a combined Reliability of 101 and Net Gain of
26%. Some of the initial PGB trials were flawed by exclu-
sion of GBP non-responders, but two more recent class-I
RCTs that did not profit from this kind of enriched enrol-
ment still reported a similar efficacy [52,53]. The two drugs
have never been compared head-to-head; an indirect 
comparison between placebo-controlled trials shows similar
Net Gains for GBP and PGB. One head-to-head class-II study
compared GBP (1800 mg/day) to amitriptyline (75 mg/day):
because of an insufficient sample size, the relative efficacy
and tolerability of these drugs could not be definitively
assessed [54]. Significant improvement of health-related
quality of life and sleep has been documented for GBP in
one class-I RCT [48] and for PGB in three class-I RCTs
[49,50,52]. The most common side effects of GBP and PGB
include dizziness, somnolence, peripheral oedema, and dry
mouth, with a similar frequency for both drugs. While GBP
is widely accepted as highly tolerable even at high dosages
(�2400 mg) [20,21], the reports on PGB change remarkably
with the daily dose: with 150–300 mg there is almost no dif-
ference with placebo [49,53], while the withdrawal rate
reaches 20% with 600 mg [52,55].

Sodium-channel blockers
Three small cross-over double-blind trials, published some 
30 years ago, reported significant effects of phenytoin and
carbamazepine (CBZ) in diabetic PPN, but their methods 

and reporting do not live up to current standards [7,8].
Oxcarbazepine (OXC) data were equivocal in PPN, with some
unpublished or open-label trial evidence [56]. However, in a
recent double-blind parallel-group placebo trial of 16-week
duration, OXC (300–1800 mg/day) was moderately effica-
cious in diabetic PPN [57]. For the NaCB class, the mean Net
Gain is good (22%), but the overall Reliability is very low:
32. One small class-II study reported similar efficacy of CBZ
and nortriptyline–fluphenazine, but the small sample size
(n � 16) might prevent disclosing a difference [58]. In gen-
eral, NaCB drugs in PPN do not seem as efficacious as they
are in trigeminal neuralgia. CBZ entails frequent adverse
events, which include sedation, dizziness, gait abnormalities.
Liver enzymes, blood cells, and platelets must be monitored
for at least one year, because of possible toxic effects. Induction
of microsomal enzyme systems may influence the metabo-
lism of several drugs. In contrast to CBZ, OXC does not entail
enzyme induction and there is little risk for crossed cuta-
neous allergy. In the first months of treatment, sodium levels
must be monitored because OXC induces hyponatraemia,
about 6% in the elderly [59]. As regards other side effects,
although a better tolerance has been claimed with OXC
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Figure 7.1 Diagram Reliability/Gain in PPN.
X-axis: Reliability of the evidence, based on quality and sample size of the
available trials (see text). Y-axis: Net Gain of active over control both in
terms of efficacy and tolerability (see text). Both measures are normalized
to maximum and minimum value found in PPN. Drugs in the upper-right
quadrant are most reliably efficacious and tolerable, those in the left half
are provided with lower-level evidence, those in the lower half are less
efficacious or less tolerable. For instance, valproate would be most effective
but has poor evidence to support its effectiveness, Serotonin–noradrenaline
reuptake inhibitors (SNRI) have top-level evidence but are, comparatively,
moderately effective.
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compared with CBZ [7,25], this notion lacks consistent evi-
dence from class-I trials. In a recent trial in diabetic PPN,
27.5% of the OXC group discontinued treatment due to cen-
tral or gastrointestinal side effects versus 8% with the placebo
[57]. Both drugs should be initiated with low dosages and
slowly increased up to efficacy or intolerable side effects.
Effective dosages range from 200–1200 mg/day for CBZ and
600–1800 mg/day for OXC.

Lamotrigine
Lamotrigine (LTG) up to 400 mg/day, was studied in one
high-quality, small sample-size RCT [60], but the difference in
pain compared with placebo was only weakly significant
(P � 0.047). Furthermore, LTG 200 mg/day was found to be
equivalent to placebo (Net Gain 0%) in a class-I study in 100
patients with various peripheral neuropathic pains [31]. Side
effects of LTG include dizziness, nausea, headache, and fatigue
[7,8]. It may induce potentially severe allergic skin reactions.
In a meta-analysis collecting data from 572 patients, 9% of
patients were withdrawn because of major adverse events,
most commonly rash (class I: 9). To minimize the occurrence
of cutaneous rashes, a very slow dose titration is recom-
mended: treatment should be initiated with 25 mg daily and
increased by 25 mg every other week. The analgesic dosages
of LTG range from 200–400 mg/ day.

Valproate
Data about valproate are controversial, because it gave good
pain relief results in two class-II studies from the same group
[61,62], whereas the drug was no better than placebo in a
third, class-I study [63]. Hence its potential in PPN needs
further evidence.

Topiramate
Topiramate 100–400 mg/day has been assessed in two class-
I RCTs in over 1000 patients with diabetic PPN [32,64]. In
one it was very weakly efficacious (Net Gain 6%) and in the
other it did not prove better than placebo.

Opioids
Only two RCTs assessed a pure opioid (oxycodone) in PPN.
Both were high-quality and demonstrated that controlled
release (CR) oxycodone 20–80 mg/day is efficacious and tol-
erable [65,66], with a Net Gain of 44%. In these trials, how-
ever, patients previously receiving opioids were allowed to
participate, which may enhance the proportion of opioid
responders and reduce the incidence of side effects. Also 
tramadol 200–400 mg/day, a drug with both opioid and
monoaminergic effects that is usually classified among the
minor opioids, was significantly better than placebo in PPN in
two class-I RCTs [67,68]. The Net Gain yielded by tramadol
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Figure 7.2 Diagram Reliability/Gain in PHN.
X-axis: Reliability of the evidence, based on quality and sample size of the
available trials (see text). Y-axis: Net Gain of active over control both in
terms of efficacy and tolerability (see text). Both measures are normalized
to maximum and minimum value found in PHN. Drugs in the upper-
right quadrant are most reliably efficacious and tolerable, those in the left
half are provided with lower-level evidence, those in the lower half are
less efficacious or less tolerable.
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Figure 7.3 Diagram Reliability/Gain in CP.
X-axis: Reliability of the evidence, based on quality and sample size of the
available trials (see text). Y-axis: Net Gain of active over control both in
terms of efficacy and tolerability (see text). Both measures are normalized
to maximum and minimum value found in CP. Drugs in the upper-right
quadrant are most reliably efficacious and tolerable, those in the left half
are provided with lower-level evidence, those in the lower half are less
efficacious or less tolerable.
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(27%), however, is far lower than that of oxycodone. The
combined Reliability is 80, the Net Gain 32%. The two largest,
high-class, trials that demonstrated efficacy of CR oxycodone
and tramadol [65,67] also found these drugs ineffective on
quality of life and comorbidities. The most common side
effects of opioids are constipation, sedation, and nausea. The
risk of cognitive impairment has been reported to be negligi-
ble and the side effect profile good, particularly for oxycodone
[65,66,69,70,71]. However, less than 20% of patients con-
tinue with opioids after 1 year, because of an unfavourable
balance between side effects and efficacy [72]. Because of
tolerability and tolerance problems in the long term, recent
European recommendations indicate that opioids should 
be considered for chronic non-cancer pain as second line, if
other reasonable therapies fail to provide adequate analgesia
[7,73]. Tramadol has been reported to induce dizziness, dry
mouth, nausea, constipation, and somnolence with signifi-
cantly more dropouts compared to placebo [68,70,74].
There is an increased risk of seizures in patients with a his-
tory of epilepsy or receiving drugs which may reduce the
seizure threshold. Serotonergic syndrome may occur if 
tramadol is used as an add-on treatment to other serotoner-
gic medications (particularly selective serotonin reuptake
inhibitors (SSRIs)).

Mexiletine
It is an antiarrhythmic drug, did not yield significant pain
relief in four class I–II trials in PPN [7,8].

NMDA-antagonists
Memantine has not shown convincing efficacy in PPN,
while pain relief was found for the weak N-methyl-D-aspar-
tate (NMDA)-antagonist dextromethorphan in two small
trials [8,33]. The combined Net Gain for this drug class is
high (29%) but Reliability is low: 13.

Topical capsaicin
Across five class I–II studies [7,8] there is inconsistent evi-
dence that capsaicin provides a clinically noticeable pain
relief in PPN (the Net Gain is 5% only). Furthermore the
intense burning sensation caused by this agent decreases
compliance and may cause unblinding.

Combination therapy
The usefulness of combination therapy has been assessed in
only two RCTs. The largest one, which also included patients
with PHN, was a class-I study demonstrating synergistic
effects of GBP–morphine combination, with better analgesia
at lower doses of each drug than either as a single agent
[75]. The other study, class II, showed the superiority of
GBP–venlafaxine combination on pain, mood, and quality
of life when compared with GBP plus placebo, but the sam-
ple was 11 patients only [51].

Practical recommendations
As summarized in Figure 7.1, three drug classes lie in 
the upper-right quadrant of higher Reliability of evidence
and higher Net Gain over placebo, and should therefore 
be considered first line in PPN: Opioids, PGB/GBP, and TCA.
The choice among these drugs is subject to several consid-
erations that are non-quantitative but must be taken into
account in clinical practice. For example, an elderly patient
with cardiovascular risks factors should not take TCA. A
patient with a severe limitation in quality of life should try
first PGB (best evidence for quality of life and comorbidities)
rather than opioids (evidence for ineffectiveness on quality
of life). A patient with an overt depression will probably
receive an additional therapeutic gain with antidepressants.
In a patient with a particularly severe pain that cannot wait
for slow titration times it is better to try PGB rather than GBP.
In case of failure, because the mechanisms of action of these
three drug classes are completely different, it is reasonable to
try – unless contraindicated – all three.

Dosages of opioids should be titrated individually up 
to efficacy and according to side effects; effective doses 
for oxycodone range 20–80 mg/day. Tramadol should be 
initiated at low dosages, particularly in the elderly patient
(25 mg once daily) and then titrated as tolerated; the effec-
tive dosages range 200–400 mg/day. Effective dosages range
1200–3600 mg/day for GBP and 150–600 mg/day for PGB.
GBP needs slow individual titration with initial dosages of
300 mg/day (or less in elderly patients) while PGB can be
titrated more rapidly and has a short onset of action (less
than 1 week); whereas GBP should be administered t.i.d.,
PGB can be administered b.i.d. TCA should be initiated at
low dosages (amitriptyline 10–25 mg in a single dose taken
at bedtime) and then slowly titrated, as tolerated. Effective
dosages are highly variable from one subject to another, the
average dosage for amitriptyline being 75 mg/day, that for
nortriptyline 30 mg/day. Whether TCA blood concentrations
should be measured is still controversial [7,27].

2. Postherpetic neuralgia
In patients with PHN, how do drug treatments affect the probability
of reducing pain? What is the probability of adverse effects?

TCA antidepressants
Amitriptyline (average dosages 65–100 mg/day), nortripty-
line (average 89 mg), and desipramine (average 65–73 mg)
are effective in PHN (P � 0.0001) on the basis of three class
I–II RCTs with a combined Reliability of 40 and Net Gain of
34% (Table 7.2). In two small head-to-head, class-II trials,
the tetracyclic maprotiline has been found slightly less effec-
tive than amiptriptyline [76] and nortriptyline as effective as
amitriptyline, but better tolerated [40]. There are no RCTs
reporting the efficacy of SSRI or SNRI antidepressant in
PHN. For contraindications, side effects, and suggested titra-
tion of TCA, see previous section on PPN.
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Presynaptic calcium-channel modulators
(PGB/GBP)
PGB 150–600 mg/day (class I: 21, 69) and GBP 1800–3600 mg/
day (class I: 61,66) have consistently shown significant effi-
cacy in PHN, with a combined Reliability of 95, though with
the modest Net Gain of 19%. Both PGB and GBP improved
mood, sleep, or other items of quality of life [55,77,78,79].
For side effects and suggested titration of GBP and PGB see
previous section on PPN.

Opioids
Oxycodone, morphine, and methadone have shown effi-
cacy in PHN in two class-I, cross-over RCTs [69,71]. One 
non-placebo-controlled study reported better efficacy of high
versus low dosages of levorphanol in PHN patients (extracted
from a larger group of patients with multiple-aetiology neuro-
pathic pains) [70]. Tramadol 300–400 mg/day was shown

moderately effective on some measures of spontaneous pain
intensity in PHN; in this class-I study, only patients with pain
lasting for less than 1 year were included, thus several patients
tended to recover spontaneously during the trial, which may
account for the high rate of placebo response [74]. The com-
bined Reliability for strong and mild opioids is 56, the Net Gain
31%. But there is an important within-class difference, oxy-
codone (20–60 mg) scoring 42.7% versus 21.4% of tramadol
(300–400 mg).

In one trial comparing slow-release morphine (91 mg/day,
range 15–225) and methadone (15 mg/day) with TCA and
placebo, pain relief was significantly greater with morphine
than with nortriptyline, whereas the analgesic efficacy of
methadone was comparable to that of TCA [69]. There were
significantly more withdrawals during the opioid treatment
than during the TCA treatment, but cognitive deterioration
was seen only with TCA.
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Table 7.2 Treatments for postherpetic neuralgia.

Drugs Sample Benefit with Benefit with Relative Harm with Harm with Relative Reliability 
size active control Risk active control Risk and 
(trials) (range) (range) (95% CI) (range) (range) (95% CI) Net Gain

TCA 133 51.3% 10.2% 5.0 (2.9–8.9) 12.8% 5.3% 2.4 (1.0–5.6) 40 38
(4) (37–70) (4–23) P � 0.0001 (1.2–24) (0–17) P � 0.037

PGB/GBP 974 43.3% 15.0% 2.9 (2.2–3.8) 17.9% 8.4% 2.1 (1.5–3.1) 95 19
(4) (31–72) (11–21) P � 0.0001 (13–31) (5–12) P � 0.0001

Valproate 45 56.5% 9.1% 6.5 (1.7–26) 4.4% 0.0% 1.0 6 43
(1) P � 0.0011 NS

Opioids 230 66.7% 28.8% 2.3 (1.8–3.1) 10.0% 3.3% 3.1 (1.1–8.9) 56 31
(3) (45–77) (7–56) P � 0.0001 (7.9–12) (0–10.2) P � 0.04

NMDA 71 27.5% 15.5% 1.8 (0.8–3.7) 11.8% 1.6% 7.2 (0.9–56) 17 –
(4) (12–38) (12–23) NS (0–25) (0–8.4) P � 0.35

Capsaicin 175 70.8% 26.5% 2.7 (1.8–3.9) 20.0% 2.4% 8.5 (2.0–35) 24 27
(2) (44–79) (6–31) P � 0.0001 (0–24) (0–3) P � 0.0002

Lidocaine 128 60.4% 9.3% 6.5 (2.8–15) 1.8% 0.0% 1.0 38 49
(4) (33–78) (9.1–9.4) P � 0.0001 (0–2) (0–0) NS

Outcome measure of benefit: number of patients with at least 50% pain relief. Outcome measure of harm: number of drops out due to adverse
events. In all instances control is placebo.

Reliability: a metric based on quality of evidence and sample size (see Methods).

Net Gain: a metric based on the relative benefit and harm in a trial where Net Gain � (% patients with benefit with active minus % patients with
benefit with placebo) minus (% patients with harm with active minus % patients with harm with placebo); it only applies to treatments significantly
different from placebo. P-value from Fisher’s exact test.

TCA: tricyclic antidepressants (amitriptyline 65–73 mg, desipramine 63–167 mg, nortriptyline 89 mg). PGB/GBP: presynaptic calcium-channel
modulators (GBP 1200–3600 mg, PGB 150–600 mg). Valproate: various-action antiepileptic drug (1000 mg). Opioids: predominantly acting on 
mu-opioid receptor (oxycodone 20–60 mg, methadone 91 mg, tramadol 300–400 mg). NMDA: N-methyl-D-aspartate antagonists of the NMDA
receptor (dextromethorphan 400–439 mg, memantine 20–35 mg). Capsaicin, topical: 0.075% cream q.i.d. Lidocaine, topical: 5% gel or patch.
Several medium-quality trials, but only two with calculation of responders. The outcome measure is relief from allodynia, rather than overall pain
intensity. A further trial [34] was negative on overall pain intensity.
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Valproate
Valproate has been assessed in PHN by one class-II trial only,
with a small sample size [80]: valproate 1000 mg/day gave
very good results (Net Gain 43%), but the Reliability of 
evidence is very low: 6.

NMDA-antagonists
Dextromethorphan and memantine have been studied in two
trials each (class I–II), all with very small sample size [8,33,81].
Neither in the individual trials nor in the pooled results was
there is significant gain with the drugs over placebo.

Topical lidocaine
Repeated application of lidocaine patches (5%) has shown
efficacy in PHN patients with allodynia in some class-II stud-
ies, all with short duration (up to 3 weeks) [34,82,83]. One
cross-over study did not report baseline levels of pain and
used an enriched enrolment (i.e. only patients with open-label
clinical improvement with topical lidocaine were recruited)
[82]. The combined Reliability is 38, the efficacy depends on
whether ongoing pain or allodynia are considered. Whereas
the efficacy on ongoing pain is still controversial [7], the
effect on allodynia is excellent, with a Net Gain of 49%. The
use of lidocaine patches is very safe with a very low systemic
absorption and only local adverse effects (mild skin reac-
tions) have been reported [34,82]. Up to four patches per day
for a maximum of 12 h may be used to cover the painful
area; titration is not necessary [7].

Capsaicin
Topical capsaicin 0.075% has been found effective, though
to a small degree, in two class-I RCTs [2,84] with a combined
Reliability of 24 and Net Gain of 27%. As already men-
tioned, there are no major adverse events with topical cap-
saicin, but the intense burning sensation caused by this
agent decreases compliance and may cause unblinding.

Practical recommendations
The reliability/gain diagram for PHN shows one drug class
alone in the upper-right quadrant: Opioids (Figure 7.2).
Were we to rely on one 38-patient trial only, we might select
among the opioid oxycodone, which has a very high Net
Gain. However, oxycodone is a major opioid, thus raising the
concern of tolerance in the long-term treatment necessary
for this chronic benign condition [7,73]. Similarly, valproate
has scored an excellent Net Gain, although in one 45-patient
trial only. We would need at least one further RCT with oxy-
codone and one with valproate. Unlike PPN, in PHN TCA are
located in the upper-left quadrant because of a weaker relia-
bility of evidence, while PGB/GBP are in the lower-right
quadrant because of weaker efficacy. Topical lidocaine has
the highest Net Gain, considering its efficacy on allodynic
pain rather than overall pain. For the moment, we would
suggest to use lidocaine patches (up to four patches a day) in

those patients having a small area of allodynia, and to try, for
ongoing pain, oxycodone, TCA, or GBP/PGB, according 
to the same considerations that we made in the previous 
section on PPN.

3. Central pain
In patients with CP, how do drug treatments affect the probability of
reducing pain? What is the probability of adverse effects?

In general, very few trials have been carried out in patients
with CPs, including pain due to SCI, post-stroke pain, and
pain associated to MS. We are aware of 12 trials, 8 of these
reporting the number of responders and thus included in
Table 7.3.

Tricyclic antidepressants
Amitriptyline has been assessed both in post-stroke and SCI
pain. In 15 patients with post-stroke pain, amitriptyline
75 mg daily was superior to placebo (class I: 44). In a large
class-I study of patients with SCI pain, amitriptyline (aver-
age dose 55 mg/day) was found to be ineffective, but the
lack of effect might be due to inadequate assessment of neu-
ropathic pain [85]. The overall Reliability was 20, the mean
Net Gain 21%.

Presynaptic calcium-channel modulators
(PGB/GBP)
In a class-II cross-over trial of 20 patients with SCI pain, GBP
up to 3600 mg was significantly effective [36]. PGB (average
dose 460 mg/day) was significantly efficacious in a large class-
I parallel-group RCT in SCI [35]. Although the PGB/GBP effi-
cacy in SCI pain has been established by these two
high-quality studies, only the latter study with PGB reports
the number of patients with �50% pain relief: the Reliability
is 18; the Net Gain over placebo is low: 11%.

Sodium-channel blockers
We are aware of only one trial (class I) on CBZ 800 mg/day
in post-stroke pain [86]; the difference with placebo was not
significant. In the same study, CBZ was found to be less effi-
cacious compared with amitriptyline.

Lamotrigine
LTG 200 mg/day was significantly better than placebo in a
class-I study of 30 patients with post-stroke pain [37].
Unfortunately this study did not report number of respon-
ders. In patients with SCI pain, in contrast, LTG up to
400 mg/day was exactly equal to placebo, although an effect
was observed in a post hoc analysis in patients with incom-
plete SCI [87].

Valproate
Valproate (up to 2400 mg/day for 3 weeks) did not differ
from placebo in one class-II trial in SCI [88].
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Opioids
There is one (class-I) RCT on opioids, in multiple-aetiology
peripheral or CP: levorphanol at high dose (8.9 mg/day) was
more effective than levorphanol at low dose (2.7 mg/day) in
patients with CP, but there was no placebo group [70]. There
was no difference in response between patients with SCI,
MS, PHN, or PPN, but patients with brain lesions had more
early dropouts due to side effects compared with the others.

Cannabinoids
Cannabinoids have recently been assessed in two class-I
RCTs, both on pain associated to MS. In one trial in 24
patients, the oral cannabinoid tetrahydrocannabinol (THC)
5–10 mg/day for 3 weeks, was superior to placebo [89]. THC
was effective on ongoing and paroxysmal pain, but not on
mechanical allodynia. Cannabinoids delivered via an oro-
mucosal spray (2.7 mg of THC, 2.5 mg of cannabidiol; mean
number of sprays 9.6, range 2–25) have shown beneficial
effects on pain and sleep in one parallel RCT in patients with

MS [90]; the patients included either had neuropathic or
spasm-related pain and post hoc analyses indicated a trend
towards better effects in patients with painful muscle
spasms. The overall Reliability for cannabinoids is 26 and
the mean Net Gain 19%.

Mexiletine
Mexiletine 450 mg/day was no better than placebo in a
small cross-over trial involving 11 SCI patients [91]. Low
doses and small number of patients might play a role for lack
of efficacy.

Practical recommendations
Both reliability of evidence and efficacy are lower in central
than peripheral neuropathic pains. Figure 7.3 shows the
normalized values. So far, cannabinoids (in pain associated
to MS), amitriptyline (in post-stroke pain), and PGB (in SCI
pain) are the best choice. CBZ and valproate are no better
than placebo. We must mention that both GBP and LTG
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Table 7.3 Results in central pain.

Drugs Sample Benefit with Benefit with Relative Harm with Harm with Relative Reliability 
size active control Risk active control Risk and 
(trials) (range) (range) (95% CI) (range) (range) (95% CI) Net Gain

Amitriptyline 99 34.6% 5.8% 6.0 (1.9–19) 11.9% 3.6% 3.26 (0.7–15) 20 21
(2) (22–67) (5–7) P � 0.0004 (0–16) (0–5) NS

PGB 137 27.8% 8.6% 3.2 (1.3–8.3) 21.4% 13.4% 1.6 (0.7–3.4) 18 11
(1) P � 0.012 NS

CBZ 15 38.5% 6.7% 5.77 (0.8–43) 6.7% 0.0% 1.0 4 –
(1) NS NS

LTG 22 20.0% 21.0% 0.95 (0.3–3) 3.7% 7.1% 0.52 (0.05–5) 10 –
(1) NS NS

Valproate 20 30.0% 20.0% 1.5 (0.5–4.5) 0.0% 0.0% 1.0 6 –
(1) NS NS

Cannabis 90 35.1% 14.3% 2.46 (1.2–5) 1.8% 0.0% 1.0 26 19
(2) (27–46) (13–17) P � 0.0158 (0–3) (0–0) NS

Outcome measure of benefit: number of patients with at least 50% pain relief. Outcome measure of harm: number of drops out due to adverse
events. Unless otherwise specified control is placebo.

Reliability: a metric based on quality of evidence and sample size (see Methods).

Net Gain: a metric based on the relative benefit and harm in a trial where Net Gain � (% patients with benefit with active minus % patients with
benefit with placebo) minus (% patients with harm with active minus % patients with harm with placebo); it only applies to treatments significantly
different from placebo. P-value from Fisher’s exact test.

Amitriptyline: tricyclic antidepressant (50–75 mg). One study in post-stroke pain and one in SCI. PGB: presynaptic calcium-channel modulator
(150–600 mg) in SCI [35]. In another study in SCI, GBP up to 3600 mg was significantly better than placebo, but number of responders was not
reported [36]. CBZ: carbamazepine, predominantly NaCB (800 mg) in post-stroke pain. LTG: lamotrigine, various-action antiepileptic drug
(200–400 mg) in SCI. In another study in post-stroke pain, LTG 200 mg was better than placebo, but number of responders was not reported [37].
Valproate: various-action antiepileptic drug (1000 mg) in SCI. Cannabinoids: tetrahydrocannabinol (THC) 5–10 mg, delta-9-tetra-hydrocannabinol:
cannabidiol (THC:CBD) via oromucosal spray, both in MS.
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have been found to be significantly efficacious in CP in two
high-quality RCTs. However, these trials could not be com-
pared with the other trials because the number of respon-
ders was not reported. Considering the small number of
RCTs in CP and the generally small sample sizes, treatment
of CP may be based on general principles for peripheral neu-
ropathic pain treatment and for side effect profile. Currently,
we suggest GBP, LTG, PGB or TCA as first choice for post-
stroke or SCI pain. The level of evidence is lower for opioids
given the lack of placebo-controlled studies. For CP associ-
ated to MS, cannabinoids have high-level efficacy, but may
raise safety concerns, thus we recommend initially a trial with
other drugs found effective in other CP conditions.
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Background

Vertigo and dizziness are not unique disease entities.
Sometimes vertigo is attributed to vestibular disorders, while
dizziness is not [1]. There is no general agreement about them,
and visual stimuli can cause vertigo (e.g. height vertigo or
optokinetic vection), just as central vestibular or otolith disor-
ders can cause dizziness. The two terms cover a number of
multisensory and sensorimotor syndromes of various aetiolo-
gies and pathogeneses. They can be elucidated only within an
interdisciplinary approach [2]. After headache, vertigo and
dizziness are among the most frequent presenting symptoms,
not only in neurology. According to a survey of over 30,000
persons, the prevalence of vertigo as a function of age is around
17%; it rises to 39% in those over 80 years of age [3]. The most
frequent forms of peripheral vestibular vertigo and dizziness
are benign paroxysmal positioning vertigo (BPPV), vestibular
neuritis (VN), and Menière’s disease (MD) (Table 8.1).

BPPV is the most common cause of vertigo, not only in the
elderly. About one-third of all over the age of 70 years have
experienced BPPV at least once. It is characterized by brief
attacks of rotatory vertigo and simultaneous positioning 
rotatory-vertical nystagmus towards the undermost ear, and is
elicited by extending the head or positioning the head or body
towards the affected ear. BPPV can appear at any time from
childhood to senility, but the idiopathic form is typically a 
disease of old age, peaking in the sixth to seventh decade
(women:men � 2:1). It is called benign because it often
resolves spontaneously within weeks to months; in some cases,
however, it can last for years. The canalolithiasis hypothesis of
freely floating ‘heavy otoconia’ is compatible with all features
of BPPV: latency, duration, course of attacks, direction of nys-
tagmus, reversal of nystagmus, fatigability, and, most impor-
tant, the efficacy of positioning ‘liberatory manoeuvres’ of the
head [4]. Brandt and Daroff [5] were the first to devise an effec-
tive exercise programme that required the simple performance
of a series of head-positioning movements. Semont et al. [6]
recommended that the patient’s position should be changed
from the inducing position by a tilt of 180° to the opposite side
(Figure 8.1). In 1992 Epley proposed another variation that
involved turning the patient’s trunk and head into a head-
hanging position [8]. The efficacy of these manoeuvres can also
be explained by the mechanism of canalolithiasis.

VN is the second most common cause of peripheral vestibu-
lar vertigo (the first being BPPV). It accounts for 7% of the
patients who present at outpatient clinics specializing in the
treatment of dizziness [9] and has an incidence of 3.5 per
100,000 population [10]. The key signs and symptoms of VN
are the acute onset of sustained rotatory vertigo, horizontal
spontaneous nystagmus towards the unaffected ear with a
rotational component, postural imbalance with Romberg’s
sign, that is, falls with the eyes closed towards the affected 
ear, and nausea. Caloric testing invariably shows ipsilateral
hyporesponsiveness or nonresponsiveness. In the past, either
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Table 8.1 Relative frequency of different vertigo/dizziness syndromes
diagnosed in a dedicated neurological dizziness unit (n � 5353).

Diagnosis N Frequency (%)

Benign paroxysmal positioning vertigo 992 18.5
Phobic postural vertigo (PPV) 831 15.6
Central vestibular vertigo 669 13.2
Vestibular migraine 553 10.3
Menière’s disease 444 8.3
Vestibular neuritis 409 7.6
Bilateral vestibulopathy 193 3.6
Psychogenic vertigo (without PPV) 193 3.6
Vestibular paroxysmia 173 3.2
Perilymph fistula 22 0.4
Unknown aetiology 214 4.0
Others 630 11.8
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inflammation of the vestibular nerve or labyrinthine ischaemia
was proposed to cause VN. Currently a viral aetiology is
favoured. Herpes simplex virus type 1 (HSV-1) DNA has been
detected on autopsy with the use of polymerase chain reaction
in about two of three human vestibular ganglia [11–15]. This,
as well as the expression of CD8-positive T-lymphocytes,
cytokines, and chemokines, indicates that the vestibular ganglia

are latently infected with HSV-1 [16]. The evidence, however,
remains circumstantial.

The major complaints of vertigo, nausea, imbalance, and a
tendency to fall resolve slowly over a few weeks, and within
3–5 weeks the patient is generally free of them when at rest.
Recovery is a result of a combination of restoration of periph-
eral labyrinthine function (frequently incomplete), substitution
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Figure 8.1 Schematic drawing of the Semont liberatory manoeuvre in
a patient with typical BPPV of the left ear. Boxes from left to right:
position of body and head, position of labyrinth in space, position and
movement of the clot in the posterior canal and resulting cupula
deflection, and direction of the rotatory nystagmus. The clot is depicted
as an open circle within the canal; a black circle represents the final
resting position of the clot. (1) In the sitting position, the head is turned
horizontally 45° to the unaffected ear. The clot, which is heavier than
endolymph, settles at the base of the left posterior semicircular canal.
(2) The patient is tilted approximately 105° towards the left (affected)
ear. The change in head position, relative to gravity, causes the clot to
gravitate to the lowermost part of the canal and the cupula to deflect

downward, inducing BPPV with rotatory nystagmus beating towards
the undermost ear. The patient maintains this position for 3 min. (3) The
patient is then turned approximately 195° with the nose down, causing
the clot to move towards the exit of the canal. The endolymphatic flow
again deflects the cupula so that the nystagmus beats towards the left
ear, now uppermost. The patient remains in this position for 3 min. 
(4) The patient is slowly moved to the sitting position; this causes the
clot to enter the utricular cavity. 
A, P, and H: anterior, posterior, and horizontal semicircular canals,
respectively; Cup: cupula; UT: utricular cavity; RE: right eye; 
LE: left eye [7].
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of the functional loss by the contralateral vestibular system 
as well as by somatosensory (neck proprioception) and visual
afferences, and central compensation of the peripheral vestibu-
lar tonus imbalance. In the course of illness only about 40% of
patients have complete recovery of peripheral vestibular func-
tion after 24 months [17], in 20–30% there is only partial
recovery, and the rest have a persisting unilateral defect.
Therapeutic measures include symptomatic treatment of ver-
tigo and nausea with antivertiginous drugs and a potentially
causal treatment with corticosteroids and antiviral agents.

MD is clinically characterized by recurrent spontaneous
attacks of vertigo, fluctuating hearing loss, tinnitus, and aural
fullness. The American Academy of Ophthalmology and
Otolaryngology, Head and Neck Surgery formulated diagnostic
criteria in 1995 for certain, definite, probable, and possible
MD. Its incidence varies between 7.5 per 100,000 and 160 per
100,000 persons [18]. While the onset of the disease is unilat-
eral, the other ear can also become affected in time. According
to a study on 119 patients with a follow-up of at least 14 years,
bilateral involvement was present initially in 13% and 
developed subsequently in 45% of the patients [19].
Endolymph hydrops is assumed to be the pathological basis of
MD, due either to a too high production or a too low absorp-
tion of the endolymph. The increased endolymphatic pressure
causes periodic rupturing or leakage (by the opening of non-
selective, stretch-activated ion channels [20] of the membrane
separating the endolymph from the perilymph space). It there-
fore makes pathophysiological sense to reduce the production
and increase the absorption of endolymph. The clinical goals of
treating MD are to stop vertigo, reduce or abolish tinnitus, and
preserve hearing or even reverse its loss. Most studies focus on
the severest symptom of MD: recurrent attacks of vertigo.

A plethora of treatment strategies have been suggested for
MD. Destructive procedures involving the lateral semicircular
canal and vestibule have been proposed since 1904. The first
endolymphatic sac decompression was performed in 1926.
This method is still used in some settings despite its evident
ineffectiveness. Restricting salt and fluid intake and diuretics
were first proposed in 1934. Salt restriction and diuretics 
are still recommended, although in one double-blind study
diuretics did not show any effect [21]. Vestibulotoxic drugs
have been in use since 1948; local intratympanic delivery has
been performed since 1956 (see Ref. [22]). It is remarkable
that despite the high incidence of MD and the large number
of studies published on its treatment over the last decades,
there are still only very few state-of-the-art prospective,
placebo-controlled, double-blind trials. Moreover, there are
significant differences in the treatment regimen of MD
between Europe and the USA. In the USA low salt diet,
diuretics, and intratympanic injection of gentamicin and cor-
ticosteroids are preferred. In Europe betahistine is more often
used, in the US rarely. In this context it is remarkable that in an
article on Menière’s disease by Minor et al. [18] from Johns
Hopkins the word betahistine does not even appear. A national

survey among UK otolaryngologists on the treatment of MD
revealed that 94% used betahistine, 63% diuretics, 71% salt
restriction, 52% sac decompression, and approximately 50%
insertion of a grommet [22]. Local gentamicin instillation has
become progressively more popular since its introduction in
the UK 10 years ago: approximately two-thirds of the oto-
laryngologists use this method.

Framing answerable clinical questions and
general approach to search evidence

A consideration of the most effective treatment for the above
three vestibular disorders raises the following questions:
1 Which liberatory manoeuvre is the most effective for
patients with BPPV to free the typical posterior canal of the
heavy causative clot: Semont’s, Epley’s, or Brandt/Daroff’s?
2 Are there any predictive factors for BPPV recurrences in
patients successfully treated by liberatory manoeuvres?
3 Should patients with acute VN be treated with cortico-
steroids or antiviral agents?
4 What is the evidence that central compensation of the
vestibular tonus imbalance in patients with acute VN is facil-
itated by structured physical exercises?
5 Should patients with MD and frequent attacks be treated
with betahistine or intratympanic injections of gentamicin?
To arrive at concrete answers, we searched the literature in
the Medline (1966–2005) and PubMed databases.

Critical review of the evidence for 
each question

1. Liberatory manoeuvres
Which liberatory manoeuvre is the most effective for patients with
BPPV to free the typical posterior canal of the causative heavy clot:
Semont’s, Epley’s, or Brandt/Daroff’s manoeuvre?

Effectiveness of the manoeuvres
Everyone who uses the liberatory manoeuvres is convinced of
their efficacy. It is generally assumed that they are highly effect-
ive for the common posterior canal BPPV in 80–99% of
patients [5,6,8,23,24], and that they are also very cost-effective
procedures [25].

There is, however, no real class I evidence (i.e. quality of
evidence ratings for therapeutic modalities following Brainin
et al. [26]; class I evidence is provided by one or more well-
designed randomized-controlled clinical trials) on the effec-
tiveness of the different manoeuvres or on a comparison of
the three manoeuvres.

In our search for BPPV treatment studies published since
1995 in PubMed and Medline, we found 55 studies that exam-
ined the efficacy of various manoeuvres in patients with 
BPPV of the posterior canal. Only two studies, however, had a
prospective, controlled, and single-blinded design.

Simhadri et al. [23] evaluated (in only 40 patients) the
efficacy of a modified Epley manoeuvre, proposed by Parnes
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and Price-Jones [27]. They showed that it had a success rate
of 95% (versus 15% in the control group) after 1 week. After
6 months the success rate was still 95% (versus 25%) and
after 1 year, 90% (versus 15%). Previously Lynn et al. [24]
had assessed the effectiveness of the Epley manoeuvre with-
out mastoid vibration and medical treatment in 18 patients
with 1-month follow-up and found a success rate of 88.9%.
An overview of both trials is presented in Table 8.2. Since
both studies defined success as absence of vertigo and nystag-
mus during the Dix–Hallpike test, the success rates could be
averaged. This yielded a value of 90% for a total 38 patients.

Eleven further randomized-controlled prospective studies
[28–38] evaluated the efficacy of Epley’s (10 trials), Semont’s
(4 trials), Brandt and Daroff’s (2 trials), or habituation

manoeuvres (1 trial). They are listed in Table 8.2 but were
not included in the meta-analysis presented above because of
substantial methodological deficits. Despite their differences
in definitions of success, follow-up time, and manoeuvres,
we averaged the cited success rates and obtained a value of
approximately 70% for 500 evaluated cases of BPPV (range
51–94% success). Even though this result has marginal
explanatory power, it nevertheless indicates that positioning
manoeuvres in the treatment of BPPV are very efficacious.

Studies that were not of randomized-controlled design are
not listed.

A recent critical meta-analysis [39] of the Epley manoeuvre
also pointed to the absence of sufficient trials on this topic:
‘The 11 studies identified by the search strategy as being trials
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Table 8.2 Liberatory manoeuvre for patients with benign paroxysmal positioning vertigo.

Study Type of study N (female:male)/ Median Follow-up Type of manoeuvre Success Duration of treatment
impaired canal age (years) (N) rate Number of manoeuvres

(%) Carried out by

Simhadri et al. [23] Single blinded, 40 (1:1)/ 41 12 months PRM [27] (20) 90 1 week
randomized controlled, posterior canal Every 3rd hour while 
prospective awake

Patients themselves
Lynn et al. [24] Single blinded, 33 (24:9)/ 68 1 month Epley (18) 89 One session

randomized controlled, posterior canal Mostly four cycles
prospective Audiologist

Li [28] Randomized controlled, 60 n.s./ n.s. 7 days Epley, partially with 51 Not specified
prospective posterior canal mastoid vibration 

(37)
Salvinelli et al.[29] Randomized controlled, 80 (54:26)/ 60 6 months Semont (40) 88 1–3 manoeuvres

prospective posterior canal
Angeli et al. [30] Randomized controlled, 47 (26:21)/ 74 1 month Modified 64 One session

prospective posterior canal Epley (28) 1–3 manoeuvres
Soto Varela et al. [31] Randomized controlled, 106 (73:33)/ 59 3 months Brandt Daroff (11) 62 3/day patients

prospective posterior canal Semont (12) 77 Not specified repeated 
Epley (13) 93 if necessary

Sherman and Randomized controlled, 71 (53:18)/ 54 12 months PRM [27] (18) 83 Not specified
Massoud [32] prospective posterior canal
Wolf et al. [33] Randomized controlled, 41 (23:18)/ 46 6 months Epley (31) 94 Titration manoeuvre 

prospective posterior canal performed weekly
Cohen and Kimball [34] Randomized controlled, 124 (76:48)/ 58 6 months Brandt Daroff (25) – Various parameters 

prospective posterior canal CRP (Epley) (24) – analysed
LM (Semont) (25) –
Habituation –
exercise (25)

Motamed et al. [35] Randomized controlled, 84 (70:14)/ 49 1–1.5 Epley, partially with 68 Not specified
prospective posterior canal months mastoid vibration 

(79)
Asawavichianginda Randomized controlled, 85 (56:29)/ 50 6 months Epley (42) 92 Not specified
et al. [36] prospective posterior canal Physician
Herdman et al. [37] Randomized controlled, 60 (44:16)/ 58 4 months Semont (30) 70 Not specified

prospective posterior canal Epley (30) 57
Froehling et al. [38] Randomized controlled, 50 (32:18)/ 64 10 days Epley (24) 67 Titration

prospective posterior canal
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of the Epley manoeuvre in the treatment of posterior canal
BPPV were generally of low methodological quality, particu-
larly in the key areas of allocation concealment and blinding of
the assessors to outcome. Nine of the studies were excluded
because of concern about a high probability of bias. Only two
trials [24,38] were judged to be of sufficient methodological
quality to be included in the review’ [39]. The meta-analysis of
a total of 83 patients in this study revealed that patients who
perform the Epley manoeuvre are more likely to have com-
plete resolution of their symptoms (odds ratio 4.92 (95% con-
fidence interval 1.84–13.16)) and more likely to convert from
a positive to a negative Dix–Hallpike test (odds ratio 5.67 (95%
confidence interval 2.21–14.56)). The authors concluded 
that further research in this field should consider using a 
rigorous randomization technique with respect to adequate
pre-allocation concealment, the blinding of the outcome
assessors, the inclusion of the post-treatment Hallpike
manoeuvre as an efficacy criterion, and a long-term follow-up
of the patients [39].

In a very careful meta-analysis by White et al. [40] on the
Epley manoeuvre a total of nine randomized-controlled 
trials were identified and included in their analysis; three had
a blinded follow-up (141 patients). The nine trials consisted of
a total of 505 patients with a mean follow-up time of 16 days.
The risk of persistence of BPPV without treatment was 69%,
the risk after a single canalith repositioning manoeuvre was
28% (P � 0.00001; relative risk reduction 61%). The authors
concluded from their analysis that the Epley manoeuvre is a
safe and effective treatment of BPPV. A single treatment ses-
sion resolves BPPV in 72% of the cases.

The following studies dealt with the comparison of different
positioning manoeuvres. A recent retrospective study on 840
patients with posterior canal BPPV compared the effectiveness
of Epley’s with Semont’s manoeuvre [41]. The Epley ‘reposi-
tioning’ manoeuvre was performed on 607 (66%) patients;
the mean number of treatment sessions was 2.98 (range
1–12), 409 (67%) became symptom free, 164 (27%) were sig-
nificantly improved, and 34 (6%) had no change of their
symptoms; Semont’s liberatory manoeuvre was performed
on 233 (25%) patients. The mean number of treatment ses-
sions was 4.34 (range 1–19). In this group 144 (62%) of the
patients became symptom free, 83 (36%) were significantly
improved, and 6 (2%) did not experience any change in
their symptoms.

In another study the efficacy of the three manoeuvres 
was compared in 106 patients 1 week, 1 month, and 3 months
after treatment. The success rate after 1 week was 74% with
Semont’s, 71% with Epley’s, and 24% with Brandt–Daroff’s
manoeuvres and after 3 months 77% with Semont’s, 93%
with Epley’s, and 62% with Brandt–Daroff’s manoeuvres [31].
One study on 62 patients retrospectively evaluated whether
the success rate of Epley’s manoeuvre depends on the aetiology
of the BPPV and demonstrated that it was lower in secondary
BPPV, for example, due to head injury, MD, or VN [42].

A very recent controlled study compared the efficacy of the
Epley, Semont, Brandt and Daroff, and sham manoeuvres and
habituation exercises in 124 patients (each group with 24–25
patients, follow-up of 6 months) [34]. It showed that the
decrease of vertigo after Epley, Semont, Brandt and Daroff
manoeuvres was significantly better than in the sham group
(with no difference between the three treatment groups). The
effect of habituation exercises was not significantly different
neither from the treatment nor the sham group.

Finally, the efficacy of the Epley versus Semont manoeuvre
for self-treatment of posterior canal BPPV was evaluated in 70
patients with posterior canal BPPV [43]. The response rate
after 1 week was 95% in the Epley group and 58% in the
Semont group (P � 0.01). Treatment failure, however, was
due to incorrect performance of the Semont manoeuvre (see
below). This indicates that detailed instruction and monitor-
ing of the correct manoeuvre are necessary in all patients.

All in all, the following conclusions can be drawn: first, so
far only a few methodologically high-quality studies on the
effectiveness of the different liberatory manoeuvres in BPPV
are available; second, the success rate after the first man-
oeuvre seems to be lower and the recurrence rate higher than
previously reported; and third, prospective, randomized, con-
trolled studies in this field are necessary in the future.

Supplementary procedures to the manoeuvres
Li [28] found in a randomized-controlled survey that the suc-
cess rate improved if the procedure is combined with mastoid
vibration; this, however, was not confirmed in a more recent
study [44], mainly because the success rate without vibration
was already very high in the second study. Semont [6] recom-
mended having the patient maintain the upright position for
48 h following liberation, but we have not found this to be nec-
essary. Our view is supported by two prospective and at least
partially controlled studies that showed that post-manoeuvre
restrictions are not necessary in posterior canal BPPV to
improve effectiveness [45,46].

Side effects of the manoeuvres
A possible complication of liberatory manoeuvres is that the
clot leaves the posterior canal but instead of staying in the
utricular cavity enters the anterior (via the common crus) 
or the horizontal canal. Thus, posterior BPPV may convert 
to horizontal or anterior BPPV. This occurred in 5 of 85
patients who originally had typical posterior BPPV (horizontal
canal: 3, anterior canal: 2) after they had undergone libera-
tory manoeuvres [47]. ‘Canalith jam’ is another speculative
description of hitherto unexplained transient phenomena
that rarely occur during physical treatment [48]. Despite suc-
cessful liberatory manoeuvres, many patients complain of
postural vertigo and dizziness when standing and walking
after the liberatory manoeuvres. This may last a few or several
weeks and can be explained by the partial repositioning of the
otoconia towards the otolith organs, namely the utricle (i.e.
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most likely an otolithic vertigo). Patients should be informed
in advance about this side effect of the manoeuvres, which
disappears spontaneously within a few days due to central
compensation and can be improved by exercises.

Failure of manoeuvre treatment
There are several reasons for the failure of treatment with the
manoeuvres described above. First, the diagnosis may have
been wrong, that is, the patient suffered from central pos-
itioning or positional vertigo or nystagmus, bilateral BPPV, or
BPPV of the horizontal or (very rarely) anterior semicircular
canal (see below). Second, the patient may not have per-
formed the manoeuvres correctly, for example, the head rota-
tion in Semont’s liberatory manoeuvre is often performed
incorrectly when the patient moves the body 180° to the non-
affected side or this body movement is performed too slowly so
that the clot moves in the ‘wrong direction’ within the poste-
rior canal. In such cases, the patient should be re-instructed,
and if the symptoms persist, he should be admitted to a hospi-
tal for a few days until the symptoms resolve.

2. BPPV recurrences
Are there any predictive factors for BPPV recurrences in patients
successfully treated by liberatory manoeuvres?

Retrospective [49,50] and prospective [51,52] studies reported
a recurrence rate of 26.8–45%. The follow-up time for men
was 10.2–51.9 months in the retrospective and 9.4–26 months
in the prospective studies. In a recent retrospective long-term
follow-up (6–17 years, mean 10 years) of 125 patients the
overall recurrence rate of 50% was slightly higher than
expected from the previous studies [53]. Eighty per cent of the
first relapses occurred in the 1st year following effective physi-
cal liberatory manoeuvres for canalolithiasis. This was quite
different from conclusions drawn by Nunez et al. [51], who
after applying their recurrence data to a Kaplan–Meier estima-
tion reported a 15% recurrence rate per year. Recurrences
were more often observed in women (58% versus 39%
[49,53], that is, the women:men ratio was 3:2). This correlates
well with epidemiological data indicating a higher prevalence
for BPPV in women [54,55]. Thus, women appear to be more
susceptible to both the first manifestation and to relapses of
BPPV. Two more predictive factors were recently disclosed: a
history of three or more BPPV attacks prior to the initial liber-
atory manoeuvre indicate a higher risk of impending multiple
recurrences for about two-thirds of the patients. The recur-
rence rate of patients in the seventh decade of age is about half
of those in the sixth decade. Spontaneously vigorous head
movements characteristically decrease with increasing age,
and this may explain why otoconia are less often loosened
from their macula layer in the seventh decade.

3. Cortisteroids for acute VN
Should patients with acute VN be treated with corticosteroids or
antiviral agents?

Despite the widely assumed viral cause of VN, the effects of
corticosteroids, antiviral agents, or the two in combination
were still uncertain. A non-blinded study on 36 patients with
VN examined the effects of corticosteroids [56]. Eighteen
patients were treated with steroids over 2 years after symptom
onset; 18 received no treatment. Caloric irrigation showed that
the steroid-treated patients had a better recovery of peripheral
vestibular function (13 of 18, 72%) than nonsteroid-treated
subjects (10 of 18, 55.6%). Steroids also seemed to improve
central vestibular compensation. More recently a prospective,
randomized, double-blind, two-by-two factorial trial was 
performed, in which patients with acute VN were randomly
assigned to treatment with placebo, methylprednisolone
(100 mg/day, doses tapered by 20 mg every 3rd day), valacy-
clovir (1 g 3 times daily for 7 days), or methylprednisolone plus
valacyclovir. Vestibular function was determined by caloric
irrigation, with the use of the vestibular paresis formula (to
measure the extent of unilateral caloric paresis), within 3 days
after the onset of symptoms and 12 months afterwards. A 
total of 141 patients underwent randomization. The mean
improvement in peripheral vestibular function at 12-month
follow-up was 39.6 percentage points in the placebo group,
62.4 percentage points in the methylprednisolone group, 36.0
percentage points in the valacyclovir group, and 59.2 percent-
age points in the methylprednisolone plus valacyclovir group.
Analysis of variance (ANOVA) showed that methylpred-
nisolone had a significant effect, but valacyclovir did not. This
study, therefore, showed that methylprednisolone alone 
significantly improves the recovery of peripheral vestibular
function in patients with VN [57]. Symptom outcome after 12
months was not addressed for two reasons. First, animal
experiments show that steroids improve central vestibular
compensation. Thus, parameters other than vestibular paresis,
such as postural imbalance or ‘vertigo and dizziness’, would
not help differentiate between the effects of steroids on the
recovery of peripheral vestibular function and on central
vestibular compensation. Second, there are no validated scales
for measuring vertigo and dizziness. All in all, this inexpensive
and well-tolerated therapy can be recommended as the phar-
maceutical treatment of choice for VN. An overview of the
results of both studies and information about the therapy’s side
effects is presented in Table 8.3.

4. Physical therapy for vestibular tonus imbalance
What is the evidence that central compensation of the vestibular
tonus imbalance in patients with acute VN is facilitated by struc-
tured physical exercises?

Animal experiments in the monkey and the cat have shown
that spontaneous central vestibular compensation of unilateral
peripheral vestibular lesions can be improved by vestibular
exercises [59,60]. Several authors empirically (without evi-
dence) advocate the early use of exercises to treat patients for
active readjustment of vestibular dysfunctions [61–63]. There
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are, however, only a few clinical studies and only one equiva-
lent prospective randomized-controlled trial on the efficacy of
such physiotherapy in humans who originally had a normal
vestibular function before onset of an acute peripheral vestibu-
lar deficit [64]. To quantify the differential effects of specific
vestibular exercises on central compensation in patients 
with an acute/subacute unilateral vestibular lesion (VN), the
authors determined the time course of recovery of (1) ocular
torsion (OT) for the vestibulo-ocular system, (2) subjective
visual vertical (SVV) for perception, and (3) the sway path (SP)
values for postural control in 19 patients with and 20 patients
without vestibular exercises. All of these patients had had a
persisting peripheral vestibular deficit for at least 30 days (stat-
istical end point). While normalization of OT and SVV was
similar in the control and physiotherapy groups, the SP values
on day 30 after symptom onset significantly differed: 3.2 �

1.9 m/min and 16.9 � 6.1 m/min in the physiotherapy and
control groups, respectively (ANOVA, P � 0.001). This study
proved that specific vestibular exercises improve vestibulo-
spinal compensation in patients with peripheral vestibular
lesions. Moreover, these exercise regimens should begin as
early as possible.

A recent randomized-controlled study on 54 patients with
acute VN who did intensive home exercises demonstrated
that additional physical therapy (12 times in 10 weeks) did
not further improve balance [65].

5. Treatments for MD
Should patients with MD and frequent attacks be treated with
betahistine or with intratympanic injections of gentamicin?

Intratympanic injections of gentamicin
Several studies have been published on the application of
intratympanic gentamicin to treat MD. Initially, multiple
intratympanic injections of gentamicin were given until
patients developed vestibular hypofunction. This led to a good
control of attacks of vertigo, but it was accompanied by a high
rate of sensorineural hearing loss (approximately 50%).
Especially after the delayed onset of ototoxic effects had been
demonstrated [66], the regimen was changed in two ways: 
(1) single instillations at fixed interims of several days or weeks
or (2) single shot injections and follow-up. After the latter reg-
imen, a prospective, uncontrolled study on 57 patients with a
follow-up time of 2–4 years showed that 95% of vertigo
attacks could be controlled [67]. Fifty-three per cent of these
patients needed only one injection of 12 mg gentamicin, 32%
two or three injections.

Of the numerous prospective but not controlled studies pub-
lished since 1995 and found in our search of PubMed, we con-
sidered nine trials to be of sufficient methodological quality
(Table 8.4). They all evaluated the success of gentamicin injec-
tion in accordance with the criteria proposed by the American
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Table 8.3 Treatment of acute vestibular neuritis.

Study Design of study Number Follow-up Treatment group Number of Mean Significance Side effects 
(female:male) (months) (Number) patients improvement (comparison 

improved/ of vestibular to placebo)
number excitability 
of patients (%)*
followed

Kitahara Prospective, 36 (19:17) 24 No treatment (18) 10/18 – Not specified
et al. [56] controlled

Methylprednisolone 13/18 P � 0.07 Not specified
(18)

Strupp Double-blind, 141 (64:77) 12 Placebo (38) 8/30 39.6 – None
et al. [57] randomized, 

controlled
Methylprednisolone 22/29 62.4 P � 0.001 Gastric ulcer with minor 
(35) bleeding (one patient)

Dyspepsia (three patients)
Mood swings (five 
patients)
Hyperglycaemia (two 
patients)

Valacyclovir (33) 10/27 36.0 P � 0.43 None
Methylprednisolone 22/28 59.2 P � 0.001 None
�valacyclovir (35)

*Improvement in percentage points according to Jongkees’s vestibular paresis formula [58]; significant P-values (alpha � 0.05) underlined.

9780727918116_4_008.qxd  2/7/07  2:47 PM  Page 65



Academy of Otolaryngology (AAO) in the version from either
1985 [68] or 1995 [69]. The cited success rates for complete
control of vertigo (AAO class A) ranged from 39.3% to 95%,
with an average of 73.6% for 463 patients.

A recent meta-analysis by Cohen-Kerem et al. on 15 trials
with 627 patients receiving gentamicin injection showed that
complete vertigo control was achieved in about 75% of the
patients and complete or substantial control in about 93%.
The success rate was not affected by the gentamicin treatment
regimen (i.e. fixed versus titration) [70]. Hearing level and
word recognition were not adversely affected, regardless of
treatment regimen. The authors, however, pointed out that

the level of evidence reflected in the relevant articles is insuffi-
cient, especially because of relatively poor study designs: none
of the trials were double blind or had a blinded prospective
control. Meanwhile there is good evidence that the beneficial
effect of gentamicin is due to its damage to the hair cells. A
complete ablation of function, however, does not seem neces-
sary in order to control vertigo [71].

Betahistine
In Europe betahistine is more often used, mainly on the basis of
a study by Meyer in 1985 [80] and more recent meta-analyses
[81–83]. Betahistine is an H1 agonist and H3 antagonist.
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Table 8.4 Intratympanic gentamicin for Menière’s disease.

Study Design Number Mean Follow- Rate of Rate of Recurrence Rate of Mean Treatment protocol:
of study (female: age up complete substantial of vertigo hearing hearing Mean number of injections
(AAO male) years (months) vertigo vertigo (%) loss (%) loss in Dosage of gentamicin per injection
criteria control control PTA Interval of injections
from) (AAO class (AAO class (dB) Remarks

A) (%) B) (%)

Lange Prospective 57 54 �24 95 5 9 None 1.48 (t)
et al. [67] (1995) (29:28) 12 mg

Days: 1, 8, 15

Wu and Prospective 34 52 �24 88 9 29 18 None 2.7 (t)
Minor (1995) (20:14) 10.7 mg
[72] Weekly

Perez Prospective 71 54 �24 69 14 24 16 1.1 3.1 (t)
et al. [73] (1995) (35:36) Uncertain (conc.: 26.7 mg/mL)

Weekly

Quaranta Prospective 15 (6:9) 46 24 86 7 47 7 6 2 (f)
et al. [74] controlled 10 mg

(1995) Weekly

Kaplan Prospective 90 48 �24 84 9 26 None 12 (f)
et al. [75] (1985) (54:46) 18.7–21.4 mg

3/day on 4 subsequent days

Minor Prospective 34 54 6 74 17 21 32 None 2.8 (t)
[76] (1995) (21:13) 8–16 mg

Weekly

Silverstein Prospective 32 65 1 39 10 None 2.1 (f)
et al. [77] (1995) (13:19) 8–13.4 mg

Weekly

Kaasinen Prospective 93 51 24 71 39 8.8 1.82 (t)
et al. [78] (1985) 8–13.4 mg

Daily
Piece of gelfoam placed at the round 
window

Youssef Prospective 37 52 �24 41 46 43 10.4 3.57 (t)
and Poe (1995) (17:20) 30 mg
[79] Weekly

AAO: Academy of otolaryngology; PTA: pure tone audiogram; (f): fixed number of injections; (t): titration of injections.
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It improves the microcirculation by acting on the pre-capillary
sphincters of the stria vascularis [84]. There is evidence that it
reduces the production and increases the absorption of
endolymph. On the basis of our experience with a high
dosage of betahistine-dihydrochloride (48 mg 3 times daily),
we started an open trial, which is currently in progress. A pre-
liminary interim analysis of the effects of high-dosage betahis-
tine on vertigo attacks showed a significant reduction of
attacks after 3 months [85]. These data are the basis for a
recently begun prospective, randomized, double-blind dose-
finding study comparing placebo with 16 mg betahistine-
dihydrochloride 3 times daily and 48 mg, 3 times daily.

Finally, however, it must be pointed out that up to now no
state-of-the-art studies have been conducted in this field
despite the large number of trials. This was also pointed out
by a comprehensive Cochrane Review dedicated exclusively
to the efficacy of betahistine on MD [83]. Due to the great
variability in the long-term course of MD, clinical trials have
to be controlled and double blind; moreover, they require a
large number of patients to have any explanatory power.

Conclusion

The initially raised questions can be answered as follows:
1 The treatment of choice for BPPV due to canalolithiasis of
a posterior canal is one of the cited positioning manoeuvres.
In the majority of studies the Semont and the Epley
manoeuvres were preferred, although the efficacy seems to
be widely independent of the type of manoeuvre used. Even
though the success rates reported in various trials are of the
same order of magnitude, only a few studies of sufficient
methodological quality have been published.
2 The rate of recurrence of BPPV, albeit in retrospective
analyses only, has been explored to a satisfying degree; it
ranges in different studies from 26.8% to 50%. About 80%
of recurrences occur within the 1st year after successful
application of a liberatory manoeuvre.
3 The efficacy of steroids for treatment of VN is evident. The
optimal dosage and duration of therapy still have to be
determined. Another question to be addressed is whether
further improvement can be achieved by administering
antiviral agents very early.
4 Physical exercises for central compensation of tonus
imbalance in the vestibular system due to VN seem benefi-
cial. When exercises are performed correctly by the patients
themselves, no additional physical therapy appears to be
necessary.
5 The treatment of MD by intratympanic gentamicin injec-
tions has been thoroughly examined. Since complete func-
tional destruction of the inner ear is not necessary to
achieve satisfying control of vertigo, a careful titration or
single-shot application is preferable to a series of injections.
A significant and well-designed study on the treatment of
MD with oral betahistine is urgently required.
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Background

Recent years have been marked by a renewed interest of
neurologists in sleep disorders, not only primary sleep dis-
orders such as narcolepsy with or without cataplexy, idio-
pathic hypersomnia with or without long sleep time, restless
legs syndrome, but also sleep disorders associated with neuro-
logical conditions such as rapid eye movement (REM) sleep
behaviour disorder predominantly in synucleinopathies,
obstructive sleep apnoea syndrome in stroke patients or in
neurodegenerative conditions, etc.

Framing clinical questions

In this chapter five different issues will be referred to: obstruct-
ive sleep apnoea syndrome in stroke patients, due to the high
incidence of the phenomenon and the unsettled therapeutic
attitude; narcolepsy, given the recent discovery of the role of
the loss or dysfunction of hypocretin/orexin neurons, both 
in animal models and in humans, and the emergence of a
renewed treatment, sodium oxybate; idiopathic hypersomnia
in consideration of the recent distinction between idiopathic
hypersomnia with and without long sleep time; REM sleep
behaviour disorder (RBD) due to its frequently outdating
appearance of daytime symptoms of Parkinson’s disease and
other synucleinopathies, and insomnia in Parkinson’s disease,
because of its numerous aetiological factors and the complex-
ity of treatment.

Critical review of evidence

1. Sleep disordered breathing and stroke
1 What are the consequences of sleep disordered breathing on the
severity and outcome of stroke?
2 What is the adequate treatment in a stroke patient diagnosed
with obstructive sleep apnoea syndrome?
3 What is the outcome of stroke patients with obstructive sleep
apnoea syndrome treated with continuous positive airway pressure
(CPAP)?

Stroke is the leading cause of disability among adults and the
prevalence of sleep disordered breathing in patients with acute
ischaemic stroke is fairly high (30–70%). This is of major

importance as it has been evidenced that sleep disordered
breathing is strongly associated with increased risk of stroke,
independent of other known risk factors.

Scenario
A 66-year-old male shopkeeper was brought into the emer-
gency room after being found on the floor, at the foot of 
his bed, unable to move his left side. Physical examination
revealed a complete left hemiplegia equally involving face, arm
and leg, and marked inattention to the left side of the body.
Speech was normal and the patient was fully oriented. There
appeared to be sensory deficit on the left to pinch, touch and
to vibration, although examination was difficult because of
neglect of that side. Reflexes were decreased on the left and
left plantar response was extensive. General examination was
remarkable for slight obesity, 83 kg, 1.72 m, body mass index
(BMI) 28.1. Blood pressure was 160/100, pulse 80 and regu-
lar. Neck was short and enlarged and spouse’s interview dis-
closed loud snoring, nycturia, marked fatigue on awakening
and excessive daytime sleepiness for several years. Early com-
puted tomography (CT) scan revealed a decrease in the size of
the right lateral ventricle compatible with early swelling of
the right hemisphere. There was no contrast enhancement.
Polysomnography demonstrated a high respiratory disturb-
ance index of 44 respiratory events per hour of sleep, mainly
obstructive sleep apnoeas, with a mean oxyhemoglobine
saturation of 91% and a minimum of 81%.

Evidence
1 Sleep disordered breathing accompanied by arterial oxyhe-
moglobine desaturation appears to be associated with higher
mortality at 1 year and lower Barthel index scores at discharge
and at 3 and 12 months after stroke [1].
2 Only a few studies are available on the effects of CPAP in
patients with sleep disordered breathing and stroke. In one
trial (non-randomized) the effectiveness of nasal CPAP was
studied in 105 stroke patients (75 males, 30 females) with a
polysomnographically confirmed diagnosis of obstructive sleep
apnoea syndrome (respiratory disturbance index �15) [2].
Thirty-one patients (29.5%) rejected CPAP during the titration
or shortly after, while 74 (70.5%) tolerated it and continued
treatment at home. Subjective well-being was measured with
a visual analogue scale in 41 unselected patients, and 24-h
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blood pressure in 16 patients before and after 10 days of
treatment. Differences were compared between patients who
did and did not accept treatment. Among the 41 unselected
patients the compliant users (n � 28) showed a clear
improvement in well-being (P � 0.021) in comparison with
the 13 patients without acceptance; among the 16 patients, 11
showed a high compliance while 5 did not use CPAP. Only the
compliant patients had a reduction in mean nocturnal blood
pressure. In a second trial 63 patients consecutively admitted
to a stroke rehabilitation unit 2–4 weeks after a stroke, with an
apnoea/hypopnoea index �15, were randomized to either
CPAP treatment (n � 33) or a control group (n � 30) [3]. Both
groups were assessed at baseline and after 7 and 28 nights
using the Montgomery-Asberg-Depression-Rating Scale
(MADRS), Mini-Mental State Examination (MMSE) scale and
Barthel-ADL index. Compared to controls, depressive symp-
toms (MADRS) improved in patients randomized to CPAP
treatment (P � 0.004). On the other hand no significant treat-
ment effect was found with regard to delirium, MMSE and
Barthel-ADL index. Finally a recent study prospectively
analysed the role of long-term CPAP treatment in protecting
stroke patients from new vascular events [4]. A total of 51
patients with an apnoea–hypopnoea index (AHI) � 20 were
included. Two groups were defined: patients who could toler-
ate CPAP (n � 15) and patients who could not tolerate CPAP
after 1 month of initial adaptation (n � 36). The incidence of
new vascular events, evaluated through a follow-up of 18
months, was 6.7% in the patients who tolerated CPAP and
36% in those who did not tolerate CPAP, indicating that CPAP
treatment afforded significant protection against new vascular
events after ischaemic stroke. Worth mentioning is an on
going trial investigating the role of nasal CPAP in the treatment
of sleep disordered breathing in patients who have recently
suffered a stroke [5].
3 CPAP, the main medical therapy for patients with sleep
apnoeas is in theory the most relevant therapy for sleep apnoea
in stroke patients. However compliance with CPAP treatment is
a problem in stroke patients, specially when delirium and
severe cognitive impairment occurs. Also of concern are a low
functional status, as measured by the Barthel index, and the
presence of aphasia. Generally speaking CPAP treatment in
stroke patients requires much support from nurses or family.

In conclusion CPAP treatment brings some improvement in
stroke patients affected with sleep-disordered breathing. This
improvement concerns well-being, mood and protection
against new vascular events. On the other hand delirium,
mental state and Barthel-ADL index are not affected by CPAP
treatment.

2. Narcolepsy with and without cataplexy
1 In a subject suspect of narcolepsy with cataplexy, which tests
should be performed prior to treatment?
2 Which treatment should be implemented? Among patients with
narcolepsy with or without cataplexy, how does pharmacological

treatments affect the probability for reducing daytime sleepiness
and/or cataplexy?
3 Which main difficulties can occur with time in relation with the
treatment?

Narcolepsy with cataplexy is primarily characterized by exces-
sive daytime sleepiness and cataplexy. Excessive daytime
sleepiness is usually the most disabling symptom and the first
one to occur. It is characterized by episodes of naps or lapses
into sleep across the daytime. Cataplexy, a unique feature of
the condition, is characterized by sudden loss of bilateral mus-
cle tone provoked by strong emotions that are usually posi-
tive, such as a fit of laughter, receiving a compliment, humour
expressed by the subject, the sight of prey for the hunter, a
well-caught ball, and less often negative, that is anger or
stress. Sleep paralysis, hypnagogic hallucinations and noctur-
nal sleep disruption commonly occur in patients with nar-
colepsy with cataplexy. These three symptoms, however, can
occasionally, occur in normal people.

Narcolepsy without cataplexy is a minor phenotype of the
same condition. Narcolepsy with cataplexy affects 20–40/
100,000 of the European and North-American population,
depending on the methodology of the surveys. Studies using
both questionnaires and polysomnography find lower preva-
lence of the condition than those relying on questionnaire
only. Both sexes are affected with some preponderance of
males. Narcolepsy without cataplexy is less frequent, but no
prevalence study is available. The natural history of nar-
colepsy varies considerably with subjects. In most cases exces-
sive daytime sleepiness and irresistible sleep episodes persist
throughout the lifetime, although they tend to improve
with advancing age. Cataplexy may vanish with age and even
spontaneously disappear in some patients. Nocturnal sleep
does not improve with age.

Clinical scenario
A 32-year-old secretary complained of excessive daytime
sleepiness and irresistible episodes of sleep occurring daily or
almost daily for the last year. The interview quickly showed
that she had cataplexy at a rate of approximately one attack
per week and hypnagogic hallucinations. The diagnosis of
narcolepsy with cataplexy was confirmed by an all-night
polysomnography followed by a multiple sleep latency test
(MSLT) showing three sleep onset REM periods (SOREMPs).
This woman is on the verge of being fired due to falling
asleep at work.

Evidence
1 Narcolepsy can be diagnosed on purely clinical grounds.
However additional tests are useful to confirm the diagnosis.
Most commonly, nocturnal polysomnography followed by a
MSLT is recommended, and, in a few selected cases, measure-
ment of cerebrospinal fluid (CSF) levels of hypocretin-1. In all-
night polysomnography, a SOREMP is observed in 25–50%
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Table 9.1 Treatment of excessive daytime sleepiness.

Reference Methods Participants Interventions Outcome measures Outcome

Billiard et al. 12-week, placebo- 50 narcolepsy with Modafinil, 300 mg Maintenance of Wakefulness Modafinil improves daytime sleepiness
(1994) controlled trial. cataplexy subjects (2 divided doses) 100 mg Test (MWT)

Crossover design in a.m. and 200 mg at Global Symptoms Index (GSI)
noon or vice versa

Broughton et al. 6-week, randomized 75 narcoleptic subjects Modafinil 200 or 400 mg MWT Modafinil effective in keeping narcolepy
(1997) placebo-controlled in divided doses (morning Epworth Sleepiness Scale patients awake

trial. Crossover and noon), versus placebo (ESS)
design

US Modafinil in 9-week, randomized 283 narcoleptic subjects Modafinil 200 or 400 mg, ESS Modafinil 200 mg and 400 mg 
Narcolepsy Study placebo-controlled versus placebo, followed MSLT significantly reduced all measures of 
Group (1998) trial by an open-label MWT sleepiness

treatment period GSI

US Modafinil in 9-week, randomized 271 narcoleptic Modafinil 200 or 400 mg MSLT Effective for treatment of daytime 
Narcolepsy Study placebo-controlled subjects versus placebo MWT sleepiness  in narcolepsy for 9 weeks
Group (2000) trial ESS

US Xyrem 4-week, 136 narcolepsy with Sodium oxybate, 3, 6, Daily diaries (n° of inadvertent Frequency of inadvertent naps/sleep attacks
Multicenter Study randomized cataplexy subjects or 9 g, versus placebo naps/sleep attacks) and nightime awakenings, reduced at all doses,
Group (2002) placebo- ESS becoming significant at the 9 g dose

controlled trial Clinical Global Impression of ESS reduced at all doses, becoming significant
Change (CGI-c) at the 9 g dose

CGI-c demonstrated a dose-related
improvement, significant at the 9 g dose

US Xyrem 12-month, open- 118 narcolepsy with Sodium oxybate 6 g Daily diaries (n° of inadvertent Overall improvement in excessive daytime
Multicenter label trial cataplexy subjects nightly, taken in equally naps/sleep attacks) sleepiness, which were significant at 4 weeks
Study previously enrolled in a divided doses at ESS and maximal after 8 weeks
Group (2003) 4-week double-blind bedtime and 2.5–4 h CGI-c

sodium oxybate trial later. The study protocol 
permitted the dose to be 
increased or decreased 
in 1.5 g increments at 
2 week intervals, based on
efficacy response or 
adverse experiences,
but staying within the
range of 3–9 g nightly
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Table 9.2 Treatment of cataplexy.

Reference Methods Participants Interventions Outcome measures Outcome

The US Xyrem 4-week, randomized 136 narcolepsy Sodium oxybate, 3, 6, or 9 g, versus placebo Daily diaries (n° of cataplectic Weekly cataplectic attacks were
Multicenter Study placebo-controlled with cataplexy attacks) decreased by sodium oxybate at the
Group (2002) trial subjects CGI-c 6 g dose and significantly at the 9 g 

dose
CGI-c demonstrated a dose-related 
improvement, significant at the 9 g 
dose

US Xyrem Method: 12-month, 118 narcolepsy Sodium oxybate 6 g nightly, taken in equally Daily diaries (n° of cataplexy Significant decrease in frequency of 
Multicenter Study open-label trial subjects previously divided doses at bedtime and 2.5–4 h later. attacks) cataplexy attacks
Group (2003) enrolled in a The study protocol permitted the dose to be CGI-c

4-week double- increased or decreased in 1.5 g increments at
blind sodium 2-week intervals based on efficacy response or
oxybate trial adverse experiences, but staying within the

range of 3–9 g nightly

US Xyrem Double-blind 55 narcolepsy Subjects enrolled in a 2-week single-blind Daily diaries (n° of cataplexy The abrupt cessation of sodium
Multicenter Study treatment withdrawal with cataplexy sodium oxybate treatment phase to establish attacks) oxybate therapy in the placebo patients
Group (2004) paradigm in subjects a baseline for the weekly occurrence of resulted in a significant increase in the

patients who had cataplexy, followed by a 2-week double-blind number of cataplexy attacks compared
received continuous phase in which patients were randomized to to patients who remained on sodium
treatment with receive unchanged drug therapy versus oxybate
sodium oxybate for placebo
7–44 months (mean
21 months)

Xyrem 8-week, double- 22 narcolepsy Subjects randomized to receive 4.5, 6 or 9 g Daily diaries (n° of cataplexy Compared to placebo, nightly doses of
International blind, placebo- with cataplexy sodium oxybate nightly for 8 weeks versus attacks) 4.5, 6 and 9 g sodium oxybate resulted
Study Group controlled subjects placebo in statistically significant median
(2005) decreases in weekly cataplexy attacks of

57.0%, 65.0% and 84.7%, respectively.
The decrease in cataplexy at the 4.5 g
dose represented a novel finding
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of cases of narcolepsy with cataplexy and is a highly specific
finding. In addition a disruption of the normal sleep pattern
with repeated awakenings is a frequent feature. The MSLT
demonstrates a mean sleep latency of less than 8 min and
two or more SOREMPs. However a few typical cases of nar-
colepsy may have only one SOREMP or even none, specially
in elderly subjects. Measuring CSF levels of hypocretin-1 is
highly specific and sensitive for the diagnosis of narcolepsy
with cataplexy. Values below 110 pg/mL are found in approxi-
mately 90% of cases of narcolepsy with cataplexy. However
due to the limited number of laboratories providing this ser-
vice, the test should be used in a few selected indications only:
need to objectively document a diagnosis when the MSLT
cannot be used; already treated patients if the diagnosis is in
doubt; in young children and in cases with associated psy-
chiatric or neurological disorders. This test is of much less
value in narcolepsy without cataplexy as only 10% of patients
show low values [6].
2 The two more recently introduced treatments of excessive
daytime sleepiness, modafinil and sodium oxybate, are the
most commonly used agents in newly diagnosed narcoleptic
patients (Table 9.1, [7–12]). Modafinil is given at a daily dose
of 400 mg (range 100–400 mg), with one dose in the morn-
ing and one dose early in the afternoon. One of the major
advantages of modafinil is its relative lack of adverse effects.
It can be administered concurrently with anticataplectic med-
ications without problems. Sodium oxybate (not yet regis-
tered for excessive daytime sleepiness in Europe) is taken
orally upon getting into bed and again 2.5–4 h later. The cur-
rent recommended starting dose is 4.5 g/day divided into
two equal dose of 2.25 g. The dose may be increased to a
maximum of 9 g/day by increments of 1.5 g. Two weeks are
recommended between dosage increments. In addition to
either modafinil or sodium oxybate, behavioural measures
are always advisable, the main recommandation being to take
naps during the day, on a patient-by-patient basis. Previous
treatments included methylphenidate, 10–60 mg/day, and in
case of non-response, dextroamphetamine or methamphet-
amine under close control.

Treatment of cataplexy relies on sodium oxybate with 
the same mode of administration already recommended for
excessive daytime sleepiness (Table 9.2, [11–14]). Second
line treatments include tricyclic antidepressants, mainly
clomipramine selective serotonine reuptake inhibitors (SSRIs),
such as fluoxetine or fluvoxamine, a norepinephrine uptake
inhibitor, viloxazine, a norepinephrine and serotonine uptake
inhibitor, venlafaxine. However the use of these drugs is
based on no or few randomized, placebo-controlled clinical
trials, and none of them is registered forcataplexy except
clomipramine in few European countries.

Benzodiazepines or non-benzodiazepine hypnotics may be
effective in consolidating sleep. Unfortunately objective evi-
dence is lacking over intermediate or long-term follow-up.
According to US Xyrem studies [11–12], a significant decrease

of nighttime awakenings is obtained with sodium oxybate
3–9 g, given in two doses, one at bedtime and another one
during the night.
3 As already pointed out adverse effects are limited with
modafinil. Headache is the most common complaint followed
by nausea, rhinitis and nervousness. As for sodium oxybate
most commonly reported adverse effects include vomiting,
incontinence, sleepwalking and confusion, in a limited num-
ber of cases. However some patients do not respond to stimu-
lants or to anticataplectic drugs or both; some patients show an
insufficient response and in some patients an originally good
response progressively fades out with time. This is the reason
why novel therapies are in a phase of research, either hypocre-
tin-based therapies (peptide agonists, non-peptide agonists
and cell transplantation or gene therapy) or immune-based
therapies (steroid therapies, intravenous-immunoglobulins or
plasmapheresis [15].

3. Idiopathic hypersomnia with and without long
sleep time
1 In a subject complaining of excessive daytime sleepiness, prolonged
night sleep and difficulty in awakening, which diagnosis should be
evoked and which tests should be performed?
2 Which treatment should be established?
3 What is the outcome of the treatment of idiopathic hypersomnia
with long sleep time?

There are two types of idiopathic hypersomnia, idiopathic
hypersomnia with long sleep time and idiopathic hypersomnia
without long sleep time. Idiopathic hypersomnia with long
sleep time is remarkable for three symptoms: a complaint of
constant or recurrent daily excessive sleepiness and unwanted
nap(s), longer and less irresistible than in narcolepsy and non-
refreshing regardless of their duration; night sleep is sound,
uninterrupted and prolonged; morning awakening is laborious
and sometimes referred to as sleep drunkenness; associated
symptoms suggesting an autonomic nervous system dysfunc-
tion, such as cold hands and feet, light headedness on standing
up, fainting episodes and headache, are not uncommon. Idio-
pathic hypersomnia without long sleep time stands as isolated
excessive daytime sleepiness. Daytime sleep episodes may be
more irresistible and more refreshing than in idiopathic
hypersomnia with long sleep time, establishing a bridge with
narcolepsy without cataplexy. Abnormally long sleep or sleep
drunkenness are not features of the condition.

Due to long standing nosological uncertainty and the relative
rarity of the condition, prevalence studies have not been 
conducted so far. However a ratio of one to two patients with
idiopathic hypersomnia, either with or without long sleep time,
for every 10 with narcolepsy, is suggested from clinical series.

Clinical scenario
A 24-year-old department manager working on morning shift
(6:00–14:00) was referred for great difficulty waking up in the

9780727918116_4_009.qxd  2/7/07  2:47 PM  Page 74



morning. He first got remarks from his superiors and is now
on the verge of being fired. This is all the more upsetting to
him as he had good marks in his job when he was working on
the afternoon shift and had no problem being in time at his
work. The subject developed excessive daytime sleepiness and
difficulty waking up in the morning during late adolescence.
He reports having to be awakened by his parents with major
difficulty. Today he lives alone. He does not wake up to the
ringing of the alarm clock or to the wake up call. He has to use
a repeating alarm clock and when he eventually wakes up he
is almost confused, very slow and unable to react adequately to
any event. During daytime he complains of being more or less
drowsy, and when he takes an afternoon nap he may sleep
for up to 3–4 h experiencing the same difficulty to wake up.

Evidence
1 The scenario refers to a typical case of idiopathic hyper-
somnia with long sleep time. However laboratory tests are
essential to confirm the diagnosis and rule out other hyper-
somnia conditions. Polysomnographic monitoring of noctur-
nal sleep demonstrates normal sleep except for its prolonged
duration. Non-REM (NREM) sleep and REM sleep are in nor-
mal proportions. The MSLT demonstrates a mean sleep latency
less than 8 min, with some exceptions however, and less than
two SOREMPs. However the MSLT seems questionable.
Indeed, awakening the patient in the morning in view of the
first session of the test precludes documenting the abnor-
mally prolonged night sleep, and the MSLT sessions preclude
recording of prolonged unrefreshing daytime sleep episode(s)
of major diagnostic value. Thus other procedures are of
potential interest: a 1-week actigraphy or a 24-h continuous
polysomnography on an ad-lib sleep/wake protocol. Differ-
ential diagnosis includes upper airway resistance syndrome,
hence the need for monitoring oesophageal pressure during
sleep in the case of multiple arousals documented on poly-
somnography; narcolepsy without cataplexy characterized
by the presence of two or more SOREMPs on the MSLT;
hypersomnia associated with psychiatric disorder, in which
the complaint of excessive daytime sleepiness is rather simi-
lar to that of idiopathic hypersomnia with long sleep time,
with the exception of frequent poor sleep at night and nor-
mal sleep latency on the MSLT; post-traumatic hypersomnia
in which past-history is remarkable for recent severe head
traumatism; hypersomnia following a viral infection such as
pneumonia, infectious mononucleosis or Guillain–Barré syn-
drome, where hypersomnia develops within months after
the infection; chronic fatigue syndrome characterized by per-
sistent or relapsing fatigue not resolving with sleep or rest and
polysomnography with frequent evidence of alpha intrusion
into sleep electroencephalogram (EEG).
2 Historically the only medications, that have often brought
partial or intermittent relief, have been the stimulants, par-
ticularly methylphenidate and amphetamine. Randomized,
placebo-controlled trials are lacking in idiopathic hypersomnia

with long sleep time and idiopathic hypersomnia without
long sleep time. The only available study is an open-label
study of modafinil in 18 patients with idiopathic hypersom-
nia taken globally, dating back to 1988 [16]. In this study
the clinical diagnosis was confirmed by a 24-h polysomnog-
raphy. Drowsiness and sleep episodes were evaluated through
sleep diary data. During the second month of treatment drowsi-
ness and sleep episodes were significantly reduced. However
duration of night sleep and difficulty in awakening were not
considered. Apart from this study there are some clinical
reports of morning sleep drunkenness being reduced by
administering a small dose of stimulant in the evening or
immediately after morning awakening. In addition a recent
study reported decreased sleep drunkenness, shortened noc-
turnal sleep duration and relieved daytime sleepiness in five
out of ten subjects with idiopathic hypersomnia with long
sleep time treated with melatonin (2 mg of slow release
melatonin administered at bedtime) [17].

Behavioural treatment possibilities are limited. Naps are 
of no help as they are both lengthy and non-refreshing.
‘Saturating’ the subjects with sleep on weekends has been
recommended, but does not seem to have a sustained effect.
3 The prognosis for spontaneous improvement of idiopathic
hypersomnia is poor. The condition almost always has a sta-
tionary course and persists into old age. Clinical experience
indicates that modafinil has a sustained effect in some sub-
jects while its effects vanish with time in others.

4. RBD in Parkinson’s disease
1 In a subject with RBD what are the main actions to engage before
starting a treatment?
2 What are the available treatments of RBD?
3 What is the outcome of RBD with the various treatments available?

RBD is characterized by abnormal behaviours emerging during
REM sleep that cause injury or sleep disruption. RBD is associ-
ated with electromyographic (EMG) abnormalities during REM
sleep. The EMG demonstrates an excess of muscle tone or pha-
sic EMG twitching activity during REM sleep. There are two
forms of RBD, an idiopathic form and a form associated with
neurological disorders, mainly synucleinopathies, narcolepsy
and other neurological conditions. The most remarkable aspect
of the association between synucleinopathies and RBD is that
the latter can precede the development of the former by years.
Idiopathic RBD is becoming progressively scarce (and may
cease to exist) as more patients with RBD are being thoroughly
evaluated and meticulously followed for prolonged periods.
RBD is a male predominant disorder that usually emerges after
the age of 50 years. The prevalence is not known. In a study
aimed at evaluating the frequency of RBD in a large group
of unselected patients with Parkinson’s disease, one-third of
patients with Parkinson’s disease met the diagnostic criteria
of RBD based on polysomnographic recordings. Only one
half of these cases could have been detected by history.
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Clinical scenario
A 66-year-old architect was referred for a 7-year history of
progressively severe and injurious dream-enacting behaviour.
He would frequently kick the wall, punch his pillow and
sometimes bit his wife in bed or grab her by the hair while
dreaming that he was confronted or attacked by unfamiliar
people or animals. One night while dreaming that his daugh-
ter was attacked by a man he violently punched his wife. This
patient was diagnosed recently with Parkinson’s disease. Over-
night polysomnography demonstrated classic RBD findings
with intermittent loss of REM atonia and increased phasic
twitching during REM sleep of the submental, anterior tib-
ialis, and extensor digitorum muscles.

Evidence
1 Thorough evaluation for an underlying neurological disor-
der, particularly synucleinopathy (Parkinson’s disease, multi-
ple system atrophy and dementia with Lewy bodies) that
may develop years later, narcolepsy or another neurological-
condition. Also, given medications being recognized as an
increasingly precipitating factor, to screen for venlafaxine,
SSRI, mirtazapine and other antidepressant agents.
2 The most frequently prescribed treatment of RBD is clon-
azepam. Treatment is usually immediately active at a dose of
0.5–1.0 mg at bedtime [18]. Despite the dramatic control of
clinical symptoms, clonazepam has little effect on the char-
acteristic polysomnographic REM sleep abnormalities. Clon-
azepam is generally effective and safe. All instances of drug
discontinuation result in prompt relapse. An alternative
treatment is desirable for those with RBD refractory to clon-
azepam, for those who experience disturbing adverse effects,
mainly excessive daytime sleepiness or ataxia, for those who
develop tolerance and for those in whom clonazepam aggra-
vates obstructive sleep apnoea syndrome. In these subjects
melatonin is of definite value. According to Boeve et al. RBD
was either controlled or significantly improved in 10 out of
14 patients, at doses of 3–12 mg [19]. The mean duration of
follow-up was 14 months (range 9–25 months), with eight
patients experiencing continued benefit with melatonin
beyond 12 months of therapy. However five patients reported
adverse effects, morning headaches in two, morning sleepi-
ness in two and delirium/hallucinations in one. These symp-
toms resolved with decreased dosage. Another possibility is
pramipexole, a dopaminergic D2–D3 receptor agonist, which
was shown to be active in five out of eight patients with
apparent idiopathic RBD [20].
3 Long-term outcome of RBD with available medications
are the following. The main risk of clonazepam is the devel-
opment of tolerance although little evidence of it was reported
in the clinical outcome of 70 consecutive cases with RBD [18].
As for melatonin the actual risk of protracted consumption
remains unknown. Preliminary observations suggest that long-
term melatonin administration is associated with decreased
semen quality, but the antigonadal effects of exogenous

melatonin on the reproductive hormones are not conclu-
sively established.

5. Insomnia in Parkinson’s disease
1 In Parkinson’s disease patients what should be done first for
those complaining of insomnia?
2 In this particular patient which therapeutic programme can be
proposed?
3 What is the outcome of insomnia?

Parkinson’s disease is primarily a disease of the elderly. The
prevalence increases with age from 0.9% among persons
65–69 years old to 5% among persons 80–84 years old. Sleep
problems are common. In one series of insomniac patients
with Parkinson’s disease, 67% had difficulty initiating sleep
and 88% had difficulty maintaining sleep. Insomnia in
Parkinson’s disease patients may depend on several factors,
including Parkinson’s disease related motor symptoms occur-
ring at night, use of drugs altering sleep, psychiatric symptoms
and specially depression, dementia and other sleep disorders.

Scenario
A 65-year-old retired bus driver, affected with Parkinson’s
disease for 7 years, was referred for insomnia. The subject
complained of frequent awakenings throughout the night,
specially in the second half of it, of decreased total sleep time
and of daytime fatigue. Moreover, the interview of the sub-
ject revealed awakenings associated with paraesthesias of the
legs forcing him to get up and walk around. On examination
the subject was very slow in his movements and often sat
motionless with an expressionless face. His right hand shook.
There was cogwheel rigidity of his right wrist and a shuffling
gait. Wearing off had developed within the last 6 months.
There was no obvious cognitive impairment but some degree of
depression. The treatment was carbidopa/levodopa (Sinemet)
250 mg � 4, ropinirole 3 mg � 4 and zolpidem one tablet at
night.

Evidence
1 Given the plurality of possible contributing factors, it is of
utmost importance to assess the respective part of each of
the factors involved in the insomnia of a Parkinson’s disease
patient. Parkinson’s disease related nocturnal motor symptoms
most often reflect the presence of motor fluctuations («on off»
phenomena, «wearing off») during the day and are often
due to nocturnal underdosage of dopamine drugs. In addi-
tion nocturia and urinary incontinence may participate in
the disturbance of sleep. Accordingly, a careful description
from both the patient and his (her) spouse is essential to
determine the behaviour of the patient during the night.
Drug regimen and the time of day when drugs are taken
must be considered, given their ability to alter sleep patterns
in patients with Parkinson’s disease. Another issue is a fre-
quent underlying depression and/or cognitive impairment
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which are associated with sleep fragmentation and sleep-
wake cycle disruption. Finally Parkinson’s disease patients may
suffer from other sleep disorders such as restless legs syndrome,
obstructive sleep apnoea syndrome or RBD. Polysomno-
graphy may be indicated in some cases.
2 The severity of nocturnal disturbances in Parkinson’s dis-
ease patients contrasts with the paucity of clinical trials
specifically designed for the treatment of these Parkinson’s
disease related sleep disturbances. In the above referred sce-
nario Parkinson’s disease related motor symptoms were
obviously important, particularly in the second half of the
night. Consequently, adding a small dose of dopaminergic med-
ication at bedtime such as 100 mg of L-dopa combined with
25 mg of carbidopa (Sinemet 25/100), with a second similar
dose at 2 or 3 a.m. if the patient awakens is a possible option.
Alternatively a bedtime dose of a controlled release formula-
tion containing 200 mg of L-dopa and 50 mg of carbidopa 
can be proposed [21–22]. Moreover, adding a catechol-O-
methyltransferase (COMT) inhibitor may be useful to pro-
vide a long-acting antiparkinsonism benefit. Due to the
variability of response to dopaminergic medications, trials of
several different agents in varying doses are usually warranted
if sleep is not improved. Of note is that dopaminergic medica-
tions may induce sleep problems such as vivid dreams or
nightmares. In addition, this patient was probably affected
with restless legs syndrome responsible for awakenings with
paraesthesias of the legs. However, the patient was already
under dopamine agonists which have been proved to be
effective in treating restless legs syndrome and the dose
required to treat restless legs syndrome tends to be lower than
that used to treat motor symptoms of Parkinson’s disease
[23]. Finally treatment of the associated depression may
lead to an improvement of nocturnal disturbances. One pos-
sibility is tricyclic antidepressants. SSRIs can also be an
option but they have an activating effect and tend to
increase disruption of normal sleep architecture [24].
3 The global evaluation of nocturnal disturbances and the
chosen therapeutic intervention should improve the noctur-
nal disturbances experienced by this patient. However it must
be kept in mind that management of nocturnal disturbances
may sometimes be at the expense of some other symptoms
of Parkinson’s disease, to the point that it may be advisable
in some cases not to treat nocturnal disturbances.

Conclusion

Much effort has been put in further identifying sleep disor-
ders and sleep disorders associated with neurological condi-
tions, and in designing relevant laboratory tests. On the
other hand most of the available therapeutic interventions
refer to common sense-based practice and there is still 
an urgent need for randomized-controlled trials in many
areas of sleep disorders, to assess the validity of the current
interventions.
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Background

Disorders of language, spatial perception, attention, memory,
calculation and praxis are a frequent consequence of acquired
brain damage (in particular, stroke and traumatic brain injury
(TBI)) and a major determinant of long-term disability. The
possibility to effectively rehabilitate aphasia and other cognitive
disorders can thus be expected to have a considerable impact
on the burden of neurological disease. Many different treat-
ment approaches have been suggested. While the early treat-
ments were developed on a purely empirical basis, in recent
years there has been an effort to propose rehabilitation proce-
dures based on the limited available knowledge of the neuro-
science of recovery and on models of learning. Evidence about
the effectiveness of cognitive rehabilitation is limited, with only
a small number of randomized controlled trials (RCTs) which
are generally of low quality. There is a need for adequately
designed studies in this area, which should take into account
specific problems such as patient heterogeneity, and the diffi-
culties in the standardization of treatment techniques.

Framing clinical questions and general
approach to search evidence

The review deals with the rehabilitation of non-progressive
neuropsychological disorders due to stroke and traumatic
brain damage (TBI):
• Aphasia
• Unilateral neglect (ULN)
• Attention disorders
• Memory problems
• Apraxia
• Acalculia.
Other relevant areas, such as the non-pharmacological treat-
ment of dementia and of psychiatric disorders, and the rehabili-
tation of developmental cognitive disorders, are not considered
here. The present chapter is largely based on the recent update

and revision of the Guidelines on Cognitive Rehabilitation
produced by the Task Force on Cognitive Rehabilitation under
the auspices of the European Federation of Neurological
Societies [1].

Critical review of the evidence for 
each question

1. Rehabilitation of aphasia
Among patients with aphasia due to stroke or TBI how does language
therapy (professional) compared to no-therapy (or non-specific treat-
ment provided by non-professionals) improve language and communi-
cation? Is more intensive treatment compared to less intensive treatment
better in improving language function?

The rehabilitation of speech and language disorders following
brain damage is the area of intervention for acquired cogni-
tive deficits with the longest tradition, dating back to the 19th
century [2]. It has been shown that 38% of patients who
present with an acute stroke demonstrate an aphasic syn-
drome [3]. The most important prognostic factors for recovery
are severity, lesion size and time post-onset. Severity of apha-
sia in stroke patients is associated with poor functional out-
come and an increased (doubled) mortality rate at follow-up
[4,5]. Age does not appear to play a role independent of other
factors, such as co-morbidity [6]. Less is known about aphasia
associated to closed head injury and other lesions, such as
tumours and tumour resections that involve the language
areas of the brain. Language disorders appear to be milder in
tumour patients, in comparison with strokes of similar loca-
tion and extent, and complete recovery is more likely in trau-
matic than in vascular aphasia [7]. Some degree of spontaneous
recovery can be observed in most patients with aphasia due to
non-progressive brain diseases.

A variety of approaches have been applied to the rehabili-
tation of aphasia [8]. Stimulation-facilitation is based on the
assumption that language abilities, rather than lost, become
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inaccessible after brain damage. The treatment approach is
centred on language comprehension, in particular in the
auditory modality, and aphasia is considered as a unitary dis-
order, with individual patients differing in term of the severity
of impairment, rather than on the specific features of linguis-
tic breakdown. Behavioural modification emphasizes the
behavioural approach to the learning process, and is an appli-
cation to aphasia treatment of programmed instruction based
on operant conditioning. The techniques include shaping and
fading, and other principles of behaviour modification, which
are incorporated in many other treatment approaches. Neo-
associationism includes several treatment programs, which
focus on a detailed psycholinguistic and neurological descrip-
tion of the classic aphasic syndromes [9], and comprise very
heterogeneous approaches, such as Melodic Intonation Ther-
apy and Treatment of Aphasic Perseveration. The neurolin-
guistic-cognitive approach originates from the early attempts
to apply linguistic theory to aphasia in the sixties and seven-
ties, and flourished with the development of cognitive neu-
ropsychology. The emphasis is on detailed assessment of
language in single cases, and analysis of the pattern of linguis-
tic dysfunction on the basis of a model of normal processing,
resulting in a ‘functional’ diagnosis. The assumption is that a
precise identification of the locus of functional damage pro-
vides the grounds for a rational intervention [10]. Finally,
pragmatic approaches aim at improving the patient’s ability to
communicate, regardless of the linguistic or non-linguistic
strategies. In the most widely known programme, Promoting
Aphasics’ Communicative Effectiveness (PACE) [11], thera-
pist and patient are engaged in situations in which they
exchange ‘real’ information. Pragmatic principles are now
incorporated in many eclectic treatment programmes, with
a particular indication for severe aphasia.

The need to establish the effectiveness of aphasia rehabilita-
tion has stimulated a number of investigations that are based
on a variety of methodologies. There is one systematic review
of studies limited to post-stroke aphasia that addresses the
effectiveness of language rehabilitation and covers articles
about speech and language rehabilitation up to January 1999
[12]. The conclusion of the review is that ‘speech and lan-
guage therapy treatment for people with aphasia after a stroke
has not been shown either to be clearly effective or clearly
ineffective within an RCT. Decisions about the management of
patients must therefore be based on other forms of evidence.
Further research is required to find out if speech and lan-
guage therapy for aphasic patients is effective. If researchers
choose to do a trial, this must be large enough to have 
adequate statistical power, and be clearly reported.’ This con-
clusion is based on 12 studies all of which were considered
of poor quality.

Including lower classes of evidence has led other authors to
different conclusions [13,14]. The findings of three large stud-
ies all indicate significant benefits of treatment [15,16,17].
Single case studies have also shown large treatment effects

in aphasic patients [18]. Some of the RCT comparing therapy
with unstructured stimulation were based on a very limited
number of treatment sessions. A recent meta-analysis [19]
found a significant treatment effect if treatment was frequent
and intensive over a short period of time (8.8 h of therapy per
week for 11.2 weeks), compared to less frequent and inten-
sive treatment over a long period of time (approximately 2 h
per week for 22.9 weeks). Total length of therapy was signifi-
cantly inversely correlated with mean change in Porch
Index of Communicative Abilities (PICA) scores. The num-
ber of hours of therapy provided in a week was significantly
correlated to greater improvement on the PICA and the
Token Test. These results indicate that an intense therapy
programme provided over a short period of time can improve
outcomes of speech and language therapy for stroke patients
with aphasia.

2. Rehabilitation of ULN
Among patients with unilateral spatial neglect due to stroke how
does the visual or visuo-spatial training improve attentional skill or
general disability?

ULN is a frequent manifestation of damage to the right hemi-
sphere. In the Copenhagen study, ULN was present in 23% of
stroke patients in the acute stage [20]. The presence of ULN
beyond the acute stage has been associated with poor outcome
in terms of independence [21] and considerable effort has
therefore been devoted to its rehabilitation. Several recent
reviews are available [22,23,24], including the Cochrane
Systematic Review [25]. The latter analysed 15 studies and
found evidence that ULN rehabilitation resulted in significant
and persisting improvements in performance on impairment
level assessments. There was, however, insufficient evidence
to confirm or exclude an effect of cognitive rehabilitation at
the level of disability or return to home following discharge
from hospital. Several different approaches are currently used
for neglect rehabilitation. Visual scanning training was shown
to improve significantly neglect in one class I study [26].
Spatiomotor or visuospatiomotor cueing improved neglect sig-
nificantly in another class I study [27]. There is less evidence
for the effectiveness of combined training of visual scanning,
reading, copying and figure description, visual cueing with
kinetic stimuli, video feedback and visuomotor feedback, train-
ing of sustained attention, increasing of alertness or cueing
of spatial attention.

Several studies investigated effects that aimed at influencing
multisensory representations. Generally, these studies demon-
strated transient effects, lasting little longer than the end of the
appropriate stimulation. The methods include vestibular stimu-
lation by cold-water infusion into the left outer ear canal 
[28], galvanic vestibular stimulation, transcutaneous electrical
stimulation of the left neck muscles, neck muscle vibration
and changes in trunk orientation. The use of prism goggles
deviating by 10 degrees to the right, introduced relatively
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recently, was shown to improve significantly, in a transient
fashion, neglect symptoms [29,30]. Computer training was
note effective in one class I study [31]. A more recent class II
study showed statistically significant improvement in wheel
chair mobility [32].

In conclusion, there is evidence for the effectiveness of
visual scanning training and of visuo-spatio-motor training in
ULN. Lower levels of evidence are available for the combined
training of visual scanning, reading, copying and figure
description, trunk orientation, neck vibration and forced use of
left eye. Other treatments need to be tested in further studies
such as the use of prism goggles, video feedback, training of
sustained attention and alertness, chaloric or galvanic vestibu-
lar stimulations as well as transcutaneous electrical stimulation
of neck muscles. Visual cueing with kinetic stimuli and the use
of computers in neglect rehabilitation remain controversial.

3. Rehabilitation of attention disorders
Among patient with attention disorders due to acute or sub-acute
TBI or stroke, how does attentional training improve concentration
and alertness or reduce general disability?

Attention deficits follow many types of brain damage,
including stroke and TBI [33]. The Cochrane Review [34]
identified two studies [35] showing that attention training
improved sustained attention in stroke. A very important
distinction is between studies conducted in the acute and
post-acute stage. In the acute stage, one class I study [36] com-
pared the effectiveness of focused treatment consisting of
sequential, hierarchical interventions directed at specific atten-
tion mechanisms versus unstructured intervention consisting
of non-sequential, non-hierarchical activities requiring mem-
ory or reasoning skills. Both groups improved to a similar
degree and the observed improvements are probably due to
spontaneous recovery. One class II study [37] used a multiple
baseline design across subjects and evaluated a programme
for the remediation of processing speed deficits in patients
with severe TBI. Although the authors reported no benefit
or generalization of effects of attention training there was
improvement in some patients when practice on attention
training tasks was combined with therapist feedback and
praise. In another class II study [38], subjects with lateralized
stroke showed beneficial effects of attention training on five
of 14 outcome measures, especially on measures of perceptual
speed and selective attention in left hemisphere lesions. Three
class I studies assessed the attention treatment effectiveness
during the post-acute period of rehabilitation [39,40,42]. In
one study [39] patients with attention dysfunction showed
marked improvement immediately after training on two
measures of attention; however, when premorbid intelligence
score and time since injury were added as covariates, the
treatment effect was no longer significant. At 6-month fol-
low-up, the treatment group showed continued improve-
ment and superior performance compared to the control group

on tests involving auditory-verbal working memory. The
authors suggested that the improvement, continuing over
the follow-up period, was consistent with a strategy-training
model, as it becomes increasingly automated and integrated
into a wider range of behaviours. Another post-acute class I
study [40] dealt with community dwelling patients with
moderate to severe brain injury. The experimental attention
training group improved significantly more than the alterna-
tive (memory) treatment group on four attention measures
administered throughout the treatment period, although
the effects did not generalize to the second set of neuropsy-
chological measures. Two other studies using a crossover
design [41,42] reported superiority of ‘attention process train-
ing’ compared to therapeutic support. In addition, the ‘time
pressure management’ programme demonstrated greater
improvement compared to a generic ‘concentration’ pro-
gramme. Several attempts were made to establish the differen-
tial role for effectiveness of training of specific components of
attention. A Class II study [43] on TBI investigated four differ-
ent sub-processes of attention: cognitive flexibility, speed of
processing, interference and working memory. The findings
support the view that there are different sub-processes of
attention that can be trained specifically and this may have
implications for neuropsychological assessment and rehabil-
itation and may have implications for neuropsychological
assessment and rehabilitation. Improvements in speed of
processing appear to be less robust than improvements on
non-speeded tasks [37]. Moreover, several studies suggest
greater benefits of attention training on more complex tasks
requiring selective or divided attention than on basic tasks of
reaction time or vigilance [38,39].

In conclusion, there is class I evidence for attention training
in the post-acute phase after TBI. On the other hand, there is
insufficient evidence to distinguish the effects of specific atten-
tion training from spontaneous recovery or more general cog-
nitive interventions during the acute period of recovery and
inpatient rehabilitation for patients with moderate-to-severe
TBI and stroke.

4. Rehabilitation of memory
Among patients with memory problems due to TBI or stroke how
does memory rehabilitation (internal and external memory aids)
improve memory function or general disability?

In the US, the prevalence of TBI is 5.3 million and there is an
incidence of over 1.7 million cases per year. However, informa-
tion on the prevalence of memory impairment after TBI is
scarce. One study reported that nearly a fourth (25%) of those
having sustained TBI suffer from memory problems [44]. The
prevalence of stroke in the US is 4.5 million and there is an
incidence of 600,000 cases per year. On an international basis,
the prevalence of stroke is over 35 million with an incidence of
over 6 million cases annually. Although memory problems are
commonly reported after TBI they are often neglected in stroke
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patients although a comprehensive assessment frequently
shows memory problems also after stroke. Reliable statistics for
stroke patients, however, is virtually non-existent, and even
less is known about the efficacy of intervention of memory
problems in these patients. Overall, clinical observation shows
that some degree of spontaneous recovery or improvement 
of memory usually occurs but not much is known about the
interaction between spontaneous recovery and intervention.
The need to establish the effectiveness of memory rehabilita-
tion has stimulated a wide range of studies. Unfortunately,
however, only few of these studies meet the critical standards
for evaluating scientifically proven measures of prevention
and treatment of neurological diseases and disability. Gener-
ally, approaches to memory rehabilitation either target to
restore or optimize damaged or residual functions, or they
are directed towards compensating for lost or deficient func-
tions (for a summary see Ref. [45]). Evidence-based studies
have most frequently investigated techniques in memory
rehabilitation that include the use of internal and external
memory aids, assistive electronic technologies and pharma-
cological agents. In what follows a summary of the findings
of memory rehabilitation techniques reported in controlled
studies is provided. The summary is based on two recom-
mendations [1,13] and two systematic reviews [14–46]. It
should be noted that the criteria according to which authors
have included studies in their reviews and the recommenda-
tions based on the reviews differ.

The use of internal memory aids
For patients with mild memory impairment compensatory
memory training has been recommended [1,13,14]. It seems,
however, unlikely that this pertains to all patient groups and
types of memory impairment. For example, there is only
one controlled study investigating the effectiveness of training
compensatory memory strategies in a few (six) stroke patients,
and this study did not report positive effects [47]. Although for
TBI patients there are more evidence-based reports on the
use of memory strategies, the findings are controversial pos-
sibly due to the difference in the training techniques used and
the heterogeneity of the groups investigated. For example,
one randomized-controlled study reported positive effects 
of visual imagery training on memory functioning in TBI
patients [48]. The interpretability of this study is, however,
severely hampered by the small sample size (12 patients in
each experimental group with 3 dropouts) and the little or
no control over external variables such as patient distribution
over seven different rehabilitation centres and patients being
either in- or outpatients. Another technique that has shown
some beneficial effects is the errorless learning technique. In
this technique people are prevented from making errors and
this is compared to errorful learning where people are allowed
to make mistakes (e.g. trial-and-error learning) (for a summary
see Ref. [49]). It seems, however, that the benefit of errorless
learning depends on the type of task used, the way in which

memory is tested and on the severity of the memory impair-
ment. Finally, the spacing-of-repetitions procedure has also
shown some efficacy in improving learning in TBI patients
[50,51]. This technique is based on the spacing effect, which
has been shown to improve learning and memory when
repeated trials are distributed over time (spaced repetitions).

The use of external memory aids
Controlled studies generally support the efficacy of external
non-electronic memory aids such as calendars, lists, note-
books and diaries (for a summary see Ref. [1]). The effective-
ness of these memory aids seems to be boosted by combining
them with internal memory strategy training. However, there
is some indication that not all aids or strategies are similarly
beneficial [52].

The use of assistive electronic technologies
Computers, paging systems, voice organizers and virtual
environments have all been used to enhance memory per-
formance. A few well controlled studies have demonstrated
the efficacy of paging systems and voice organizers to enhance
learning and improve activities of daily living (ADL) particu-
larly in patients with moderate to severe memory impair-
ments (for a summary see Ref. [1,13,14]). Despite the generally
reported success of using memory assisted computer training
and virtual environments, it is currently not clear whether
they are superior to conventional methods as a comparison
with conventional methods is still missing.

5. Rehabilitation of apraxia
Among patients with apraxia due to acquired brain damage, how does
behavioural training programmes or teaching compensatory strategies
improve praxis or reduce general disability?

Although apraxia occurs frequently after acquired brain
damage [53], the literature on recovery and treatment is
minimal. Several reasons for this lack of evidence can be 
identified [54]. First, patients with apraxia often seem to be
unaware of their deficit and rarely complain. Second, many
researchers believe that recovery from apraxia is spontaneous
and treatment is not necessary. Finally, some authors believe
that apraxia only occurs when performance is requested of
patients in testing situations, and that correct behaviour is dis-
played in natural settings. There is agreement that apraxia
hinders ADL independence [55,56,57].

There are two recent RCTs on the rehabilitation of
apraxia. One study [58] found that a behavioural training
programme with gesture-production exercises led to a sig-
nificant improvement of limb apraxia with better perform-
ance and a reduction of errors in both ideational and
ideomotor apraxia tests. Another study [59] assessed the
effectiveness of strategy training in left hemisphere stroke
patients with apraxia. After 8 weeks of treatment, patients
who received strategy training improved significantly more
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than patients in the usual treatment group on standardized
ADL observations and the Barthel ADL index. However, at
follow-up 5 months later no beneficial effects of strategy
training were found. A some what less well-controlled study
investigated a therapy programme for teaching patients strate-
gies to compensate for the presence of apraxia [60]. Large
improvements in ADL functioning were reported in all meas-
ures and small improvements on the apraxia test and motor
functioning test.

In sum, there is evidence that behavioural training pro-
grammes improve limb apraxia and the teaching of compensa-
tory strategies enables apraxic patients to function more
independently. The evidence supports the view that treatment
of apraxia should be part of the overall neuro-rehabilitation
programme after brain damage.

6. Rehabilitation of acalculia
Among patients with acalculia due to acquired brain damage, how
does a re-teaching approach, or exploiting of residual resources
improve calculation abilities?

Though often unnoticed, many neurological disorders are
associated with impairments of number processing and cal-
culation (INPC). Depending on the underlying disease and
on lesion location, the frequency of calculation disorders in
patients with neurological disorders has been estimated to
range between 10% and 90% [61]. Furthermore, no group
studies exist which have compared different treatment strat-
egies in larger patient samples. Studies are mostly ‘quasi-
experimental’ using a single-case or small-group approach
guided by the principles of cognitive neuropsychology [62–65]
and single-subject research [66,67]. Two main types of ration-
ales have been applied to improve INPC. The ‘reconstitution’
or ‘reteaching’ approach consists of extensive lost or dam-
aged abilities by way of extensive practice. The indirect
approach promotes the use of ‘back-up’ strategies based on
the patient’s residual resources. In this case, the treatment
would not merely point to restore the functionality of the
impaired component but rather to exploit the preserved abil-
ities to compensate for the deficit. Both types of remediation
employ step-by-step training consisting in presentation of
problems of increasing difficulty, facilitation cues and other
types of assistance which are eventually faded with progressive
recovery; in all cases direct feedback is provided to the patient
on his/her accuracy and errors. Outcome measures typically
entail a comparison of the individual’s pre- and post-treatment
performance in transcoding tasks, simple and complex calcu-
lation. The amount of functional disability on daily life is rarely
assessed or estimated in this corpus of studies. Rehabilitation
of INPC may be grouped into several areas of intervention
[68]. Rehabilitation of transcoding ability (the ability to
translate numerical stimuli between different formats) has
been successfully performed in several studies (see, e.g.
[69,70]), mostly by re-teaching the patient the required set of

rules. Impairments of arithmetical facts (simple multiplication,
addition, subtraction or division solved directly from memory)
were the target of several rehabilitation studies (see, e.g.
[68,71,72]). In all studies, extensive practice with the defec-
tive domain of knowledge (i.e. multiplication tables deter-
mined significant improvement). A positive outcome was
reached also by a rehabilitation programme based on the
strategic use of the patient’s residual knowledge of arithmetic
[73]. This specific case suggests that the integration of declar-
ative, procedural and conceptual knowledge critically medi-
ates the re-acquisition process. Deficient arithmetical problem
solving (the ability to provide a solution for complex, multi-
step arithmetical text problems) has also been treated in one
study [74]. The study was rated as partly successful by the
authors, as patients benefited from the cueing procedure
engaged and generated a higher number of correct solution
steps, but did not show a prominent effect on the actual exe-
cution process. Overall, the available evidence suggests that
rehabilitation procedures used to treat selected variants of
INPC were successful at the single-subject or small group level.
Notably, significant improvements were observed even in
severely impaired and chronic patients. Several caveats need
to be mentioned in this context. At present, little is known
about the prognosis and spontaneous recovery of INPC, thus,
the effects of different interventions in the early stages of
numerical disorders may be difficult to evaluate. Moreover,
different underlying neurological disorders (e.g. stroke, demen-
tia and trauma) have only partly been compared as to their spe-
cific effects on INPC. Furthermore, it has not been studied in
detail how impairments of attention or executive functions
influence the rehabilitation process of INPC.

Conclusion

The evidence findings (systematic reviews, randomized-
clinical trials) are summarized in Table 10.1. These results
clearly indicate that many methodological issues remain to be
solved. The prevalence and relevance of cognitive disorders in
terms of functional outcome after stroke and TBI dictates the
need to establish recommendations for good practice of cogni-
tive rehabilitation. This need was formally recognized by a sub-
committee of the Brain Injury-Interdisciplinary Special Interest
Group of the American Congress of Rehabilitation Medicine.
The initial recommendations of the Committee were published
in 1992 as the Guidelines for Cognitive Rehabilitation [75]
and were based on expert opinions that did not consider evi-
dence-based empirical support of the effectiveness of cognitive
rehabilitation. In 2000, an evidence-based review of the sci-
entific literature for cognitive rehabilitation was published
by the same group [13], and an update from 1998 to 2002
has appeared recently [14]. The update process will result in
regular publications (K.D. Cicerone, personal communica-
tion). There are other systematic reviews that address only
TBI patients. The NIH Consensus Development Panel [76]
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Table 10.1 Systematic reviews (SR) and randomized controlled trials (RCTs) on cognitive rehabilitation.

Type of Impairment Number of Intervention Outcome Main findings Comment
study patients participants
(reference) (number of trials)

SR [12] Aphasia stroke 950 (12) Treatment (professional) Aphasia tests Absence of evidence
versus no treatment disability
(non-professional)

SR [19] Aphasia stroke 864 (10) Intensive treatment versus Aphasia tests Intensive treatment better
less intensive treatment

SR [25] Neglect stroke 400 (15) Visual scanning and visuo- Neglect tests Improvement of neglect
spatial motor training versus disability No evidence of impact 
standard rehabilitation on disability

SR [34] Attention stroke 56 (2) Attention task versus Concentration Improvement
standard rehabilitation and alertness No evidence of impact on

disability disability

RCT [39] Attention 31 (1) Attentional training versus Attention tests ‘Minor’ effects
post acute TBI no specific treatment

RCT [40] Attention 29 (1) Attention training versus Attention tests Improvement Multiple baseline design;
post acute TBI memory training no evidence of generalization

RCT cross Attention 22 (1) Time pressure management Attention and Improvement
over [42] acute TBI versus generic concentration memory tests

training

SR [14] Memory 132 (6) Internal memory aids Memory tests Improvement only in 
‘mild’ patients

SR [49] Memory 147 (11) Errorless learning Memory tests Large effect size for errorless Quantitative systematic review
learning treatment; no 
significant effect of 
vanishing cues

SR [46] Memory stroke 12 (1) Internal and external aids Memory tests Absence of evidence
disability

RCT [58] Apraxia 13 (1) Apraxia training Apraxia tests Improvement

RCT [59] Apraxia stroke 113 (1) Apraxia training versus Disability Short-term (no long-term) 
standard rehabilitation improvement

SR [77] TBI ? (32) Cognitive rehabilitation Disability Absence of evidence
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reviewed studies published from January 1988 through
August 1998 (including 11 RCTs), and concluded that data
on the effectiveness of cognitive rehabilitation programmes
were limited by the heterogeneity of subjects, interventions
and outcomes studied. Another review published by the
Evidence-based Practice Center at Oregon Health Sciences
University [77] concluded that the durability and clinical
relevance of the reported rehabilitation effects was not
established.

Although the situation has changed since the first recom-
mendations for cognitive rehabilitation were published, we
strongly agree with the view that the current status of stud-
ies on the effectiveness of cognitive rehabilitation is unsatisfac-
tory. As pointed out previously, many RCTs in neurological
rehabilitation are of poor methodological quality: the sample
size is often insufficient, a control condition is frequently miss-
ing, and/or there is a failure to assess the outcome at the dis-
ability level. There is definitely a need for large-scale RCTs
evaluating well-defined methodologies of intervention in
common clinical conditions (e.g. the assessment of the efficacy
of an intervention for ULN after right hemispheric stroke on
long-term motor disability). The question of the efficacy of
cognitive rehabilitation ‘in general’ is clearly ill-posed for a
number of reasons. First, we are dealing with heterogeneous
clinical manifestations of different diseases. For example, it is
questionable whether the same standardized aphasia treat-
ment would be similarly effective for a patient with a fluent
neologistic jargon due to closed head injury and for a patient
with agrammatic nonfluent production associated with a
fronto-parietal infarction. Asking whether aphasia therapy is
‘generally’ effective is like organizing a RCT to assess the
effectiveness of a given treatment of skin rashes. At the same
time the attempt to assess the effectiveness of a treatment only
in patients with a complete genome screening, in which a spe-
cific mutation associated with the precise type of skin rash has
been identified, would not be realistic. Research in neuro-
psychology has focused on the assessment of specific, theoreti-
cally driven treatments on well-defined areas of impairment,
usually by means of single-case methodology (e.g. the effect
of a linguistically driven intervention compared with simple
stimulation of the ability to retrieve lexical items belonging to
a defined class). It must be underlined that the randomization
procedure per se does not guarantee the adequacy of the study
unless the sample is large enough to control for the effect of
known or unknown confounding variables [78]. When target-
ing a large sample size of patients, a realistic level of description
should be chosen. It is conceivable that despite a careful clin-
ical specification of the target group there is still a residual
heterogeneity. In such a case clinical labels such as agramma-
tism or anomia may represent an acceptable compromise. The
second problem concerns the standardization of the treat-
ment. In the case of a behavioural intervention, it is clear that
a number of factors, such as dosage, frequency of interven-
tion, etc. are more difficult to standardize than in the case of a

pharmacological treatment. Moreover, given the length and
complexity of the interaction between treatment provider and
client, personality factors and, in general, interpersonal dynam-
ics can be expected to interfere. Again, a large sample size
rather than an attempt to control beyond a reasonable degree
may solve this problem. Computer-based approaches seem to
simplify this problem; however, the evidence about their use-
fulness in the absence of constant human (therapist) inter-
vention is not encouraging. Finally, we are facing the
problem of feasibility of a true placebo double-blind con-
trolled intervention. It is often difficult if not impossible to
conceal the intervention condition from the therapist and
the patient. Furthermore, ethically it is usually not justified
to withhold treatment from a patient group (the ‘placebo’
condition). However, such a situation is easily solved by cross-
over designs.

In sum, high standards for performing well-controlled
studies, as they are obligatory in pharmacological and surgi-
cal intervention, also need to be developed for and applied
to intervention studies in neurological rehabilitation. In par-
ticular, it is necessary to show that rehabilitation is effective
not only in modifying the impairment but also in having
sustained effects at the disability level.
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Background

Spasticity has been defined as ‘a motor disorder character-
ized by a velocity-dependent increase in tonic stretch
reflexes that results from abnormal intraspinal processing 
of primary afferent input’ [1]. However, the velocity- and
length-dependent increase in stretch reflexes elicitable at
rest as resistance to passive movement is only one of the 
features of the upper motor neurone (UMN) syndrome.
Other features (such as weakness, lack of selective voluntary
movement and various types of involuntary spasms) are
often of more symptomatic and functional relevance to 
the patient, and may not be well correlated with the diag-
nostic sign described above [2]. Structural alterations 
within affected musculo-skeletal structures (often referred
to as contracture) also contribute to resistance to active and 
passive movement [3]. Other neurological problems (e.g.
myoclonus, dystonia, ‘shooting-type’ neuropathic pain) can
also mimic UMN phenomena and may require different
treatment.

Different patterns of UMN phenomena (e.g. the typical
hemiplegic posture, paraplegia in flexion, paraplegia in exten-
sion) are likely to reflect impairment of different combin-
ations of pyramidal and parapyramidal motor pathways at
different central nervous system (CNS) levels [2]. However
changes in UMN patterns caused by nociceptive input (e.g.
from constipation, bladder problems, pressure sores) and
physical measures suggest that the level of sensory input also
plays a key role. Successful spasticity treatment requires inte-
gration of the physical, psychological and medical aspects of
management [4].

Spasticity affects around 60–70% of people with multiple
sclerosis (MS) or spinal cord injury (SCI) and 40% with stroke
(cerebrovascular accident, CVA), and can often worsen with
time. This chapter summarizes the available evidence for
physical and medical management of spasticity for adults with
acquired brain injury, SCI and MS. A summary of evidence
for the management of spasticity in children with cerebral
palsy has been recently published [5].

Framing clinical questions

UMN phenomena are thought to develop because of defi-
ciencies in the descending control of voluntary motor func-
tion from higher centres [2]. However, suppression of these
phenomena (e.g. by physical therapeutic measures or drugs
acting on different neurotransmitter systems) may not lead
to recovery of good quality voluntary movement. It is there-
fore important to identify the relevant and feasible goals for
each patient, for example:
• To improve active voluntary movement.
• To improve passive range of movement (PROM, to allow
easier passive functions such as positioning or being dressed).
• To reduce spasticity-related pain and spasms.
A variety of different outcome measures have been used in
spasticity treatment trials in an attempt to cover some or all of
these possible treatment goals. The original and modified
Ashworth scales (AS [6] and MAS [7]) are the most com-
monly used impairment-level outcome measures, but these
are really only ordinal-level measures of PROM (which could
be due to spasticity or contracture) [8] and they do not assess
spasms, pain or active function. Other outcome measures (e.g.
Penn spasm scale [9], global assessments of spasticity) have
limited validation, particularly as UMN phenomena can vary
so much at different times of the day [10]. Standard activity-
level outcome measures (e.g. Barthel score, walking time) may
lack sensitivity for the types of changes likely to be seen due
to reduction in spasticity. These methodological difficulties
limit the amount of quantitative comparison that can be car-
ried out between trials with differing methodologies, so in the
tables below I have merely indicated whether the trials gave a
statistically significant result under each of the goal headings
with whatever outcome measures were used.

Critical review of evidence

1. Physiotherapy
Do physiotherapeutic interventions lead to functional or symptomatic
improvements in adults with spasticity?

CHAPTER 11

Management and pharmaceutical
treatment of central and spinal
spasticity
David T. Shakespeare
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Physical approaches to the management of spasticity include
teaching self-management techniques, mobilization and
stretching exercises, standing and transfer techniques, loco-
motor training, constraint-induced movement therapy and the
use of splinting, orthoses and functional electrical stimulation.
Table 11.1 summarizes randomized-controlled studies and
meta-analyses of physical interventions for UMN problems,
which can be read in conjunction with the studies of medical
interventions summarized in the following sections. However
as this table shows, research into physical interventions often
views them as generic rehabilitation interventions rather than
just spasticity treatments, so impairment-level outcome meas-
ures for spasticity or spasms are often not included. These
studies show that PROM can be improved or maintained by
casting and functional electrical stimulation, but passive
stretches alone may be ineffective (particularly if carried out
for only short periods). Physiotherapeutic treatment, exercise
therapy and functional electrical stimulation can lead to
improvements in active voluntary movement.

2. Oral anti-spasticity drugs
Do oral anti-spasticity drugs lead to functional or symptomatic
improvements in adults with spasticity?

Baclofen, tizanidine, benzodiazepines, gabapentin, cloni-
dine, cannabinoids and tolperisone all act on various central
neurotransmitters, whereas dantrolene predominantly has a
peripheral action on calcium flux within muscle fibres [19].
All can cause drowsiness and weakness to varying degrees,
and other specific side effects include hepatotoxicity 
(tizanidine, dantrolene), exacerbation of urinary symptoms
(baclofen), urine discolouration (dantrolene) and weight
gain (gabapentin). The placebo-controlled randomized-con-
trolled trial (RCT) evidence for efficacy of these agents is
summarized in Table 11.2. This indicates that evidence for
improvement in active voluntary movement with oral anti-
spasticity treatment is very limited. Most drugs (except
cannabinoids) have at least one RCT showing evidence of
improvement in PROM. There is evidence for some drugs
leading to improvements in spasticity-related pain (baclofen,
cannabinoids, gabapentin) and spasms (baclofen, dantrolene,
tizanidine, cannabinoids, gabapentin), although many trials
did not assess these two outcomes separately. Methodological
quality has improved since the 1970s studies, where unvali-
dated outcome measures were often used, no measures were
taken to standardize Ashworth score grading between asses-
sors, and control for physical factors (e.g. posture and posi-
tioning, physical activity, physiotherapy regimes) that can
have a significant impact on spasticity during the trial was
limited.

3. Intrathecal drugs
Does intrathecal (IT) drug infusion lead to functional or symptomatic
improvements in adults with spasticity?

Baclofen can also be infused via a subcutaneous pump
directly into the subarachnoid space for those with severe
spasticity that is unresponsive to less complex treatments.
Although mainly suitable for wheelchair-bound patients
with severe lower limb (LL) spasticity, some mobile patients
can gain significant benefit and higher catheter placement
can lead to useful effects on upper limb (UL) spasticity [44].
Risks include infection, haemorrhage and pump failure. The
likely effect of IT baclofen therapy can be evaluated before
pump placement by a bolus test dose through a standard lum-
bar puncture or infusion through a temporary lumbar catheter.

The evidence for benefit from IT baclofen therapy consists
of placebo-controlled RCTs of (mostly) bolus test doses,
together with longer-term case series of infusion treatment
via implanted pump for patients with both spinal and cerebral
spasticity (Table 11.3). This confirms improvement in PROM,
spasticity-related pain and spasms in appropriately selected
patients, together with improvements in active voluntary
movement in some.

Phenol can also be injected via standard lumbar puncture
to cause a chemical neurolysis, with profound (potentially
permanent) suppression of LL spasticity. As this treatment is
not selective for motor nerves, it is unsuitable for those who
retain control of bowel and bladder emptying, and sexual func-
tion. No RCTs have been carried out of this palliative procedure
but published case series indicate significant improvement in
PROM (Ashworth score and seating), spasms and spasticity-
related pain [49,50].

4. Butulinum toxin
Does local injection of botulinum toxin (BTX) lead to functional or
symptomatic improvements in adults with spasticity?

Intramuscular BTX injections can be used to selectively
weaken overactive, spastic muscles by preventing the release
of acetylcholine from presynaptic nerve endings [51]. The
effect takes approximately 2 weeks to develop and lasts for
2–6 months, but the maximum dose that can be administered
at any one time is limited. Preparations of two serotypes are
currently available (in UK: Type A Botox® and Dysport®,
Type B Neurobloc®), but the doses of the different formula-
tions (even of the same serotype) are not equivalent. A good
therapeutic outcome depends on careful selection of target
muscles and a realistic appraisal of the possible rehabilitation
goals (often requiring a detailed, multi-disciplinary assess-
ment) [52]. Electromyography (EMG) or ultrasound local-
ization can improve injection accuracy.

The placebo-controlled RCT evidence for the use of BTX
in adult spasticity is summarized in Table 11.4. All studies to
date have used BTX Type A, except Ref. [53] which used
Type B. These studies showed good evidence that BTX Type A
can lead to improvements in PROM (and functions such as
passive dressing), together with some evidence for improve-
ments in spasticity-related pain and spasms, and active 
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Table 11.1 Physical interventions for spasticity and other upper motor neurone phenomena.

Reference Study type Patients (n) Intervention Intensity Improvement in active Improvement in Reduction in Reduction in 
(reference) voluntary movement PROM spasticity-related spasms

pain

[11] RCT SCI (14) Passive stretching of 30 min daily No No
Single blind one ankle versus other 

ankle not stretched

[12] RCT crossover TBI (9) Ankle casts and stretching 7 days each arm Yes
Single blind versus no casts Torque-controlled

PROM

[13] RCT crossover TBI (15) Serial elbow and/or 1 month No Yes
wrist casts versus Goniometry
traditional therapy

[14] RCT crossover Stroke (44, 21 Bobath versus 20 sessions Bobath was superior at 
Single blind with spasticity) orthopaedic physiotherapy over 4 weeks motor assessment and 

approach stroke impact scales

[15] SR of 6 RCTs MS (164) Exercise therapy versus Strong evidence for 
normal activity mobility-related activities

Moderate evidence for 
arm/hand use

[16] SR of 11 RCTs Stroke (458) Treadmill training with No
body weight support Walking speed
versus usual activity Walking dependence

[17] RCT Stroke (28) Functional electrical 30 min daily for Yes Yes
Single blind stimulation (UL) versus 3 weeks Upper extremity Higher functioning 

usual activity functioning test group only
Drawing Test Ashworth score
Motor activity log

[18] RCT Stroke (32) Functional electrical 12 sessions of Yes Yes
stimulation (LL) versus physiotherapy to Walking speed Wartenberg 
usual activity train use of FES Physiological cost index pendulum test

UL: upper limbs; LL: lower limbs; SCI: Spinal cord injury; MS: Multiple sclerosis; PROM: Passive range of movement; SR: systematic review; TBI: traumatic brain injury.
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Table 11.2 Oral drug treatments for spasticity.

Reference Study type Patients (n) Intervention Improvement in active Improvement in PROM Reduction in spasticity- Reduction in 
voluntary movement related pain spasms

[20] RCT Stroke (20) Baclofen (30 mg) Yes
versus placebo Ashworth

[21] RCT crossover MS (23) Baclofen (up to 80 mg) Yes Yes Yes
versus placebo Unvalidated score

[22] Four-way crossover study MS (38) Baclofen (20 mg) and/or Yes
with no washout period stretching exercises Ashworth score and 
between treatment arms angle of flexion

[23] RCT MS (166) Baclofen (60–80 mg) Yes Yes
versus placebo Unvalidated score

[24] RCT crossover Stroke (38) Dantrolene (50–200 mg) No No
versus placebo

[25] RCT Stroke (18) Dantrolene (average Yes
dose 165.4 mg/day) Novel spasticity grading

scale

[26] RCT Spinal cord Dantrolene (up to 400 mg) Yes Yes Yes
disease (25) versus placebo Walking speed only Unvalidated tone score

[27] RCT Various with Tizanidine (up to 10 mg/day) 
spastic versus placebo
paraparesis (13) No

[28] RCT crossover Stroke (9) and Tizanidine (up to 36 mg) Yes Yes
TBI (8) versus placebo Ashworth score For LL only

[29] RCT SCI (124) Tizanidine (4–36 mg) versus Yes Yes
placebo Ashworth score

[30] RCT MS (257) Tizanidine (2–36 mg) versus No No No No
placebo

[31] RCT MS (187) Tizanidine (up to 36 mg) No Yes No No
versus placebo Composite Ashworth 

score

[32] RCT MS (66) Tizanidine (up to 36 mg) No Yes in some muscle No No
versus placebo groups

Unvalidated tone score
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[33] RCT crossover MS (16) Cannabinoids versus placebo No No
Worsening in timed walk 
and 9-hole peg test in 
THC treated group

[34] RCT crossover with no MS (24) and Cannabinoids versus placebo No Yes Yes
washout period SCI (4) VAS VAS

[35] RCT MS (611) Cannabinoids versus placebo Yes No Yes Yes
Timed walk in THC 
group

[36] RCT crossover with MS (50) Cannabinoids versus placebo Yes No Yes in those who
unequal treatment periods Mobility in those who received �90% 

received �90% prescribed dose
prescribed dose

[37] RCT MS (160) Cannabinoids versus placebo No No

[38] RCT crossover Stroke (19) Diazepam (6–15 mg) versus No No
placebo Grip strength worse

[39] RCT crossover Stroke (12) Diazepam versus placebo No Yes
Knee passive movement

[40] RCT Stroke (120) Tolperisone (300–900 mg) ? Yes for walking distance Yes
versus placebo (graph but not statistics Modified Ashworth score

shown)

[41] RCT crossover SCI (6 Clonidine (0.1–0.5 mg) Yes – in only 1 Yes in 5 of 9
paraplegic, 3 versus placebo paraparetic patient Ashworth score
paraparetic)

[42] RCT crossover with SCI (25) Gabapentin (2400 mg) Yes Yes
2-day treatment periods versus placebo Ashworth score

[43] RCT crossover MS (22) Gabapentin (900 mg) Yes Yes Yes
versus placebo Ashworth score

LL: lower limbs; TBI: traumatic brain injury; SCI: Spinal cord injury; MS: Multiple sclerosis; PROM: Passive range of movement; VAS: Visual analogue scale.
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Table 11.3 Intrathecal baclofen treatment for spasticity.

Reference Study type Patients (n) Intervention Improvement in active voluntary Improvement in PROM Reduction in spasticity- Reduction in spasms
movement related pain

[45] RCT Hemiplegia due to TBI Test dose of IT baclofen Yes Yes
or CVA (6) versus saline Ashworth score Penn scale

[46] RCT Stroke (21) Test dose of IT baclofen Yes Yes
versus saline Ashworth score Penn scale

[47] RCT Spinal spasticity (93) Test dose of IT baclofen Yes (88 responded, but
versus saline outcome measure results 

not reported)

[48] RCT Spinal spasticity (22) Infusion of IT baclofen 
versus saline for 13 weeks Mobility subscale of sickness Yes (effect size 1.40) Yes (effect size 0.94) Slight (effect size 

Impact profile Modified Ashworth 10-point scale 0.20)
score Penn scale

TBI: traumatic brain injury; CVA: cerebrovascular accident; IT: intrathecal.
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Table 11.4 Intramuscular botulinum toxin injections for spasticity.

Reference Study Patients (n) Intervention Improvement in active Improvement in PROM Reduction in Reduction in
type voluntary movement and function spasticity-related spasms

pain

[55] RCT CVA (39) BTX versus placebo for arm and forearm No Yes No
spasticity Ashworth in 300 units 

group only

[56] RCT CVA or TBI (21) BTX versus placebo for arm and forearm No Yes
spasticity Ashworth

Finger curl distance
PROM at wrist but not 
fingers

[57] RCT CVA (82) BTX versus placebo for arm spasticity No Yes – for all doses
Modified Ashworth

[58] RCT CVA (40) BTX versus placebo for arm and forearm No Yes No
spasticity Ashworth

Disability and carer burden
scales

[59] RCT CVA (59) BTX versus placebo for arm spasticity No Yes No
Modified Ashworth
Elbow PROM

[60] RCT CVA (126) BTX versus placebo for forearm spasticity No Yes Yes
Ashworth
Disability assessment scale

[53] RCT CVA (15) BTX Type B versus placebo for arm and No No No
forearm spasticity Ashworth

[61] RCT CVA (91) BTX versus placebo for arm and forearm No Yes No
spasticity Ashworth

[62] RCT CVA (50) BTX versus placebo for arm and forearm Yes Yes Yes
spasticity with some residual active Action research arm test MAS VAS
movement (500 unit group only)

[63] RCT MS (74) BTX versus placebo for hip adductor Yes
spasticity Distance between knees for 

highest dose (1500 units 
Dysport) only

(Continued p. 96)
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Table 11.4 (Continued.)

Reference Study Patients (n) Intervention Improvement in active Improvement in PROM Reduction in Reduction in
type voluntary movement and function spasticity-related spasms

pain

[64] RCT Chair or bed BTX versus placebo for hip adductor No Yes No
bound spasticity Adduction angle Nursing 
MS (9) care

[65] RCT (23) 19 CVA 4 TBI BTX versus placebo for Yes for active dorsiflexion Yes
crossover foot spasticity Reduced use of walking Ashworth

aids in 6 patients

[66] RCT CVA (234) BTX versus placebo for calf spasticity Yes – use of walking aids Yes Yes
only MAS
No – 2 min walking distance 
or stepping rate

[67] RCT CVA (45) BTX versus placebo for foot spasticity Yes Yes Yes
Gait speed Ashworth

[54] RCT Early after TBI (35) Casting alone versus casting plus BTX Yes – for casting and/or
versus stretches to prevent loss of ankle BTX
dorsiflexion range Ankle PROM

[68] RCT Various (12) BTX versus placebo for UL (8) Yes Yes
crossover or LL (4) spasticity Ashworth

[69] RCT Various (52) BTX versus placebo for UL (32) Yes for LL group Yes
or LL (20) spasticity Rivermead mobility index Ashworth

only Range of movement

TBI: traumatic brain injury; BTX: Botulinumtoxin; UL: upper limbs; LL: lower limbs; MS: Multiple sclerosis; CVA: cerebrovascular accident; MAS: Modified Ashworth Scale; PROM: passive range of
movement.
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voluntary movement (walking and UL movement) in some.
Verplancke et al. [54] investigated when BTX should be
administered in order to try to prevent biomechanical com-
plications developing. This study highlighted that contrac-
ture can start to develop within only a few weeks of severe
head injury, but this can be reduced by maintaining appro-
priate stretch (by splinting) with the addition of BTX injec-
tions where necessary.

Conclusion

Successful spasticity management requires multi-disciplinary
assessment and treatment, focusing on appropriate and realis-
tic goals. Evaluation of physical and medical anti-spasticity
treatments is hampered by the limitations of individual out-
come measures for this complex, multi-faceted problem.
Improvement or maintenance of limb PROM can be achieved
by physical measures (stretching, casting and functional elec-
trical stimulation), oral drug therapy, intramuscular BTX injec-
tions and IT treatment (baclofen or phenol), but oral drug
therapy alone is often insufficient. Published evidence indi-
cates that improvements in spasticity-related pain and spasms
can be achieved by oral drug therapy, BTX injections and IT
baclofen or phenol, but the trials of physical interventions
included in this review did not assess this outcome. Improve-
ments in active voluntary movement often cannot be achieved
with physical or medical anti-spasticity treatment, but evi-
dence to support such benefit in selected cases exists for phys-
iotherapeutic treatment, exercise therapy, functional electrical
stimulation, oral drug therapy, BTX injection and IT baclofen
infusion. Further work is needed to improve the outcome
measures available for use in anti-spasticity treatment trials,
to identify the optimal timing and intensity of physical and
medical interventions, and to evaluate the cost effectiveness
of such an optimal multi-disciplinary management approach.
Clinical service provision should ensure that all the necessary
multi-disciplinary elements are available, with the timeliness
and intensity of treatment that is required.
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Background

Neurological illness and injury are major causes of disability.
With an ageing population and more people surviving what
would have until relatively recently been fatal neurological
insults, utilizing best evidence for rehabilitation is increasingly
important. Rehabilitation emphasizes adaptive and restora-
tive strategies across the many aspects of human life and 
performance. Whilst management and prevention of pathol-
ogy and impairment remain crucial, promoting functional
improvement, assisting people to participate in a meaningful
life and helping them and their families attain or maintain the
best quality of life (QoL) are rehabilitation’s real goals.

Data on incidence and prevalence of different neurological
disability vary greatly according to the way data are collected.
The USA Centre for Disease Control1 suggests 1 in every 10
people has major activity limitation due to a chronic condition
with two recent household surveys (in the UK and New
Zealand [1,2]) suggesting that around one in every five adults
and one in every ten children have some sort of disability, with
the most common disability being difficulties resulting from
neurological origin. The Neurological Alliance recently esti-
mated that around 6% of people have a neurological condition
where they need daily help with activities [3]. Disability aris-
ing from neurological conditions is therefore no small issue.

Despite some very clear gaps in knowledge, research in
rehabilitation has advanced significantly over recent years.
New technologies are being applied (including advanced
neuroimaging, robotics and virtual reality) and the critique
that rehabilitation interventions have lacked a firm theore-
tical basis [4] is increasingly being challenged. For instance,
recent advances in motor learning theory are being applied
to develop novel physiotherapeutic interventions [5,6], self-
regulation theory being utilized to challenge perhaps the most
ubiquitous intervention in neurorehabilitation – goal setting
[7–10] and neurobiology findings influencing a wide range
of developments across conditions and strategies given the
emerging potential that neural ‘reorganization’ shows in con-
tributing to recovery, restoration and adaptation [11].

Along with technological and theoretical advance, many
aspects of rehabilitation now having increasing evidence that

they work: specialized stroke units are effective [12,13]; spe-
cialist neurological rehabilitation teams can improve outcome
after traumatic brain injury [14]; interventions from specialist
rehabilitation teams are beneficial for people with multiple scle-
rosis [15,16] as well as younger people with physical and com-
plex disabilities [17]. There is also a growing body of evidence
for the cost-effectiveness of neurorehabilitation [13,18,19].

Despite these advances, evaluating the impact of rehabilita-
tion remains complex [20]. It is not a synonym for any one
type of intervention (such as surgery/medication) nor is it the
domain of any one health professional group (such as medi-
cine, physiotherapy or occupational therapy). Further, rehabil-
itation strategies aim to achieve outcomes that are wide ranging
and difficult to operationalize and the interventions themselves
can be difficult to describe. Subtle differences in the way inter-
ventions are delivered may very well influence the impact of
those interventions (i.e. the process of care/management [21]).

One of the frustrations for clinicians, patients and their
families is that as a result of this complexity, trial data (and
therefore meta-analyses) concerning rehabilitation has fre-
quently yielded equivocal findings. Whilst improved rehabili-
tation trials are a clear priority, it is arguable that in addition,
practical tools are required to help determine best practice
and best decision making in the absence of ‘gold standard’
results from randomized trials [20,22]. Further, for some
questions that need to be confronted, (such as what type of
therapeutic interventions are most acceptable to specific popul-
ations, what barriers and facilitators exist in relation to pro-
moting active engagement in rehabilitation) methodologies
including qualitative work have a clear role. With these cau-
tions in mind, advances over the very recent past about
‘what works’, mean there is reason to feel optimistic about
the knowledge base of neurorehabilitation.

Outcomes in neurorehabilitation2

In order to evaluate evidence about the effectiveness of
interventions, it is crucial to be specific about the outcomes
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2The World Health Organisation models utilized in rehabilitation
to specify outcome are outlined in full elsewhere http://www3.
who.int/icf/ and so are only be touched on briefly to provide
context for considering the topic.
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aimed for and to ensure measures used are both appropri-
ately targeted and psychometrically robust. Whilst these
questions are an issue across healthcare, they are of particular
concern in rehabilitation where mortality and morbidity are
clearly insufficient descriptors. Two key frameworks have
advanced our ability to think about and measure outcomes
of relevance in rehabilitation.

The first of these frameworks is the International Classifi-
cation of Impairments, Disabilities and Handicaps (ICIDH),
and more latterly the International Classification of Health
and Functioning (ICF) [23,24]. These frameworks aimed to
facilitate explicit consideration of the consequences of chronic
or disabling conditions to guide treatment and provide a com-
prehensive focus for evaluation. Whilst the models do con-
sider pathology and/or impairment, they expand their focus to
include and specify body functions, activity limitations and
social roles that individuals held – handicap (in the ICIDH)
and participation (in the ICF). Whilst these frameworks are
not without criticism [25], they have been extraordinarily
influential in the development of outcome measures in reha-
bilitation and in helping us understand what really matters
to patients [26].

For rehabilitation interventions to be considered effective,
change at the level of impairment (say increased range of
motion in the lower limbs) is arguably of limited benefit if
that is all that is achieved. Whilst it may have every rele-
vance in that it alleviates secondary impairments (such as
pain, skin breakdown and so on), the aim of rehabilitation is
to help people maintain or improve the ability to perform
related activities (being able to move about) and/or partici-
pate (being able to engage in the roles where that mobility is
necessary – say manoeuvre within a work location or attend
family celebrations). This factor is of importance when con-
sidering rehabilitation ‘evidence’ as functional and social
outcomes are considered just as, and sometimes even more
important than, curing pathology or reducing impairment.

The second area of focus in outcome measurement rele-
vant to rehabilitation has been in the field of QoL. Early
developments here considered that what might truly define
a ‘good outcome’ was that the quality of a person’s life may
be just as, or in some cases more, important than its quantity
[27]. Whilst QoL is not explicitly listed in the ICF, its core
constructs (such as body function, activity and participation
within the context of environmental facilitators and bar-
riers) comprise aspects of some definitions of QoL.

However, debate about what QoL really means prevails
and measures purporting to address QoL frequently lack a
clear definition of the concept and may in reality be symp-
tom checklists, measures of activity, and/or health status
measures. Difficulties in defining the concept persist, perhaps
in part due to the quite different basis for interest among the
various stakeholders in health. Patients, family and indeed
healthcare providers are frequently driven to understand
effectiveness of interventions from individual or humanistic

aspects of QoL (i.e. what matters most to the patient them-
selves) whilst those driven more by economic perspectives
on outcome are clearly looking to establish effectiveness
largely in relation to ‘cost’ to society. These two very different
perspectives result in quite different types of QoL measure
[28]. Despite these persisting issues, what was famously called
the missing measurement in healthcare [29] has become an
essential component of rehabilitation evaluations [30,31].

Determining the effectiveness of rehabilitation therefore
depends on considering outcomes related to the specific activ-
ity or function being targeted, the roles in life that are being
facilitated, and/or the aspects of QoL that are being enhanced.

Framing clinical questions in
neurorehabilitation

Neurological injury or illness can affect the ability to perform
or participate in any activity or life role. Given the aim of this
book and the other diagnostically specific chapters, we focus
on three questions facing clinicians and patients across a
range of neurological conditions:
1 When should rehabilitation be initiated and how intense
does it need to be?
2 Who will benefit from rehabilitation – can we accurately
predict response?
3 What are the components of an effective specialist rehabili-
tation service?

General approach to searching evidence

The above complexity concerning the breadth of populations,
the diversity of interventions, and the potential range of out-
comes means searching for evidence about effectiveness in
rehabilitation is somewhat difficult when compared to that
for a relatively discreet interventions with a specific outcome
(such as use of a novel medication aiming for reduction in
seizure or mortality rates). Nevertheless the same principles
apply whereby a precise definition of each term is required.
Therefore a key step in rehabilitation research is to identify
all possible acronyms and alternate words for each term. The
search presented here also utilized reference list searching
within specific papers and citation index of key papers.

Critical review of the evidence for each
question

1. Timing and intensity of rehabilitation
When should rehabilitation be initiated and how intense does it
need to be?

There has long been debate about how much rehabilitation is
needed to produce the best outcomes. This section considers
whether patients (as an exemplar considering those with
acute stroke and moderate severe TBI) benefit from early
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Table 12.1 Intensity and rehabilitation.

Types of study Intervention Patients Outcome Number of Main findings Comments
(reference) intensity participants/

trials

Kwakkel Physiotherapy and Stroke ADL, Instrumental ADL 2686/20 Experimental participants received on average 20 trials, mixed quality rating from 
et al. [37] occupational therapy. (e.g. activities such as twice as much therapy with a weighted 2 to 10 (out of 14) on self-developed 

On average twice as shopping) walking and average of 16 h total additional therapy time quality rating tool. Limited pooling of 
much therapy time  dexterity. per patient. SES �2 � 28.61 significant data possible due to the variability of 
for intervention (0.15 SD units CI 0.06 to 0.23, Z � 3.24, outcomes evaluated. Effect size 
versus control. P � 0.001) for ADL in favour of those negatively associated with study quality 

receiving enhanced therapy when therapy (r � �0.438, P � 0.05).
initiated in the first 6 months after stroke 
(but not for those initiated after 
6 months – only three studies).

Van Peppen Physiotherapy. Stroke Function, impairment ?/151 SES ranged from 0.13 (95% Cl 0.03–0.23) Very informative review with other 
et al. [38] Difference between for effects of high intensity of exercise findings of interest regarding specific 

intervention and training in functional outcomes to 0.92 therapeutic interventions. 
control ranging from (95% Cl 0.54–1.29) for impairment Methodological quality of all RCTs a 
132 to 6816 min. (improving symmetry when moving from median of 5 points on the 10-point 

sitting to standing). PEDro scale (range 2–8 points).

Bhogal Speech and Stroke Aphasia – Porch Index 833/8 The four trials demonstrating improved Although 10 trials were considered, 
et al. [39] language therapy. of Communicative outcome had intensive practice per week quality evaluation removed two trials. 

Intensity – variable Abilities (PICA) and the (mean � 8.8 h compared with 2 h/week) over Clear description of each trial. Utilized 
therapy time difference Token test (T test) a shorter period of time (mean 11.2 weeks PEDro scale.
between intervention (verbal comprehension compared 22.9 weeks). T test � 8.79, 
and control. of commands of P � 0.001 (PICA) and 2.561, P � 0.05 

increasing complexity). (T test).

Turner-Stokes Multidisciplinary Brain injury Wide range of outcomes ?/15 Synthesis limited to descriptive due to This systematic review covers many 
et al. [19] rehabilitation across a (TBI, stroke, including symptoms, heterogeneity of studies. Intensity recorded issues relating to TBI rehabilitation. 

broad range of inter- mixed) function, carer strain, in four of the 15 studies included. Three of Mixed quality of trial data a restriction 
ventions. Intensity – QoL, mood, and social the four studies found faster functional gain in determining difference. Utilized Van 
variable time difference integration. in the enhanced group and reduced length Tulder quality screening scores. No 
between intervention of stay in rehabilitation. trials explored ‘adverse effects’.
and control.

ADL: activities of daily living; SES: summary effect size; TBI: traumatic brain injury.
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commencement of therapy and/or greater intensity (hours of
therapeutic intervention) in terms of decreased impairment
and/or improved function, participation or QoL?

Langhorne and colleagues [32] published one of the early
studies investigating this issue and suggested that although
further research was needed, early and intense rehabilita-
tion was important – not just for improved function but as it
decreased the rate of death/deterioration. Teasell et al. [33]
recently offered an in depth descriptive review of the topic
highlighting that getting this ‘window of opportunity’ right
is crucial in stroke rehabilitation. One might reasonably
assume this to be so across other conditions with discrete
events causing damage to the brain such as in acquired brain
injury from trauma or illness. Whilst animal studies have
indicated intense rehabilitation initiated within hours fol-
lowing stroke actually increases the size of the lesion, ther-
apy initiated shortly thereafter (within days) appears to result
in enhanced recovery of function when compared with
delayed rehabilitation [34]. It does appear that the acute
phase post-stroke is when the brain is most primed for recov-
ery and that this effect diminishes over time.

A series of studies (focused on both primary trial data and
secondary analyses in a systematic review) by Gert Kwakkel
et al. [35–38] have done much to advance knowledge in
physical rehabilitation. In addition, there have been a number
of recent reviews including that by Bhogal et al. [39] in the
field of aphasia, Turner-Stokes et al. [19] in traumatic brain
injury and Cicerone et al. [40] in cognitive rehabilitation. The
most persuasive evidence so far is in relation to stroke, at least
in part due to the focused investment in research that has
taken place. A selection of recent reviews focused on intensity
and timing of rehabilitation is provided in Table 12.1.

Most evidence about timing and intensity of rehabilitation
would support early, targeted and more intense interventions
than that routinely delivered. However, there are of course
caveats to this: firstly, Page et al. [41] highlight that lasting
cortical changes have been demonstrated in task specific ther-
apies that are relatively non-intense; secondly, some intense
therapies such as constraint induced therapy are up to 6 h a
day which is difficult to absorb into clinical practice and lastly;
in more chronic phases of disability, rehabilitation therapy
may well be of benefit in stroke [42,43], traumatic brain injury
[44] and conditions such as multiple sclerosis [45]. So despite
some evidence, definitive guidance about intensity and timing
of rehabilitation is yet to be determined.

2. Who will benefit from rehabilitation?
Who will benefit from rehabilitation – can we accurately predict
response?

With limited resources and increasing demand, important
choices are constantly being made concerning service provi-
sion. Given the above arguments for providing more targeted,
intense rehabilitation at the appropriate windows of need

and opportunity, the question as to who should have prior-
ity in accessing services in the face of limited availability is
daunting. This section considers in particular which patients
(with acute stroke, moderate severe TBI and those in vege-
tative state) benefit from rehabilitation interventions in
terms of decreased impairment and/or improved function,
participation or QoL?

Whilst across the board increases in funding clearly have an
important part to play in facilitating access to services, being
able to accurately predict who will gain most is also import-
ant. This is not just because of resource limitation, but also so
as to promote access to the rehabilitation services/interven-
tions that are most appropriate for individual patients. But
how ‘evidence based’ are decisions about referral and dis-
charge from neurorehabilitation? Table 12.2 presents findings
of some recent reviews in the field.

Accurate prediction of who will benefit from rehabilitation
remains problematic. Variables such as premorbid function,
degree of neurological damage and deficit, age, mood and 
behavioural disturbance, functional performance at discharge,
and presence of social support emerge in many of the models
predicting improved long-term outcome. Whilst useful for
informing patients and their families about possible prognosis,
how useful are these models for targeting priority for specific
patients? Well the current answer has to be – not as useful as
we need them to be. Most variables are either aspects of being
human (age) or features of the neurological condition itself
(level of deficit) and the variance accounted for by even quite
complex multifactorial models is only around 60%.

It may be that this is as good as our predictive models can be
given the variability of human kind and heterogeneous pre-
sentation of neurological illness or injury. On the other hand,
perhaps some of the big issues impacting on outcome in neu-
rorehabilitation are yet to be well understood. For instance,
whilst ‘motivation’ to participate in rehabilitation has been
identified as key to achieving good outcomes [46–49], the con-
cept is poorly understood and problematic for clinicians and
patients [50]. In particular, motivation in neurological rehabili-
tation is a far more complex concept than many interventions,
and much of rehabilitation practice, would seem to reflect
[9,51]. If, as would appear likely given the nature of executive
functioning deficit, motivation is a skill set rather than a per-
sonality trait, intervention at this level may well be a core
component of the gains that need to be made in rehabilitation,
not only in enhancing motivation itself but in achieving the
core rehabilitation outcomes suggested earlier [7,8,10,52].
Finally, plateau has become a frequent rationale for discharge
from rehabilitation, particularly where services are contracted
according to continued functional gain. However, recent work
would suggest that even in areas where the phrase has become
common such as in stroke rehabilitation, it is of questionable
meaning and value [53,54].

Evidence to guide decisions about who should receive which
rehabilitation strategies is advancing. However, accurate
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Table 12.2 Predicting who will benefit more from rehabilitation (observational non-controlled studies).

Type of study Population Outcome Number of Main findings Comments
(reference) participants/trials

Observational. Vegetative state and Disability rating scale (DRS) Seven acute inpatient Initial disability (DRS), time between injury Observational research design. 
Whyte et al. [89] minimally conscious at 16 weeks post injury and rehabilitation centres and enrolment in the study, rate of DRS Authors note inconsistent 

state after TBI time until commands first across USA and Europe change during the first 2 weeks of the study findings of the nature of
followed (124 patients) were predictive of both outcomes pathology on outcome and 

(P � 0.001 – multivariate modelling). The call for prospective trials.
second model excluded rate of change but 
included hypothesized psychoactive medication 
exposure. Both initial DRS and later admission 
stayed in the model with exposure to 
Amantadine associated with positive outcome 
(P � 0.001) Dantroline worse (P � 0.011).

Observational. 1 year post-stroke Social activity measured by Four rehabilitation The highest correlation coefficient was found for The authors note that ‘social 
Schepers the Frenchay activities centres – (250 patients) the Multivariate analysis showed that gender sex activity’ is difficult to define. 
et al. [90] index (FAI). Disability and (female) B � 2.82 P � 0.010 and age B � �0.16, Utilized the FAI as it is commonly 

impairment – Motricity P � 0.001; followed Motricity Index (B � 0.1, used in stroke. This measure has 
Index and Barthel Index, P � 0.001); UCO (B � 0.92, P � 0.058) and been criticized elsewhere. 
The Trunk Control Test (TCT) Barthel score (B � 0.41, P � 0.031). The ROC Numerous variables that might 
and Utrecht Communication curve had an AUC of 0.85 (95% confidence impact on outcome not 
Observation (UTO). interval, 0.80–0.90). Claim to have developed a measured.

score chart that is easy to use in clinical practice 
for the identification of patients at risk for social 
inactivity 1 year post-stroke. The chart includes 
sex, age, marital status, Motricity Index.

Cicerone Stroke and TBI Cognitive rehabilitation – 87 studies. 291 TBI Substantial evidence that people with language Useful review and descriptive 
et al. [40]. mainly measures of patients and 247 with deficit after stroke benefit from cognitive-linguistic synthesis of cognitive rehabilita-
More detail in cognitive impairment stroke therapies and recent evidence supporting training tion. Reiterates the difficulty of 
Chapter 10. for those with apraxia after left hemisphere stroke. synthesising ‘evidence’ in 

Also for training those with mild memory rehabilitation due to lack of 
impairment and strategy training for those with standardization of interventions, 
post-acute attention deficit. 17 of the studies measures and methods. Also 
considered class 1 with 16 of these studies identifies need to consider broader 
supporting cognitive rehabilitation. range of outcomes including 

activities and participation.
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prediction of prognosis and for targeting strategies is likely to
require greater knowledge of variables such as motivation and
decreased reliance on outdated notions of ‘plateau’. Until then,
we may be able to ‘rule in’ who might benefit from rehabilita-
tion, but ‘ruling out’ is at best imprecise.

3. Specialist rehabilitation service
What are the key components of an effective specialist
rehabilitation service?

Given the emergent evidence that specialist rehabilitation is
effective [12–19], a key goal of research has been to deter-
mine just exactly what components of those services are
crucial for achieving better outcomes. It is perhaps unsur-
prising that there has therefore been a growth in focus on
this ‘black box’ of neurorehabilitation [55–64]. This section
considers in particular whether patients (with acute stroke)
benefit from any one aspect of the rehabilitation ‘black box’
in terms of decreased impairment and/or improved func-
tion, participation or QoL?

Recent steps to more fully identify, define and operational-
ize these components in stroke [63–66] have been under-
taken in the Post-Stroke Rehabilitation Outcomes Project
(PSROP)3 with findings recently published in a special issue of
the Archives of Physical Medicine and Rehabilitation [67–75].
The key goal of PSROP is to determine the impact that each
stroke rehabilitation ‘activity or intervention’ of itself and col-
lectively has on patient outcomes on discharge [65]. This is of
course no small endeavour given the complexity of rehabilita-
tion populations, interventions, control groups and outcome
measures (i.e. each level of the PICO format [76,77]). However,
the framework proposed and the methodological develop-
ments undertaken show very real potential for leading to a
better understanding of separate and interdependent compo-
nents/attributes of successful rehabilitation. DeJong highlights
a number of cautions in interpreting the findings of PSROP
[65], in particular the limited follow-up into the community
and the observational/clinical practice improvement (CPI)
rather than experimental nature of the work (meaning asso-
ciation but not causation is examined). However, the second
criticism (concerning a CPI methodology) must sit alongside
the fact that the randomized clinical trial format has fallen
short in answering some of the important questions in neu-
rorehabilitation [22,66].

A very real strength of PSROP is that it has proposed and
validated a taxonomy concerning what goes on in rehabilita-
tion after stroke. Whilst individual professions have proposed

checklists of input (e.g. physiotherapists [78]), there has been
little consensus about the nature of contributions between
and across the different disciplines. The clear specification of
both interventions and activities (the purpose for which inter-
ventions are delivered) is an advance in the specification of
rehabilitation. As a result, there seems very real potential to
determine the patterns of delivery of rehabilitation services
across different settings and countries, and to find out the pro-
portional effects of the various components of what is by def-
inition, an interdisciplinary and holistic process. In their
commentaries about PSROP, Ottenbacher [79] and Jette [80]
reiterate that caution is needed in interpreting and acting on
findings prior to replication and hopefully in studies where
bias and confounding are more controlled. However, they too
acknowledge the black box of rehabilitation has been at least
partially illuminated by PRSOP with such findings as:
• Fewer days from stroke symptom onset to rehabilitation
admission being associated with better functional outcomes
at discharge and shorter length of stay [74].
• Despite recognition that the environment influences task
performance, little time was spent in community mobility
activities by physiotherapists before discharge [73].
• More occupational therapy time spent on higher-level activ-
ities such as community integration, functional mobility, home
management, and leisure activities and greater use of high level
and complex speech and language therapy activities linked
with better functional outcome at discharge. However, in both
instances, these tend to be the least common activities focused
on during inpatient rehabilitation [69,75].
• The nature, duration and intensity of rehabilitation inter-
ventions and actions varied across sites [68,69,72–75,81]. In
particular, poorer outcome were found in the site where
greater time was spent on administrative versus treatment/
therapeutic activities [81].
As noted by DeJong [65], there are aspects of rehabilitation
that were not fully evaluated in the PRSOP study. Such
processes include team coherence and organizational milieu
and whilst other research would suggest they too are part of
the ‘black box’ of effective rehabilitation [21,82,83]. There is
undoubtedly more work to be done in this area if the crucial
components of specialist rehabilitation are to be determined
and prioritized.

Conclusion

Implications for health service organization and
policy
The need for neurorehabilitation provision is escalating and
evidence that more targeted and timely rehabilitation is the
most appropriate provision is also accumulating. However, for
health policy, a number of pieces in the jigsaw puzzle are still
missing. When is the timeliest provision for people with con-
ditions such as multiple sclerosis and Parkinson’s disease?
What is the best approach to utilizing goals in rehabilitation?
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3The study involved seven centres and 1291 patients where
stroke rehabilitation practice was documented in a standardized
format, and its relationship to inpatient outcomes investigated.

A European study investigating similar issues is currently
running – The Collaborative Evaluation of Rehabilitation in
Stroke Across Europe (CERISE).
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Is the provision of one rehabilitation strategy compared to
another (or no treatment) cost effective? We have few
answers to these questions and until we do, evidence based
policy in rehabilitation will probably remain a rare beast. The
knowledge base gained from stroke research is a real warning
that inadequate rehabilitation results in preventable death,
deterioration and harm [84]. These are not inconsequential
findings. For society to manage prioritization in provision of
services, it is clear that investment in research is crucial.
Whilst calls for this are frequent [85] and increasingly soci-
eties appears cognizant of this need, without an increase in
good rehabilitation research answering the important ques-
tions, decisions will be made on the absence of evidence and
that is unlikely to be in patient’s best interests.

Implications for research
There is certainly no shortage of research that needs to be
done in rehabilitation. Despite the advances that have been
noted, we need to facilitate research that:
• Has better specification of experimental and alternate
interventions.
• Utilizes, and where required develops, more robust meas-
ures of outcome appropriate to those interventions and to
what matters most to patients (in particular ‘participation’
or role fulfilment).
• Adopts more rigorous approaches to research method-
ology including appropriate power in studies so that defini-
tive results are determined when they actually do exist
along with appropriate blinding and randomization in RCTs.
• Is not deterred from developing and utilizing appropriate
methodologies to answer important questions, not all of
which will be answered by trial data.
It is also important to note in considering and devising reha-
bilitation research, that lifelong neurological conditions pose
a number of challenges for traditional research methods
including [22]:
(a) The effects of a long-term condition unfold over many
years – a time scale beyond the scope of most clinical trials.
(b) Interventions are complex and played out over a long
period, changing progressively in the light of the individual’s
response to what has gone before. They are frequently mul-
tidisciplinary in nature, and any one intervention will often
overlap and interact with others.
(c) The effect of any clinical intervention must be assessed
not only in the context of other clinical care, but also against
a complex background of social and environmental factors,
which are not adequately described by existing quantitative
techniques. To control properly for these ‘unseen con-
founders’ potentially requires a much larger sample than the
total affected population. This may be particularly so for the
less common conditions.
(d) By definition, in the context of a long-term condition,
‘cure’ or reversal of pathology is rarely a goal for treatment.
Instead, the intended outcomes focus on reducing the impact

of the disease – for example on QoL or societal participation.
Whilst a variety of standardized ‘measures’ have been develop-
ed to evaluate these issues, many appear to provide a less
than satisfactory reflection of real life experiences in chronic
conditions [28,86].
(e) Response shift is likely to occur throughout the trajec-
tory of a long-term condition and may confound evaluative
efforts [87].
These issues are not small but they are ones we need to con-
front and respond to. Without doing so, it is likely that patients
and their families will get less than they should from rehabili-
tation despite the efforts of those doing their best to deliver
evidence-based, high-quality interventions/services.

In conclusion recent advances in neurorehabilitation are
exciting and the evidence base to inform decision making in
practice is growing. Less than 10 years ago, rehabilitation was
arguably a ‘Cinderella’ of medicine and of research [88]. This
is no longer the case with it increasingly recognized as an
important area of management in neurology, and as making
a difference. There is much to learn from the gains made in
stroke rehabilitation where much hard work, focused atten-
tion and collaboration between leading clinicians and
researchers across a range of medical and non-medical dis-
ciplines has seen clear answers emerging in response to a
number of important questions. Such gains are vital for those
patients with other neurological conditions where disability
is frequent, but definitive answers less so.
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Background

Stroke refers to the clinical syndrome of sudden onset of focal or
global disturbance of central nervous system function, with no
apparent cause other than a vascular one [1]. Ischaemic stroke
is responsible for about 80% of all strokes, intracerebral haem-
orrhage for 15%, and subarachnoid haemorrhage for 5%. A
transient ischaemic attack (or TIA), has the same symptom com-
plex as a stroke, but with a resolution of these symptoms
within 24 h [2]. Most TIAs resolve within 1 h. It is increasingly
understood that TIAs and minor strokes represent a continuum
of disease; some now suggest that the time-based definition of
TIA yield to a tissue-based definition, as approximately one
third of people with clinically diagnosed TIAs will actually have
structural changes visible on neuroimaging, such as diffusion-
weighted MRI scanning (DWI) [3,4]. Other terms used in the
past to describe stroke and TIA, such as cerebrovascular accident
(CVA) and reversible ischaemic neurological deficit (RIND), lack
specificity, and have generally fallen out of common use.

Mechanism and pathophysiology
Strokes and TIAs occur when the blood supply to the brain
is disrupted, usually for one of the following reasons:
• Occlusion of the lumen of an artery by a blood clot that
develops as a local thrombus, often in relation to atheroscle-
rotic plaque rupture and endothelial injury, with activation
of the local coagulation cascade.
• Distal occlusion of the lumen of an artery by a blood clot
that has embolized from the heart (atrial fibrillation), aortic
arch or arterial system.
• Local or embolic blood clots related to hypercoagulable states
(hereditary or, secondary to systemic disease or malignancy).
• Occlusion of the arterial lumen following the dissection of
an arterial wall.
• Narrowing of smaller arteries due to arteriosclerosis.
• Rupture of a blood vessel wall (artery or vein), leading to
haemorrhage.
• Hypotension secondary to cardiac arrest or decreased cir-
culating blood volume.

During stroke or TIA, normal cellular function is lost in the
affected area of the brain, leading to the presenting symptoms.

If normal blood flow is not restored quickly, a infarct core of
dead cells will form; these cells do not recover. In many cases
of stroke, there also exists an area of tissue around the infarct
core (the ischaemic penumbra), which is metabolically threat-
ened, but theoretically viable [5]. If blood flow can be restored
quickly, this penumbral tissue may be salvagable, hopefully
resulting in a better clinical outcome for the patient.

Epidemiology
Each year, about 15 million people around the world experi-
ence a stroke; of these, 5 million die and 5 million are left per-
manently disabled [6]. In developed countries stroke is a
leading cause of death and dementia, and is the number one
cause of adult disability [6]. In general, stroke is a disease of
the elderly, and so these trends will increase over the next
several decades as the result of an aging population combined
with the disturbing persistence of many well understood
‘modifiable’ risk factors, including hypertension, dyslipi-
demia, smoking, diabetes, obesity, physical inactivity, exces-
sive alcohol intake and diets high in saturated fats and low in
fruits and vegetables.

Clinical scenario
A 67-year-old woman is brought to your local emergency
room by ambulance. Her family, who accompany her, tell you
that exactly 1 h and 15 min ago, she experienced a sudden
onset of complete paralysis of her left arm and leg, with an
associated facial droop, while having her evening meal. There
was no associated loss of consciousness, and the patient is not
aware that anything in particular is the matter, apart from a
slight headache. Her physical examination confirms a dense
left sided hemiparesis, with associated neglect phenomena,
including a left visual field cut. You have been able to ascer-
tain that she has hypertension, dyslipidemia, and normally
smokes one package of cigarettes per day. She is not taking
aspirin; her only medication is a diuretic. An emergency com-
puted tomography (CT) head scan does not demonstrate any
obvious abnormality. An electrocardiograph (ECG) shows her
to be in atrial fibrillation.
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Framing clinical questions and general
approach to search evidence

In general, four goals for the management of the patient
with acute stroke can be defined:
(1) minimize brain damage and restore perfusion, (2) restore
functional independence, (3) prevent complications, and 
(4) reduce the risk of stroke recurrence.
This chapter will address the following main clinical questions:
1 Among patients with hyper-acute ischaemic stroke, how
do intravenous (IV) thrombolysis, intra-arterial (IA) throm-
bolysis, and mechanical clot retrieval within the first few
hours affect the probability of long-term outcomes such as
death or dependency and of short-term adverse events such
as death and symptomatic intracranial haemorrhage (ICH)?
2 Among patients with acute ischaemic stroke, how does
the pharmacological treatment, the management of compli-
cations, and the organization of care affect the probability of
long-term outcomes such as death or dependence, and of
short-term adverse events?
3 Among patients with acute ischaemic stroke with brain
oedema, what treatment options affect the probability of
long-term outcomes such as death or dependence, and of
short-term adverse events?
4 Among patients with acute haemorrhagic stroke, are
there surgical treatments or drug therapies that influence
the probability of long-term outcomes such as death or
dependence, and of short-term adverse events?
5 What can be done to prevent further strokes in stroke
survivors?

The search strategy conducted to provide the best available
evidence to answer these questions included a review of the
Cochrane Library (using standard search terms) for completed
systematic reviews and randomized controlled trials, as well
as a search of the Internet Stroke Center’s Stroke Trials Direc-
tory (http://www.strokecenter.org/trials/) for completed clin-
ical trials not yet included in relevant systematic reviews, as
well as ongoing clinical trials.

Critical review of the evidence for 
each question

The main results of acute stroke treatment and management
are summarized on Table 13.1 that gives the relative risk
(RR) and the absolute risk reduction for each intervention.

1. Thrombolysis and clot retrieval
Among patients with hyper-acute ischaemic stroke, how do IV throm-
bolysis, IA thrombolysis, and mechanical clot retrieval within the first
few hours affect the probability of long-term outcomes such as death or
dependency and of short-term adverse events such as death and symp-
tomatic ICH?

IV thrombolysis
A Cochrane Systematic Review has demonstrated that throm-
bolytic therapy with recombinant tissue plasminogen activa-
tor (rt-PA) administered IV within 3 h of stroke onset for
highly selected patients who meet strict eligibility criteria has
been shown to save lives and reduce disability despite an early
risk of intracerebral haemorrhage [8]. The systematic review
included 18 randomized controlled trials, with 5727 patients;
16 trials were double-blind. About 50% of the data (patients
and trials) come from trials testing IV tissue plasminogen acti-
vator, with few data from patients aged over 80 years. Overall,
thrombolytic therapy, administered up to 6 h after ischaemic
stroke, significantly reduced the proportion of patients who
were dead or dependent (modified Rankin 3–6) at the end of
follow-up at 3–6 months (odds ratio (OR) 0.84, 95% confi-
dence interval (CI) 0.75–0.95). This was in spite of a signifi-
cant increase in: the odds of death within the first 10 days (OR
1.81, 95% CI 1.46–2.24), the main cause of which was fatal
ICH (OR 4.34, 95% CI 3.14–5.99). Symptomatic ICH was
increased following thrombolysis (OR 3.37, 95% CI
2.68–4.22). Thrombolytic therapy also increased the odds of
death at the end of follow-up at 3–6 months (OR 1.33, 95% CI
1.15–1.53). For patients treated within 3 h of stroke, throm-
bolytic therapy appeared more effective in reducing death or
dependency (OR 0.66, 95% CI 0.53–0.83) with no statistically
significant adverse effect on death (OR 1.13, 95% CI
0.86–1.48). There was heterogeneity between the trials that
could have been due to many trial features including: throm-
bolytic drug used, variation in the use of aspirin and heparin,
severity of the stroke (both between trials and between treat-
ment groups within trials), and time to treatment. It was the
opinion of the authors of the systematic review that the data
are promising and may justify the use of thrombolytic therapy
with IV recombinant tissue plasminogen activator in experi-
enced centres in highly selected patients where a licence
exists. A subsequent individual patient data meta-analysis has
suggested that the time window for IV rt-PA may extend
beyond 3 h [18].

At the present time, two large scale randomized con-
trolled trials are ongoing, and hope to identify whether the
time window for thrombolysis may be extended beyond the
3-h time interval. These two trials include the European
cooperative acute stroke study-3 (ECASS-3): (http://www.
strokeconference.org/sc_includes/pdfs/CTP34.pdf), and the
IST-3: (http://www.dcn.ed.ac.uk/ist3/).

IA thrombolysis
No systematic review was identified; the practice is presently
of limited clinical application, except in highly specialized
centres, where research continues. One ongoing research trial
(the Interventional Management of Stroke Study (IMS-3) is
attempting to provide data concerning the risks and benefits
of combined intravenous and intra-arterial (IV/IA) rt-PA in
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patients with ischaemic stroke http://www.strokecenter.org/
trials/.

Mechanical clot retrieval
Mechanical embolectomy has also been studied in the acute
stroke population, but no systematic review or randomized

controlled trials have been published. The Mechanical
embolus removal in cerebral ischaemia (MERCI) trial [19], a
phase II non-randomized study, involved 141 patients
treated within 8 h of symptom onset; patients were not eli-
gible for rt-PA. The primary outcomes were recanalization
and safety. In the study, recanalization of treatable vessels
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Table 13.1 Treatment and management of acute stroke.

Type of Intervention Outcome No of Control Relative risk Absolute Comment
study patients group risk (95% CI) risk 
(reference) (no of (range) reduction

trials)

SR [7] Stroke unit versus Death or 3935 59% 0.91 5% Organized stroke 
conventional care dependency (23) (39–100) (0.86–0.96) (2–8) care better

SR [8] Thrombolysis IV Death or 4807 56% 0.93 4% Thrombolysis better
versus control dependency (14) (41–80) (0.88–0.98) (1–7) Heterogeneity
Thrombolysis IV Symptomatic 5675 2.5% 3.54 �7% Thrombolysis worse
versus control haemorrhage (19) (0–6.5) (2.74–4.58) (5–8)
Thrombolysis IV within Death or 1311 60% 0.83 10% Thrombolysis better
3 h versus control dependency (10) (46–70) (0.75–0.92) (5–15)
rt-PA IV within Symptomatic 306 3.3% 3.27 �9% rt-PA worse
3 h versus Placebo haemorrhage (4) (0–5) (1.36–7.89) (3–15)

See text IA thrombolysis Currently being evaluated in research studies

See text Mechanical clot retrieval Approved for use in some jurisdictions based on a phase II non-randomized study, involving (only) 
141 patients (9).

SR [9] Aspirin Death or 41,207 47% 0.97 1% Aspirin better
(160–300 mg daily) dependency (5) (31–68) (0.95–0.99) (0–2)
versus control Symptomatic 41,399 0.1% 1.23 �2/1000 Aspirin worse

haemorrhage (9) (0–0.8) (1.00–1.50)

SR [10] Anticoagulants Death or 21,966 59% 1.00 0 Anticoagulant worse
versus control dependency (6) (26–65) (0.97–1.02) (ns)

Symptomatic 0.5% 2.63 �1%
haemorrhage (0–0.8) (1.95–3.55) (1–1)

SR [11] Mannitol versus control Just one small trials of 77 patients. Mortality outcome is not reported.

SR [12] Glycerol versus control Death 945 53% 0.83 4% Glycerol better
(10) (0–47) (0.67–1.04) (ns)

SR [13] Corticosteroid Death 453 32% 1.04 �1% Corticosteroids worse
versus control (7) (0–79) (0.83–1.29) (ns)

SR [14] Surgery craniotomy No RCT trials
versus medical

SR [15] Surgery for intracerebral Death at 254 52% 1.17 �9% Surgery worse
haemorrhage versus 6 months (3) (40–84) (0.87–1.57) (ns) Heterogeneity
medical

RCT [16] Surgery for intracerebral Favourable 1033 24% OR Surgery better
haemorrhage versus outcome (1) 0.89
medical (0.66–1.19)

RCT [17] Factor VII within 3 h Volume ICH 399 31% Placebo
versus placebo increase (1) 14% Factor VII

Death 399 29% Placebo
(3 months) (1) 18% Factor VII

SR: systematic review; RCT: randomized controlled trial; ns: not statistically significant; ICH: intracranial haemorrhage.
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with the study device was achieved in 48% (P � 0.0001)
patients treated. Investigators used adjuvant therapy in 51
instances after deployment of the device. Clinically significant
procedural complications occurred in 10 of 141 (7%) patients;
symptomatic ICH was observed in 11 of 141 (7.8%) patients.
Three percent of the devices used during the trial fractured,
possibly causing the death of 2 patients.

2. Organization of care
Among patients with acute ischaemic stroke, how does the organiza-
tion of care affect the probability of long-term outcomes such as
death or dependence and of short-term adverse events?

Reliable evidence from systematic reviews of randomized
trials strongly supports a policy of caring for all patients with
acute stroke on a geographically defined stroke unit with a
coordinated multidisciplinary team [7]. Organized stroke
unit care is provided by multidisciplinary teams that either
manage stroke patients in a dedicated ward (stroke ward),
with a mobile team (stroke team) or within a generic dis-
ability service (a mixed rehabilitation ward). Twenty-three
trials were included in the systematic review. Compared
with alternative services, stroke unit care showed reductions
in the odds of death recorded at final (median 1 year) 
follow-up (OR 0.86, 95% CI 0.71–0.94, P � 0.005), the
odds of death or institutionalized care (0.80, 0.71–0.90,
P � 0.0002) and death or dependency (0.78, 0.68–0.89,
P � 0.0003). Subgroup analyses indicated that the observed
benefits remained when the analysis was restricted to truly
randomized trials with blinded outcome assessment.
Outcomes were independent of patient age, sex, and stroke
severity but appeared to be better in stroke units based in a
discrete ward. There was no indication that organized stroke
unit care resulted in increased hospital stay. The authors
concluded that patients who receive organized inpatient
care in a stroke unit are more likely to be alive, independ-
ent, and living at home 1 year after the stroke. The benefits
were most apparent in units based in a discrete ward. No
systematic increase was observed in the length of inpatient
stay. On a population basis, such an approach will result in
less death and dependency than thrombolytic therapy
because far more patients are eligible for stroke unit care.

3. Treatment of acute ischaemic stroke
Among patients with acute ischaemic stroke, how does the pharma-
cological treatment affect the probability of long-term outcomes such
as death or dependence, and of short-term adverse events?

Antiplatelet agents (predominantly aspirin)
The use of antiplatelet agents in the acute stroke period has
been evaluated in one Cochrane Systematic Review [9]. Nine
trials involving 41,399 patients were included. Two trials test-
ing aspirin 160–300 mg once daily started within 48 h of onset
contributed 98% of the data. The maximum follow-up was 

6 months. With treatment, there was a significant decrease in
death or dependency at the end of follow-up (OR � 0.94,
95% CI 0.91–0.98). In absolute terms, 13 more patients were
alive and independent at the end of follow-up for every 1000
patients treated. Furthermore, treatment increased the odds
of making a complete recovery from the stroke (OR � 1.06,
95% CI 1.01–1.11). In absolute terms, 10 more patients
made a complete recovery for every 1000 patients treated.
Antiplatelet therapy was associated with a small but definite
excess of 2 symptomatic ICH for every 1000 patients treated,
but this was more than offset by a reduction of 7 recurrent
ischaemic strokes and about 1 pulmonary embolus for every
1000 patients treated. The authors concluded that antiplatelet
therapy with aspirin 160–300 mg daily, given orally (or per
rectum in patients who cannot swallow), and started within
48 h of onset of presumed ischaemic stroke reduces the risk
of early recurrent ischaemic stroke without a major risk of
early haemorrhagic complications and improves long-term
outcome. Further information regarding the appropriate
dose of aspirin has been provided by a non-Cochrane meta-
analysis, which had suggested that a policy of administering
aspirin (75–150 mg/day) within the first few days after stroke
will reduce the RR of stroke (and other adverse vascular
events) by about 20% [20].

Anticoagulants
The use of anticoagulants in acute stroke has been evaluated
in one Cochrane Systematic Review [10]. Twenty-two trials
involving 23,547 patients were included in the review. The
quality of the trials varied considerably. The anticoagulants
tested were standard unfractionated heparin (UFH), low-
molecular-weight heparins, heparinoids, oral anticoagulants,
and thrombin inhibitors. Based on nine trials (22,570
patients) there was no evidence that anticoagulant therapy
reduced the odds of death from all causes (OR � 1.05, 95%
CI 0.98–1.12) at the end of follow-up. Similarly, based on six
trials (21,966 patients), there was no evidence that anticoagu-
lants reduced the odds of being dead or dependent at the end
of follow-up (OR � 0.99, 95% CI 0.93–1.04). Although anti-
coagulant therapy was associated with about 9 fewer recur-
rent ischaemic strokes per 1000 patients treated (OR � 0.76,
95% CI 0.65–0.88), it was also associated with a similar sized
9 per 1000 increase in symptomatic ICH (OR � 2.52, 95% CI
1.92–3.30). Similarly, anticoagulants avoided about 4 pul-
monary emboli per 1000 (OR � 0.60, 95% CI 0.44–0.81),
but this benefit was offset by an extra 9 major extracranial
haemorrhages per 1000 (OR � 2.99, 95% CI 2.24–3.99).
Sensitivity analyses did not identify a particular type of anti-
coagulant regimen or patient characteristic associated with
net benefit, including those with: cardioembolic stroke,
‘stroke in progression’, vertebrobasilar territory stroke, or fol-
lowing thrombolysis for acute ischaemic stroke to prevent re-
thrombosis of the treated cerebral artery. The authors
concluded that immediate anticoagulant therapy in patients
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with acute ischaemic stroke is not associated with net short-
or long-term benefit. The data from this review do not sup-
port the routine use of any type of anticoagulant in acute
ischaemic stroke. It was also suggested that people treated
with anticoagulants had less chance of developing deep vein
thrombosis (DVT) and pulmonary embolism (PE) following
their stroke, but these sorts of blood clots are not very com-
mon, and may be prevented in other ways.

Anticoagulants versus antiplatelet agents
One Cochrane Systematic Review sought to assess the effect-
iveness of anticoagulants compared with antiplatelet agents in
acute ischaemic stroke, and to assess whether the addition of
anticoagulants to antiplatelet agents offers any net advantage
over antiplatelet agents alone [21]. A total of 16,558 patients
from four trials contributed to the analyses. The methodolog-
ical quality was high in all four trials. The anticoagulants
tested were UFH and low-molecular-weight heparin. Aspirin
was used as control in all trials. Overall, there was no evi-
dence that anticoagulants were superior to aspirin in reducing
‘death or dependency’ at long-term follow-up (OR 1.07, 95%
CI 0.98–1.15). Compared with aspirin, anticoagulants were
associated with a small but significant increase in the number
of deaths at the end of follow-up (OR 1.10, 95% CI
1.01–1.29), equivalent to 20 more deaths (95% CI 0–30) per
1000 patients treated; a significant increased risk of sympto-
matic ICH (OR 2.35, 95% CI 1.49–3.46); and a non-significant
increased risk of ‘any recurrent stroke’ during treatment
(OR 1.20, 95% CI 0.99–1.46). These neutral or adverse effects
outweighed a small, but significant effect on symptomatic
DVT (OR 1.20, 95% CI 0.07–0.58), equivalent to 10 fewer
(95% CI 0–30) DVTs by 14 days per 1000 patients treated
with anticoagulants instead of aspirin. Subgroup analysis could
not identify any type, dose, or route of administration of anti-
coagulants associated with net benefit, or any benefit in
patients with atrial fibrillation. Overall, the combination of
UFH and aspirin did not appear to be associated with a net
advantage over aspirin alone. A subgroup analysis showed
that, compared with aspirin, the combination of low-dose
UFH and aspirin was associated with a marginally significant
reduced risk of ‘any recurrent stroke’ (OR 0.75, 95% CI
0.56–1.03) and a marginally significant reduced risk of death
at 14 days (OR 0.84, 95% CI 0.69–1.01), and with no clear
adverse effect on death at end of follow-up (OR 0.98, 95% CI
0.85–1.12). The authors concluded that anticoagulants offered
no net advantages over antiplatelet agents in acute ischaemic
stroke. The combination of low-dose UFH and aspirin appeared
in a subgroup analysis to be associated with net benefits com-
pared with aspirin alone, and this merits further research.

HMG CoA reductase inhibitors (statins)
No systematic review was identified. The role that statins
might play within the first hours of acute stroke is being
addressed in the ongoing Fast Assessment of Stroke and

Transient ischemic attack to prevent Early Recurrences
(FASTER) trial, a multi-centre, randomized, double-blind,
controlled trial involving patients over the age of 40 with
reported or ongoing symptoms lasting at least 5 min and
having included either weakness and/or language distur-
bance at time of TIA/minor stroke. All patients will be
treated with aspirin. Patients will be randomized to clopido-
grel (300 mg loading dose � 75 mg/day) or placebo and to
simvastatin (40 mg/day) or placebo within 24 h of onset of
TIA or minor stroke. The primary outcomes are stroke at 90
days and stroke severity. Further information is available on
the FASTER website: http://www.faster.ca/.

Neuroprotective agents
A number of different agents acting at various points in the
ischaemic cascade to potentially protect vulnerable neurons
or salvage the ischaemic penumbra have been developed.
Cochrane Systematic Reviews have evaluated excitatory
amino acid antagonists [22], gangliosides [23], calcium chan-
nel antagonists [24], lubeluzole [25], methylxanthine deriva-
tives [26], and tirilazad [27]. Unfortunately, none of these
agents has been proven to be effective in the treatment of
acute ischaemic stroke, and some of them may actually cause
harm. A number of clinical trials involving agents with differ-
ent suspected neuroprotective mechanisms are ongoing
(http://www.strokecenter.org/trials/).

Haemodilution
Once Cochrane Review has evaluated the role of haemodilu-
tion in acute ischaemic stroke [28]. Haemodilution is thought
to improve the flow of blood to the affected areas of the brain
and thus reduce infarct size. Eighteen trials were included in
the review. A combination of venesection and plasma volume
expander was used in eight trials. Ten trials used plasma vol-
ume expander alone. The plasma volume expander was dex-
tran 40 in 12 trials, hydroxyethyl starch (HES) in 5 trials and
albumin in 1 trial. Two trials tested haemodilution in combin-
ation with another therapy. Evaluation was blinded in 11 
trials. Five trials probably included some patients with intrac-
erebral haemorrhage. Overall, haemodilution did not signifi-
cantly reduce deaths within the first 4 weeks (OR 1.09, 95% CI
0.86–1.38). Similarly, haemodilution did not influence deaths
within 3–6 months (OR 1.01, 95% CI 0.84–1.22), or death and
dependency or institutionalization (OR 0.98, 95% CI 0.84–1.15).
The results were similar in confounded and unconfounded
trials, and in trials of isovolaemic and hypervolaemic haemo-
dilution. No statistically significant benefits were documented
for any particular type of haemodiluting agents, but the statis-
tical power to detect effects of HES and albumin was weak.
Six trials reported venous thromboembolic events. There was
a tendency towards reduction in deep venous thrombosis
and/or PE at 3–6 months follow-up (OR 0.59, 95% CI 0.33–
1.06). There was no increased risk of serious cardiac events
among haemodiluted patients. One ongoing randomized,
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double-blind, placebo controlled clinical trial (ALIAS)
http://www.strokecenter.org/trials/ with a planned recruit-
ment size of 1800 patients is attempting to determine if
human serum albumin at 2 g/kg given over 2 h, to ischaemic
stroke patients, within 5 h of stroke onset results in improved
outcome at 3 months.

Hyperbaric oxygen
It has been postulated that hyperbaric oxygen therapy (HBOT)
may reduce the volume of brain that will die by greatly
increasing the oxygen available, and it may further improve
outcome by reducing brain swelling. One systematic review
was identified [29]. Three randomized controlled trials (106
participants) satisfied the inclusion criteria. The methodo-
logical quality of the trials varied but was generally high. Data
could be pooled for a limited number of clinically important
outcomes. There were no significant differences in mortality
rate at 6 months in those receiving HBOT compared to the
control group (RR 0.61, 95% CI 0.17–2.2, P � 0.45). Two 
of 15 scale measures of disability and functional indicated an
improvement following HBOT, both at 1-year follow up: the
mean Trouillas Disability Scale was lower with HBOT (mean
difference (MD) 2.2 points reduction with HBOT, 95% CI
0.15–4.3, P � 0.04) and the mean Orgogozo Scale was higher
(MD 27.9 points, 95% CI 4.0–51.8, P � 0.02). These improve-
ments were not reflected in other trials or functional scales.
The authors concluded that there was insufficient evidence to
show that HBOT improves clinical outcomes when applied
during the acute presentation of ischaemic stroke. While evi-
dence from the three randomized controlled trials is insuffi-
cient to provide clear guidelines for practice, clinical benefit
does not seem likely. Further research is required to better
define the role of HBOT in acute stroke.

Cooling
Hyperthermia has been associated with poor outcome after
stroke. One Cochrane Systematic Review has evaluated the
role of cooling in patients with acute stroke [30]. The object-
ive of the systematic review was to assess the effects of cool-
ing when applied to patients with acute ischaemic stroke or
primary intracerebral haemorrhage (PICH). No completed
randomized trials or controlled trials were identified. The
Nordic Cooling Stroke Study (NOCSS), a multi-centre ran-
domized controlled trial with an anticipated recruitment of
1000 patients, is presently evaluating the safety and possi-
bleneuroprotective efficacy of induced mild hypothermia in
non-anaesthetized patients who present within 6 h of a
moderate-to-severe acute hemispheric stroke (http://www.
strokeconference.org/sc_includes/pdfs/CTP8.pdf).

4. Management of complications
Among patients with acute ischaemic stroke, how does the manage-
ment of complications affect the probability of long-term outcomes
such as death or dependence, and of short-term adverse events?

People with acute stroke are at higher risk of complications,
such as deep venous thrombosis, PE, infection, pneumonia,
and skin breakdown. In general, all of these are preventable
with excellent nursing care [31]. In addition, there is at least
some evidence supporting the maintenance adequate oxygena-
tion, treating fevers with antipyretics, and maintaining a nor-
mal blood glucose level [31].

Prevention of deep venous thrombosis
One area that has been studied in more detail is involves the
prevention of deep venous thrombosis and PE. One Cochrane
Review evaluated the effectiveness and safety of physical meth-
ods of preventing the onset of DVT and fatal or non-fatal PE in
patients with recent stroke [32]. Symptomatic DVT and result-
ing PE are uncommon but important complications of stroke.
There is good evidence that anticoagulants can reduce the risk
of DVT and PE after stroke, but this benefit is offset by a small
but definite risk of serious haemorrhages. Physical methods to
prevent DVT and PE (such as compression stockings applied to
the legs) are not associated with any bleeding risk and are effec-
tive in some categories of medical and surgical patients. Two
small trials which included 123 patients were identified. In one
trial of 97 patients, compression stockings were associated with
a non-significant trend towards a reduction in DVT detected by
Doppler ultrasound. In one trial of 26 patients, an intermittent
pneumatic compression device was not associated with a signif-
icant reduction in DVT detected by 125-I-fibrinogen scanning.
Overall, physical methods were not associated with a signifi-
cant reduction in DVT during the treatment period in survivors
(OR 0.54, 95% CI 0.18–1.57) or death (OR 1.54, 95% CI
0.5–4.77). The authors concluded that there was insufficient
evidence from randomized trials to support the routine use of
physical methods for preventing DVT in acute stroke.

CLOTS (Clots in Legs or TEDS after Stroke), is an ongoing
two-part, multi-centre, randomized, partially blinded, con-
trolled trial with a planned enrolment of 2000 patients in
each trial is evaluating the role of graduated compression
stockings in patients presenting within 7 days of stroke, who
are not independently mobile (i.e. who are unable to get up
and walk across the room), and who can be randomized
within 3 days of hospital admission. In trial one, patients for
whom the responsible clinician is unsure about the value of
graduated compression stockings are eligible for this study. In
trial two, patients requiring graduated compression stockings
for whom the responsible clinician is unsure of the optimum
stocking length, are eligible for this study. The primary out-
come is incidence at 30 days of DVT’s in the popliteal or more
proximal veins, detected on either Doppler ultrasound or
venography. Further information is available at the CLOTS
trial website: http://www.clotstrial.com/.

Blood pressure
Acute blood pressure (BP) alteration has been evaluated in
one Cochrane Systematic Review [33], which sought to assess
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the effect of lowering or elevating BP in people with acute
stroke, and the effect of different vasoactive drugs on BP in
acute stroke. Data were obtained for 32 trials (5368 patients).

Calcium channel blockers (CCBs) and prostacyclin.
Significant imbalances in baseline BP were present across
trials of IV CCBs and prostacyclin. Major imbalances in base-
line BP between treatment and control groups have made
the interpretation of these results difficult. IV CCBs and oral
CCBs. Significantly lowered late BP as compared to controls.
Systolic/diastolic BP: IV CCBs �8.2/�6.7 mmHg (95% CI
�12.6 to �3.8)/(95% CI �9.2 to �4.3); oral CCBs �3.2/
�2.1 mmHg (95% CI �5.0 to �1.3)/(95% CI �3.0 to �1.0).
CCBs also significantly reduced heart rate by �2.8 beats/min
(95% CI �3.9 to �1.7).

Beta blockers significantly lowered late diastolic BP but
not significantly late systolic BP; �5.0/�4.5 mmHg (95%
CI �10.2–0.4)/(95% CI �7.8 to �1.15). Beta blockers also
significantly reduced heart rate by �9.3 beats/min (95%
CI �12.0 to �6.6).

Angiotensin-converting enzyme (ACE) inhibitors and
prostacyclin non-significantly reduced late BP as compared to
the controls by �5.4/�3.0 mmHg (95% CI �16.5–5.8)/(95%
CI �11.1–5.0) and �7.4/�3.9 mmHg (95% CI �15.6–0.2)/
(95% CI �8.1–0.4), respectively. Prostacyclin significantly
increased late heart rate by �5.6 beats/min (95% CI 0.8–10.4).

Magnesium, naftidrofuryl and piracetam had no signifi-
cant effect on BP.

None of the drug classes significantly altered outcome apart
from beta blockers and streptokinase which increased early
case fatality (OR 1.77, 95% CI 1.05–3.00) and 2.27 (95% CI
1.4–3.67). The authors concluded that there was not enough
evidence to reliably evaluate the effect of altering BP on out-
come after acute stroke. CCBs, beta blockers, and probably
ACE inhibitors, prostacyclin and nitric oxide, each lowered
BP during the acute phase of stroke. In contrast, magnesium,
naftidrofuryl, and piracetam had little or no effect on BP. 
A number of randomized controlled clinical trials are ongoing
in this area, including:

COSSACS (Continue or Stop post-Stroke Antihyperten-
sives Collaborative Study: http://www.le.ac.uk/cv/research/
COSSACS/COSSACShome.html);

CHHIPPS (Controlling Hypertension and Hypotension
Immediately Post-Stroke Trial: http://www.le.ac.uk/cv/
research/CHHIPS/HomePage.html);

HASTE (Hypertension in Acute Stroke TrEatment: http://
www.strokecenter.org/trials/);

ENOS (Efficacy of Nitric Oxide in Stroke: http://www.enos.
ac.uk/).

Blood glucose control
Hyperglycaemia is associated with poor outcome after
stroke, suggesting that may be beneficial. One Cochrane
Systematic Review [34] is available in abstract form, and
proposes to determine whether maintaining serum glucose

within a specific normal range (4–7 mmol/L) in the first 24 h
of acute ischaemic stroke influences outcome, but no defini-
tive clinical trial data are available. An ongoing multi-centre
randomized controlled trial (the United Kingdom Glucose
Insulin in Stroke Trial (GIST-UK http://www.strokeconfer-
ence.org/sc_includes/pdfs/CTP35.pdf) plans to enroll 2400
patients presenting within 24 h of CT-proven acute stroke,
and a baseline plasma glucose of either �6.0 mmol/L or
�17 mmol/L. The treatment group will receive a single 24-h
continuous infusion of 10% glucose, 20 mMol KCl, and
variable-dose actrapid insulin adjusted to maintain capillary
whole blood glucose at 4–7 mmol/L. The control group will
be infused with normal saline at 100 mL/h for 24 h.

5. Brain oedema
Among patients with acute ischaemic stroke and significant brain
oedema, what treatment options affect the probability of long-term
outcomes such as death or dependence, and of short-term adverse
events?

Several treatment strategies have been identified that attempt
to deal specifically with brain oedema in the early stages of
ischaemic stroke, but support for their routine use has not
been confirmed by the evidence.

Mannitol
One Cochrane Systematic Review evaluated the use of manni-
tol in acute ischaemic stroke [11]. It has been theorized that
since mannitol is an osmotic agent and a free radical scavenger,
it might decrease oedema and tissue damage in stroke.
Unfortunately, only one trial fulfilled the inclusion criteria. The
number of included patients was small (36 treated and 41 con-
trols) and the follow up was short. Neither beneficial nor harm-
ful effects of mannitol could be proved. Case fatality, the
proportion of dependent patients at the end of the follow up
and side effects were not reported and were not available from
the investigators. The planned outcome analyses and sensitivity
analyses could not be performed due to lack of appropriate tri-
als. The authors concluded that there is currently not enough
evidence to decide whether the routine use of mannitol in
acute stroke would result in any beneficial or harmful effect.

Glycerol
One Cochrane Systematic Review evaluated the role of IV
glycerol treatment in acute stroke [12]. A 10% solution of
glycerol is a hyperosmolar agent that is thought to reduce
brain oedema. The review sought to determine whether IV
glycerol treatment in acute stroke, either ischaemic or haem-
orrhagic, influences death rates and functional outcome in
the short or long term, and whether the treatment is safe.
Eleven completed, randomized trials comparing IV glycerol
and control were considered. Analysis of death during 
the scheduled treatment period for acute ischaemic and/or
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haemorrhagic stroke was possible in 10 trials where 482 glyc-
erol treated patients were compared with 463 control
patients. Glycerol was associated with a non-significant reduc-
tion in the odds of death within the scheduled treatment
period (OR 0.78, 95% CI 0.58–1.06). Among patients with
definite or probable ischaemic stroke, glycerol was associated
with a significant reduction in the odds of death during the
scheduled treatment period (OR 0.65, 95% CI 0.44–0.97).
However, at the end of the scheduled follow up period, there
was no significant difference in the odds of death (OR 0.98,
95% CI 0.73–1.31). Functional outcome was reported in only
two studies but there were non-significantly more patients
who had a good outcome at the end of scheduled follow up
(OR 0.73, 95% CI 0.37–1.42). Haemolysis seems to be the
only relevant adverse effect of glycerol treatment. The
authors concluded that there was the suggestion of a
favourable effect of glycerol treatment on short-term survival
in patients with probable or definite ischaemic stroke, but the
CI were wide and the magnitude of the treatment effect may
be only minimal. The lack of evidence of benefit in long-term
survival does not support the routine or selective use of glyc-
erol treatment in patients with acute stroke.

Corticosteroids
Corticosteroids have been used to reduce brain swelling to
help limit damage and speed recovery. Although studies of
their use in acute stroke have been disappointing many
physicians continue to treat stroke with corticosteroids. One
Cochrane Systematic Review [13] included seven trials involv-
ing 453 people. No difference was shown in the odds of death
within 1 year (OR 1.08, 95% CI 0.68–1.72). Treatment did
not appear to improve functional outcome in survivors. Six
trials reported neurological impairment but pooling the data
was impossible because no common scale or time interval
was used. The results were inconsistent between individual
trials. The only adverse effects reported were small numbers of
gastrointestinal bleeds, infections, and deterioration of hyper-
glycaemia across both groups. There is not enough evidence to
evaluate corticosteroid treatment for people with acute pre-
sumed ischaemic stroke.

Craniectomy
The high mortality that follows large cerebral infarctions is
in part due to brain oedema, with mass effect leading to her-
niation. Craniectomy is sometimes performed on patients with
massive infarcts whose level of consciousness is declining in
an attempt to improve survival and hopefully longer-term
outcome. One Cochrane Systematic Review [14] evaluated
the role of decompressive surgery with medical therapy alone
on the outcomes death and ‘death or dependency’ in patients
with an acute ischaemic stroke complicated by clinical and
radiologically confirmed cerebral oedema. Over 9000 citations
were retrieved and inspected for relevance in this systematic
review. No randomized controlled trials were identified to

include in a meta-analysis. Five observational studies report-
ing comparative data were found along with a number of
small series and single case reports. The authors concluded
that there was no evidence from randomized controlled tri-
als to support the use of decompressive surgery for the treat-
ment of cerebral oedema in acute ischaemic stroke. At the
present time, there are several ongoing randomized con-
trolled trials ongoing in this area, including the DECIMAL
(DEcompressive Craniectomy In MALignant Middle Cerebral
Artery Infarcts) trial, which plans to evaluate 60 consecutive
patients presenting with patients who present within 24 h of a
malignant MCA infarct (http://www.strokecenter.org/trials/);
the DESTINY (Decompressive Surgery for the Treatment of
Malignant Infarction of the Middle Cerebral Artery) trial,
which plans to randomize 68 patients with onset of symp-
toms between 12 and 36 h to hemicraniectomy versus best
medical management (http://www.strokecenter.org/trials/);
the HAMLET (Hemicraniectomy After MCA infarction with Life-
threatening Edema Trial), a multi-centre, open, randomized
clinical trial of 112 patients with space-occupying infarct in the
territory of the middle cerebral artery in either hemisphere
leading to a decrease in consciousness randomized to surgery
or best medical management (http://www.strokecenter.org/
trials/); and the HeMMi (Hemicraniectomy For Malignant Middle
Cerebral Artery Infarcts) trial, an pen randomized clinical trial
of patients diagnosed clinically and radiographically with
ischaemic stroke in the middle cerebral artery territory, who
will be randomized to surgery or best medical management
(http://www.strokecenter.org/trials/).

In clinical practice, patients with large cerebellar infarcts
with volume effects such as compression of the fourth ven-
tricle may benefit from surgical intervention, but there are
no randomized clinical trials to support this.

6. Treatments for acute haemorrhagic stroke
Among patients with acute haemorrhagic stroke, are there surgical
treatments and hyper-drug therapies that influence the probability
of long-term outcomes such as death or dependence, and of short-
term adverse events?

Surgery
One Cochrane Systematic Review was identified that assessed
the effects of surgery plus routine medical management, com-
pared with routine medical management alone, in patients
with primary supratentorial intracerebral haematoma [15].
Four trials were included. No trial had blinded outcome
assessment. Craniotomy and endoscopic evacuation were
analysed separately. Craniotomy showed a non-significant
trend towards increased odds of death and dependency
among survivors (OR 1.99, 99% CI 0.92–4.31). The result
was inconclusive in the two trials with patients confirmed as
having primary supratentorial intracerebral haematoma by
CT. Endoscopic evacuation was not shown to significantly
decrease the odds of death and dependency among survivors
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in one trial involving 100 patients (OR 0.45, 99% CI
0.15–1.33). The authors concluded that there is not enough
evidence to evaluate the effect of craniotomy or stereotactic
surgery, or endoscopic evacuation in patients with supraten-
torial intracerebral haematoma.

Since this Cochrane Systematic Review was updated, an
additional randomized controlled trial comparing surgical
intervention versus a non-surgical approach for treating
supratentorial haemorrhages has been published [16]. In this
trial, 1033 patients from 83 centres in 27 countries were ran-
domized to early surgery (503) or initial conservative treat-
ment (530). At 6 months, 51 patients were lost to follow-up,
and 17 were alive with unknown status. Of 468 patients ran-
domized to early surgery, 122 (26%) had a favourable outcome
compared with 118 (24%) of 496 randomized to initial conser-
vative treatment (OR 0 89, 95% CI 0 66–1 19, P � 0.414). 
The authors concluded that patients with spontaneous
supratentorial intracerebral haemorrhage in neurosurgical
units show no overall benefit from early surgery when 
compared with initial conservative treatment.

Although no clinical trial evidence has been provided, it is
common practice to consider patients with infratentorial
haemorrhages for surgical decompression if mass-effect is a
consideration.

Drugs for acute haemorrhagic stroke
One Cochrane Systematic Review aimed to determine whether
corticosteroid therapy reduces the proportion of patients who
die or have a poor outcome at 1–6 months after the onset 
of ICH and to determine the frequency of adverse effects of
corticosteroid therapy in patients with ICH within 6 months
of the onset of the event [35]. Eight trials that fulfilled the
eligibility criteria were identified, with a total of 206 patients
in five PICH trials. The studies differed substantially with regard
to the study populations and drugs, and methodological qual-
ity. The number of patients allocated to dexamethasone treat-
ment in patients with PICH, was too small to make any
definitive conclusions (CI were wide for any of the outcome
estimates). The authors concluded that there was no evidence
of a beneficial or adverse effect of corticosteroids in patients
with PICH. CI are wide and include clinically significant effects
in both directions.

A recent phase II study of 399 patients evaluating different
doses of recombinant activated factor VII (VIIa), a pro-coagulant
drug, demonstrated a significant reduction in the size of post-
treatment haematoma volume when compared to placebo
[17]. One phase III randomized, double-blind, placebo con-
trolled trial has recently completed enrollment. The study aims
to determine if the use of recombinant factor VIIa in patients
with acute intracerebral bleeding will help more patients
recover without severe permanent disability by reducing fur-
ther intracerebral bleeding. Patients with spontaneous ICH
within 3 h after first symptom will be included. The primary
outcome is clinical outcome after 3 months, with secondary

outcomes including haematoma volume and mortality. Fur-
ther information is available from the FAST website, http://
www.clinicaltrials.gov/ct/show/NCT00127283?order�1.

7. Secondary prevention
What can be done to prevent further strokes in stroke survivors?

The major evidence findings are summarized in Table 13.2 that
reports the available RR and absolute risk reduction.

Risk factor modification
Hypertension: It is generally accepted that hypertension is
the most important modifiable risk factor for stroke, and must
be treated to acceptable standards. One systematic review
[36] assessed the effectiveness of lowering BP in preventing
recurrent vascular events in patients with previous stroke
(ischaemic or haemorrhagic) or TIA. Seven randomized con-
trolled trials, with eight comparison groups, were included.
The results of the meta-analysis indicated that lowering BP
or treating hypertension with a variety of antihypertensive
agents reduced a number of outcome events, including: stroke
(OR 0.76, 95% CI 0.63–0.92), non-fatal stroke (OR 0.79, 95%
CI 0.65–0.95), myocardial infarction (MI) (OR 0.79, 95% CI
0.63–0.98), and total vascular events (OR 0.79, 95% CI
0.66–0.95). Importantly, heterogeneity was present for several
outcomes and was partly related to the class of antihyper-
tensive drugs used. The meta-analysis indicated that ACE
inhibitors and diuretics separately, and especially together,
reduced vascular events, while beta-receptor antagonists had
no discernable effect. The reduction in stroke was related to
the difference in systolic BP between treatment and control
groups (P � 0.002). The authors of the systematic review
indicated that the trial evidence supported the use of antihy-
pertensive agents in lowering BP for the prevention of vas-
cular events in patients with previous stroke or TIA. In
addition, vascular prevention was associated positively with
the magnitude by which BP is reduced. Many countries now
have national hypertension guidelines with specific targets
for stroke prevention.

Serum lipids: One systematic review was identified, which
investigated the effect of altering serum lipids in the pre-
vention of cardiovascular disease and stroke recurrence in
subjects with a history of stroke [45]. Five studies involving
1700 patients were included in the review. Fixed effects
analysis showed no evidence of a difference in stroke recur-
rence between the treatment and placebo groups for those
with a previous history of stroke or TIA (OR 0.96, 95% CI
0.71–1.30). In addition there was also no evidence, based on
two studies, that intervention reduced the odds of all cause
mortality (OR 0.87, 95% CI 0.55–1.39) nor, from one study,
that there was any effect on subsequent vascular events (OR
1.27, 95% CI 0.84–1.89). Data from these trials do not pro-
vide strong evidence for benefit, or harm, from interventions
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Table 13.2 Secondary prevention after an acute stroke.

Type of Patients Intervention Outcome No of Control Relative risk Absolute Comment
study (follow-up time) participants group risk (95% CI) risk 
(reference) (No. of trials) (Range) reduction 

(95% CI)

SR [36] Stroke and TIA Diuretics Vascular events 15,428 16% 0.79* 3% Lowering BP better
hypertension ACE inhibitors (2–5 years) (6) (0.66–0.95) Heterogeneity

Beta blockers versus control Due to types of drugs

SR (37) Stroke and TIA Drugs for lowering lipid Stroke 1448 15% 0.97 1%
levels versus placebo (1–5 years) (4) (13–38) (0.76–1.23) (ns)

RCT [37] Stroke or TIA also with Simvastatin 40 mg Vascular events 3280 25% 0.80 5% Statin better
normal cholesterol versus placebo (5 years) (1) (0.71–0.92) Subgroup of large RCT

SR [38] Stroke or TIA atrial Oral anticoagulants Vascular events 485 33% 0.64 12% Anticoagulant better
fibrillation INR 2.4–1.8 (2 years) (2) (31–44) (0.48–0.87) (4–19)

versus control Major extracranial 439 1% 6.18 �5% Anticoagulant worse
bleeding (2 years) (1) 1.41–27.07 (2–8)

SR [39] Stroke or TIA Oral anticoagulants Vascular events 1316 5% 2.30 �7% Anticoagulant worse
non-cardioembolic (INR 3–4.5) versus (1 year) (1) (1.58–3.35) (4–10)

Aspirin 30 mg

SR [40] Stroke or TIA Aspirin versus control Vascular events 18,270 21% 0.78* 3% Aspirin better
(3 years) (21) (0.73–0.85)

SR [41] Stroke and TIA Ticlopidine or Vascular events 9840 18% 0.92 1% Ticlopidine or 
clopidogrel versus Aspirin 2 years (3) (9–26) (0.85–1.00) (0–3) clopidogrel better

RCT [42] Stroke and TIA plus Clopidogrel 75 mg plus Vascular events 7599 13% 0.94 0.7% Clopidogrel plus aspirin better
one risk factor aspirin 75 mg versus (1.5 year) (1) (0.83–1.07) (ns)

Clopidogrel 75 mg Major bleeding 1.3% 0.34 �1.3% Clopidogrel plus aspirin worse
(1.5 year) (0.21–0.57) (0.6–1.9)

SR [43] Symptomatic Endarterectomy Disabling stroke and 1247 14% 0.52 7% Endarterectomy better
carotid stenosis versus control death (2–6 years) (2) (11–16) (0.37–0.73) (3–10)
70–99% (NASCET) Disabling stroke and 0.6% 3.52 �2% Endarterectomy worse

death (30 days) (0–1) (1.11–11.13) (1–3)

SR [44] Carotid stenosis Endovascular versus Death and stroke 723 9% 1.38 �3% Increased risk
endarterectomy (1 year) (2) (4–13) (0.88–1.95) (ns) heterogeneity

Death and stroke 1157 7% 1.23 �2% Increased risk
(30 days) (5) (0–10) (0.83–1.81) (ns) heterogeneity

See text Other risk factors Although systematic reviews are lacking, what evidence is available would strongly support regular monitoring of 
blood glucose levels in diabetics, that smoking cessation strategies employed wherever possible, and that patients adopt 
a healthy diet and active lifestyle.

SR: systematic review; RCT: randomized controlled trial; ns: not statistically significant. *OR instead of RR.
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to alter serum lipid levels in patients with a history solely of
cerebrovascular disease. Their use, therefore, cannot yet be
recommended routinely in this patient group, but ischaemic
stroke patients with a history of MI should receive statin
therapy along the lines of the previous recommendations for
those patients with a history of myocardial ischaemia. This
systematic review had not been updated to include the
results of the Heart Protection Study [37]. This trial enrolled
20,536 patients, 40–80 years, at elevated risk of coronary
heart disease death because of past history of MI or other
coronary heart disease, occlusive disease of non-coronary
arteries, diabetes mellitus or treated hypertension, or had
baseline blood total cholesterol of 3.5 mmol/L or greater.
The trial demonstrated benefit in patients with prior stroke
and TIA, even if their low density lipoprotein (LDL) choles-
terol level was not significantly elevated. Simvastatin signif-
icantly reduced the first event rate of stroke versus placebo
(444 versus 585, P � 0.0001). There was no significant dif-
ference in strokes attributed to haemorrhage (51 versus 53,
P � 0.8). Simvastatin also reduced the number of patients
having transient cerebral ischaemic attacks alone (2.0% ver-
sus 2.4%, P � 0.02) or requiring carotid endarterectomy or
angioplasty (0.4% versus 0.8%, P � 0.0003). Stroke reduc-
tion was not significant in the 1st year, but was highly signif-
icant by the end of the 2nd year (P � 0.0004) and continued
through the 5-year follow-up.

Other risk factors: Although systematic reviews are lacking,
what evidence is available would strongly support regular
monitoring of blood glucose levels in diabetics, that smoking
cessation strategies employed wherever possible, and that
patients adopt a healthy diet and active lifestyle.

Antithrombotic agents
Anticoagulants for patients with atrial fibrillation: It is known
that people with non-rheumatic atrial fibrillation (NRAF)
who have had a TIA or a minor ischaemic stroke are at high
risk of recurrent stroke. One Cochrane Systematic Review
sought to assess the effect of anticoagulants for secondary pre-
vention, after a stroke or TIA, in patients with NRAF [38].
Two trials involving 485 people were included. Follow-up
time was 1.7 years in one trial and 2.3 years in the other.
Anticoagulants reduced the odds of recurrent stroke by two-
thirds (OR 0.36, 95% CI 0.22–0.58). The odds of all vascular
events was shown to be almost halved by treatment (OR 0.55,
95% CI 0.37–0.82). The odds of major extracranial haemor-
rhage was increased (OR 4.32, 95% CI 1.55–12.10). No
intracranial bleeds were reported among people given anti-
coagulants. The authors concluded that anticoagulants are
beneficial, without serious adverse effects, for people with
NRAF and recent cerebral ischaemia.

Anticoagulants versus antiplatelet agents for patients with atrial
fibrillation: One Cochrane Systematic Review compared the
effect of anticoagulants with antiplatelet agents, for secondary
prevention, in people with NRAF and previous cerebral

ischaemia [46]. Two trials were identified. The European
Atrial Fibrillation Trial (EAFT) involving 455 patients, who
received either anticoagulants (International Normalized
Ratio (INR) 2.5–4.0), or aspirin (300 mg/day). Patients joined
the trial within 3 months of TIA or minor stroke. The mean
follow up was 2.3 years. In the Studio Italiano Fibrillazione
Atriale (SIFA) trial, 916 patients with NRAF and a TIA or
minor stroke within the previous 15 days were randomized to
open label anticoagulants (INR 2.0–3.5) or indobufen (a
reversible platelet cyclooxygenase inhibitor, 100 or 200 mg
bid). The follow-up period was 1 year. The combined results
show that anticoagulants were significantly more effective
than antiplatelet therapy both for all vascular events (Peto
odds ratio (Peto OR) 0.67, 95% CI 0.50–0.91) and for recur-
rent stroke (Peto OR 0.49, 95% CI 0.33–0.72). Major
extracranial bleeding complications occurred more often in
patients on anticoagulants (Peto OR 5.16, 95% CI 2.08–
12.83), but the absolute difference was small (2.8% per year
versus 0.9% per year in EAFT and 0.9% per year versus 0%
in SIFA). Warfarin did not cause a significant increase of
intracranial bleeds. The authors concluded that the evidence
from two trials suggests that anticoagulant therapy is superior
to antiplatelet therapy for the prevention of stroke in people
with NRAF and recent non-disabling stroke or TIA. The risk of
extracranial bleeding was higher with anticoagulant therapy
than with antiplatelet therapy.

Anticoagulants for patients with non-cardiac stroke: One
Cochrane Systematic Review sought to determine the effect
of prolonged anticoagulant therapy (compared with placebo
or open control) following presumed non-cardioembolic
ischaemic stroke or TIA [47]. Eleven trials involving 2487
patients were included. The quality of the nine trials which
predated routine computerized tomography scanning and the
use of the INR to monitor anticoagulation was poor. There was
no evidence of an effect of anticoagulant therapy on either
the odds of death or dependency (two trials, OR 0.83, 95% CI
0.52–1.34) or of ‘non-fatal stroke, MI, or vascular death’ (four
trials, OR 0.96, 95% CI 0.68–1.37). Death from any cause
(OR 0.95, 95% CI 0.73–1.24) and death from vascular causes
(OR 0.86, 95% CI 0.66–1.13) were not significantly different
between treatment and control. The inclusion of two recent
completed trials did not alter these conclusions. There was no
evidence of an effect of anticoagulant therapy on the risk 
of recurrent ischaemic stroke (OR 0.85, 95% CI 0.66–1.09).
However, anticoagulants increased fatal ICH (OR 2.54, 95%
CI 1.19–5.45), and major extracranial haemorrhage (OR 3.43,
95% CI 1.94–6.08). This is equivalent to anticoagulant ther-
apy causing about 11 additional fatal ICH and 25 additional
major extracranial haemorrhages per year for every 1000
patients given anticoagulant therapy. The authors concluded
that, compared with control, there was no evidence of benefit
from long-term anticoagulant therapy in people with pre-
sumed non-cardioembolic ischaemic stroke or TIA, but there
was a significant bleeding risk.
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Anticoagulants versus aspirin for patients with non-cardiac
stroke: One Cochrane Systematic Review [39] evaluated five
trials, with a total of 4076 patients. The available data do not
allow a robust conclusion on whether anticoagulants (in any
intensity) are more efficacious in the prevention of vascular
events than antiplatelet therapy (medium intensity anticoag-
ulation RR 0.96, 95% CI 0.38–2.42, high intensity anticoag-
ulation RR 1.02, 95% CI 0.49–2.13). There is no evidence
that treatment with low or medium intensity anticoagulation
gives a higher bleeding risk than treatment with antiplatelet
agents. The RR for major bleeding complications for low
intensity anticoagulation was 1.27 (95% CI 0.79–2.03) and
for medium intensity anticoagulation 1.19 (95% CI 0.59–
2.41). However, it was clear that high intensity oral anticoagu-
lants with INR 3.0–4.5 were not safe, because they yielded 
a higher risk of major bleeding complications (RR 9.0, 95%
CI 3.9–21).

Antiplatelet agents other than aspirin: The most widely stud-
ied and prescribed antiplatelet agent for the prevention of
stroke and other serious vascular events among high vascular
risk patients is aspirin [40]. One Cochrane Systematic Review
sought to determine the effectiveness and safety of thienopy-
ridine derivatives (ticlopidine and clopidogrel) versus aspirin
for the prevention of serious vascular events (stroke, MI or
vascular death) in patients at high risk of such events, and
specifically in patients with a previous TIA or ischaemic stroke
[41]. Four trials involving a total of 22,656 high vascular risk
patients were included. The trials were of high quality and
comparable. Aspirin was compared with ticlopidine in three
trials (3471 patients) and with clopidogrel in one trial (19,185
patients). Allocation to a thienopyridine was associated with a
modest, yet statistically significant, reduction in the odds of a
serious vascular event (12.0% versus 13.0%, OR 0.91, 95%
CI 0.84–0.98, 2P � 0.01), corresponding to the avoidance of
11 (95% CI 2–19) serious vascular events per 1000 patients
treated for about 2 years. There was also a reduction in stroke
(5.7% versus 6.4%, OR 0.88, 95% CI 0.79–0.98, 7 (95% CI
1–13) strokes avoided per 1000 patients treated for 2 years).
Compared with aspirin, thienopyridines produced a signifi-
cant reduction in the odds of gastrointestinal haemorrhage
and other upper gastrointestinal upset, but a significant
increase in the odds of skin rash and of diarrhoea. However,
the increased odds of skin rash and diarrhoea were greater for
ticlopidine than for clopidogrel. Allocation to ticlopidine, but
not clopidogrel, was associated with a significant increase in
the odds of neutropenia (2.3% versus 0.8%, OR 2.7, 95% CI
1.5–4.8). In the subset of patients with TIA/ischaemic stroke,
the results were similar to those for all patients combined.
However, since these patients are at particularly high risk of
stroke, allocation to a thienopyridine was associated with a
larger absolute reduction in stroke (10.4% versus 12.0%,
OR 0.86, 95% CI 0.75–0.97, 16 (95% CI 3–28) strokes
avoided per 1000 patients treated for 2 years). The authors
concluded that the thienopyridine derivatives are modestly

but significantly more effective than aspirin in preventing seri-
ous vascular events in patients at high risk (and specifically in
TIA/ischaemic stroke patients), but there is uncertainty about
the size of the additional benefit. The thienopyridines are also
associated with less gastrointestinal haemorrhage and other
upper gastrointestinal upset than aspirin, but an excess of skin
rash and diarrhoea. The risk of skin rash and diarrhoea is
greater with ticlopidine than with clopidogrel. Ticlopidine, but
not clopidogrel, is associated with an excess of neutropenia
and of thrombotic thrombocytopenic purpura.

Combinations of antiplatelet agents (in the non-acute phase): No
Cochrane Systematic Review is available. The combination of
ASA and clopidogrel for secondary stroke prevention has
been studied in two randomized controlled trials. The MATCH
trial determined that adding aspirin to clopidogrel in high-risk
patients with recent ischaemic stroke or TIA was associated
with an increased risk of bleeding and a non-significant
reduction in major ischaemic vascular events [42]. The com-
bination of ASA and clopidogrel for the secondary prevention
of stroke was further studied in the CHARISMA study, which
investigated clopidogrel and aspirin versus aspirin alone in
lower and higher risk patients [48]. In this trial, there was a
suggestion of benefit with clopidogrel treatment in patients
with symptomatic atherothrombosis and a suggestion of harm
in patients with multiple risk factors but no vascular symp-
toms. Overall, clopidogrel plus aspirin was not significantly
more effective than aspirin alone in reducing the rate of MI,
stroke, or death from cardiovascular causes. The combination
of these antiplatelet agents is also being evaluated in the
FASTER trial (http://www.faster.ca/trials).

Endarterectomy for symptomatic carotid stenosis
One Cochrane Review sought to summarize the evidence
from randomized trials on the balance of risks and benefits of
carotid endarterectomy in adults with symptomatic carotid
stenosis [43]. Data on death or disabling stroke were avail-
able from two trials, which included 5950 patients: the 
North American Symptomatic Carotid Endarterectomy Trial
(NASCET), and the European Carotid Surgery Trial (ECST).
The two trials used different methods to measure stenosis,
but a simple formula can be used to convert between the two
methods. For patients with severe stenosis (ECST �80% �

NASCET �70%), surgery reduced the RR of disabling stroke
or death by 48% (95% CI 27–73%). The number of patients
needed to be operated on (number needed to treat (NNT)) 
to prevent one disabling stroke or death over 2–6 years 
follow-up was 15 (95% CI 10–31). For patients with less
severe stenosis (ECST 70–79% � NASCET 50–69%), surgery
reduced the RR of disabling stroke or death by 27% (95% CI
15–44%). The number of patients needed to be operated on
to prevent one disabling stroke or death was 21 (95% CI
11–125). Patients with lesser degrees of stenosis were
harmed by surgery. Surgery increased the risk of disabling
stroke or death by 20% (95% CI 0–44%). The number of
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patients needed to be operated on to cause one disabling
stroke or death was 45 (95% CI 22–infinity). The authors
concluded that carotid endarterectomy reduced the risk of
disabling stroke or death for patients with stenosis exceeding
ECST-measured 70% or NASCET-measured 50%. This result
is generalizable only to surgically-fit patients operated on by
surgeons with low complication rates (less than 6%).

Subsequent to this review, an analysis of pooled data from
the randomized trials of endarterectomy for symptomatic
carotid stenosis has demonstrated that the benefits of sur-
gery are greatest in men, for patients aged 75 years or older,
and for patients operated on soonest after their symptoms
took place [49]. The benefit of surgery is lost after 4 weeks
for patients with 50–69% stenosis, and after 12 weeks for
patients with stenosis �70%. Delaying carotid endarterec-
tomy therefore exposes these patients to an unnecessary risk
of recurrent stroke.

Endovascular treatment for carotid stenosis
Two randomized trials comparing endovascular treatment
with carotid endarterectomy for patients with carotid stenosis
(symptomatic and asymptomatic) were evaluated on one
Cochrane Systematic Review [44]. In addition there were two
trials which fulfilled the inclusion criteria and which were
stopped early, and a third trial which has completed only the
30-day follow up. The odds of death or disabling stroke at 30
days were similar in the endovascular and surgical group (OR
1.22, CI 0.61–2.41). At 1 year following procedure, there was
no significant difference between the two groups in preventing
any stroke or death (OR 1.36, CI 0.87–2.13). Endovascular
treatment significantly reduced the risk of cranial neuropathy
(OR 0.12, CI 0.06–0.25). There was substantial heterogeneity
between the trials renders the overall estimates of effect some-
what unreliable. There is also uncertainty about the potential
for restenosis to develop and cause recurrent stroke after
endovascular treatment. Additional trials are ongoing (http://
www.strokecentre.org.trials/).
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Background

Aneurysms of the cerebral vessels are not congenital but
almost invariably develop during the course of life, usually
after the second decade [1]. In a systematic review of studies
reporting the prevalence of all intracranial aneurysms in
patients studied for reasons other than subarachnoid haem-
orrhage (SAH), the best estimate of the frequency for an
average adult without specific risk factors was 2.3% (95%
confidence interval (CI) 1.7–3.1%); this proportion tended to
increase with age [1]. Rupture of these aneurysms occurs in
only a small fraction of these subjects: the incidence is 6–10
per 100,000 per year in most western countries, but in Finland
and Japan the incidence is twice as high [2]. In terms of
attributable risk, the modifiable risk factors alcohol, smoking
and hypertension account for half of first SAH episodes,
genetic factors for only 11% [3]. Only in patients with mul-
tiple aneurysms genetic factors predominate, given the find-
ing that these patients are younger at the time of rupture
than patients with a SAH and a single aneurysm [4].

Framing clinical questions

The essence of managing patients with aneurysmal SAH is
deceptively simple: make the diagnosis, locate the aneurysm
and occlude it. Yet, in the latest population-based studies, up to
the mid-1990s, the case fatality rate was still as high as 50%
[5], including the 10–15% who die before receiving medical
attention [6]. Of the 50% who survive the episode after oper-
ative aneurysm clipping, again half report an incomplete
recovery [7]. The poor outcome can for a large part be attrib-
uted to the many complications that beset the course of the
disease: rebleeding, delayed cerebral ischaemia, hydrocephalus
and a variety of systemic disorders [8]. Thus, occlusion of the
ruptured aneurysm by the interventional radiologist or the
neurosurgeon is an important but by far not the only part in
the management of patients with SAH.

First of all, the patient should be transferred as quickly as
possible to a centre where a multidisciplinary team includ-
ing neurosurgeons and interventional radiologists is continu-
ously available and where the volume of such patients is
large enough to maintain and improve standards of care [9].
Continuous observation in a high dependency unit is the

basis of management in these patients, before but also after
interventions to occlude the aneurysm. The neurologist is
well suited to fulfil a central role, in day-to-day mutual con-
sultation with the other team members.

The need for referral applies also and perhaps especially to
patients who are infelicitously designated as ‘poor grade
cases’. These may be the very patients that need urgent
intervention because of, for example, early rebleeding, pro-
gressive brain shift from a haematoma, acute hydrocephalus
or hypovolaemia.

Despite the considerable proportion of patients who die
before reaching medical attention and the many complica-
tions that can occur, the prognosis for patients with SAH has
gradually improved over the last decades [5].

Critical review of the evidence 
for each question

1. Patients in poor clinical condition
How to manage patients in poor clinical condition on admission.

The following sections provide a guideline for the management
of patients in poor clinical condition on admission.

Intracerebral haematoma
Intraparenchymal haematomas occur in approximately
30% of patients with ruptured aneurysms [10]. Not surpris-
ingly, the average outcome is worse than in patients with
purely subarachnoid blood [11]. When the most likely cause
of a deterioration in the level of consciousness is a large 
temporal haematoma, usually from a ruptured aneurysm 
of the middle cerebral artery, immediate occlusion of the
aneurysm should be considered. The intervention tradition-
ally consists in evacuation of the haematoma (with simulta-
neous clipping of the aneurysm if it can be identified,
usually only by magnetic resonance (MR) angiography or
computed tomography (CT) angiography); this course of
action is backed up by a small randomized study, in which
11 of 15 patients in the operated group survived, against
three of 15 in the conservatively treated group (relative risk
(RR) 0.27; 95% CI 0.09–0.74) [12]. Nowadays of course
coiling of the aneurysm followed by clot occlusion is often 
a good alternative strategy [13]. Another approach is an

CHAPTER 14

Aneurysmal subarachnoid
haemorrhage
Jan van Gijn, Gabriel J.E. Rinkel

14

127

9780727918116_4_014.qxd  2/8/07  6:10 PM  Page 127



extensive hemicraniectomy that allows external expansion
of the brain [14].

Acute subdural haematoma
An acute subdural haematoma complicates rupture of an
intracerebral aneurysm in approximately 2% of cases [15,16].
Subdural haematomas secondary to a ruptured aneurysm
may be life threatening, in which cases immediate evacuation
seems called for, despite the lack of controlled studies [17,18].

Acute hydrocephalus and intraventricular
haemorrhage
Gradual obtundation within 24 h of haemorrhage, sometimes
accompanied by slow pupillary responses to light and down-
ward deviation of the eyes, is fairly characteristic for acute
hydrocephalus [19,20]. If the diagnosis is confirmed by CT
this can be a reason for lumbar puncture or early ventricular
drainage [21,22], although some patients improve spontan-
eously in the first 24 h. This is an area badly in need of con-
trolled studies.

Acute hydrocephalus with large amounts of intraventricu-
lar blood is often associated with a poor clinical condition
from the outset. In patients with ruptured aneurysms, that is
an arterial source of bleeding, intraventricular haemorrhage
with a volume of 20 mL or more is invariably lethal [23]. An
indirect comparison of observational studies suggests that
insertion of an external ventricular catheter is not very help-
ful in these patients, but that a strategy where such drainage
is combined with fibrinolysis through the drain results in a
good outcome in half the patients [24]. This needs to be con-
firmed in studies with concurrent, randomized controls [25].
Surgical evacuation of a ‘packed’ intraventricular haemor-
rhage, especially from the fourth ventricle, is pointless accord-
ing to some [26], while others disagree [27].

2. General care
How to distinguish facts from fiction.

The following sections will briefly describe how to distinguish
facts from fiction.

Blood pressure
Aggressive treatment of high blood pressure entails a definite
risk of ischaemia in brain areas with loss of autoregulation.
The rationalistic approach is therefore to advise against treat-
ing hypertension following aneurysmal rupture. There is no
evidence from clinical trials to support this, but observational
studies tend to support the avoidance of antihypertensive
drugs. In a comparison of patients in whom hypertension
had been newly treated with normotensive controls, the
rate of rebleeding was lower but the rate of cerebral infarc-
tion was higher than in untreated patients, despite the blood
pressures being, on average, still higher than in the controls
[28]. This suggests that hypertension after SAH is a compen-
satory phenomenon, at least to some extent, and one that

should not be interfered with. In keeping with this, a further
observational study from the same centre (Rotterdam) sug-
gested that the combined strategy of avoiding antihyperten-
sive medication and increasing fluid intake may decrease the
risk of cerebral infarction [29]. Therefore it seems best only to
use antihypertensive therapy in patients with extreme ele-
vations of blood pressure (mean arterial pressure of 130 mmHg
or over) as well as in those with evidence of rapidly progres-
sive end organ deterioration.

Fluids and electrolytes
Fluid management in SAH is important to prevent a reduc-
tion in plasma volume, which may contribute to the devel-
opment of cerebral ischaemia. Nevertheless, the arguments
for a liberal (some might say aggressive) regimen of fluid
administration are indirect. Fluid restriction in patients with
hyponatraemia, applied in the past because it was erroneously
attributed to water retention, via inappropriate secretion of
antidiuretic hormone, is associated with an increased risk of
cerebral ischaemia [30].

Two randomized studies of prophylactic hypervolaemia
have been published. One included only 30 patients [31].
Treatment allocation was not blinded (personal information
obtained from the authors), and outcome was not assessed
beyond the time of operation (day 7–10); at that time, the rate
of delayed ischaemia had been reduced by two thirds (67%;
95% CI 1–89%). The second trial included 32 patients after
operation and allocated 16 of them to hypervolaemic hyper-
tensive haemodilution fluid therapy, according to a pseudo-
randomized design; not surprisingly, given the small numbers,
after 1 year there was no difference in outcome with the 16
patients who had been kept normovolaemic [32]. Despite the
incomplete evidence, it seems reasonable to prevent hypo-
volaemia. Therefore a reliable intravenous route should be
maintained for sufficient administration of fluids (and drugs).

Analgesics and general nursing care
Headache can sometimes be managed with mild analgesics
such as paracetamol (acetaminophen); salicylates should be
avoided until the aneurysm has been clipped because of
their inhibitory effect on haemostasis. However, usually the
pain is so severe that codeine needs to be added, which will
not mask neurological signs. Sometimes, pain can be allevi-
ated with anxiolytic drugs such as midazolam (5 mg via an
infusion pump). Often a synthetic opiate such as tramadol
may be needed to obtain relief. As a last resort, severe
headache can be treated with piritramide. The blood pres-
sure should be checked frequently until the pain has sub-
sided. Constipation is a common disadvantage of all opiates.
Coughing and straining must be rigorously prevented because
of the attendant overshoots in arterial blood pressure. Stool
softeners should therefore be prescribed routinely.

As long as the aneurysm has not been occluded the patient
is traditionally restricted to complete bed rest, flat and in 
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a surrounding that is as quiet as possible, on the assumption
that any form of excitement increases the risk of rebleeding.
Some centres prefer to maintain complete bed rest even after
aneurysm occlusion until after the period that secondary
ischaemia can occur, on the assumption that because of the
impaired autoregulation drops in blood pressure induced by
raising from bed may induce cerebral ischaemia. However,
the entire notion of bed rest for patients with SAH is an evi-
dence free zone.

Continuous assessment of the level of consciousness is
essential. This should preferably be recorded by means of the
Glasgow Coma Scale, since any change in the level of con-
sciousness may signify a treatable complication.

The body temperature should be frequently measured, up
to 4 times per day, depending on the interval after SAH and
the level of consciousness. After the first few hours mild fever
(up to 38.5°C) often occurs, probably resulting from the
inflammatory reaction in the subarachnoid space [33]; in that
case the pulse rate is characteristically normal [34]. Infection
should be suspected if the temperature exceeds 38.5°C, if
the pulse rate is elevated as well, or if the patient has vom-
ited. An elevated white cell count is not helpful in distin-
guishing infection from non-infective causes of pyrexia [35].

Deep venous thrombosis
Deep venous thrombosis (DVT) is not as common after SAH
as in patients with ischaemic stroke, presumably because the

patients are restless, mostly younger and, most important,
have no paralysed leg; in a large and prospective series DVT
was clinically diagnosed in only 4% [36]. In general, DVT
can be prevented by subcutaneous low-dose heparin or
heparinoids, but the obvious qualm is that anticoagulation
will not be confined to the venous system. In a randomized
trial comparing the low molecular weight heparin enoxa-
parin given after aneurysm occlusion with placebo, intracra-
nial bleeding complications occurred more often in the
treatment group, while there were no differences in overall
outcome or the chance of delayed cerebral ischaemia [37].
In the absence of proof of effectiveness many physicians do
not prophylactically institute treatment with heparin or its
low molecular heparinoids.

Graduated compression stockings are of confirmed benefit
in preventing DVT in patients undergoing general surgical,
neurosurgical or orthopaedic procedures, according to a
Cochrane Review [38]. They are also the preferred form of
thrombosis prevention in patients with SAH before aneurysm
occlusion – though admittedly this piece of advice lacks sup-
port from a controlled trial in this specific situation.

3. Preventing rebleeding?
How to prevent rebleeding.

The main results are included in Table 14.1.
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Table 14.1 Treatment for preventing rebleeding in aneurysmal SAH.

Type of Intervention Outcome Number of Control  Relative risk Absolute risk Comment
study (follow-up time) patients group risk (95% CI) reduction 
(reference) (number (range) (95% CI)

of trials)

SR Coiling versus Death or dependency 2243 31% 0.76 7% Coiling better
[41] clipping (1 year) (3) (24–50) (0.67–0.84) (4–11) The evidence comes 

mainly from one large trial
Rebleeding 2272 1.2% 2.00 �1% Coiling worse
(1 year) (3) (0–3) (1.08–3.70) (0–2) Heterogeneity

SR Early versus Death or dependency 141 21% 0.3 13% Early surgery better
[56] intermediate (3 months) (1) (0.16–0.36) (1–25) Just one small trial

surgery
Early versus late Death or dependency 141 20% 0.47 12% Early surgery better

surgery (3 months) (1) (0.17–1.04) (ns)

SR Antifibrinolytic Death or severe 1041 45% 1.02 �3% Antifibrinolytic worse
[62] versus control disability (3) (40–47) (0.93–1.21) (ns)

(3 months)
Rebleeding 1399 27% 0.62 10% Antifibrinolytic better

(9) (15–34) (0.50–0.76) (6–14)
Cerebral ischaemia 1166 23% 1.27 �6% Antifibrinolytic worse

(5) (4–36) (1.05–1.53) (1–11) Heterogeneity

RCT Antifibrinolytic Death or disability 505 29% 4% Not appreciable 
[63] versus control (6 months) (1) improvement

SR: systematic review; RCT: randomized controlled trial; CI: confidence intervals; ns: not statistically significant.
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Endovascular occlusion
Over the last decade, endovascular occlusion of aneurysms
has largely replaced surgical occlusion as the preferred 
intervention of choice for the prevention of rebleeding. The
technique consists of packing the aneurysm with platinum
coils, with a system for controlled detachment [39]. Numerous
observational studies have reflected this development [40].
A Cochrane Review of randomized trials (one large trial and
two small trials, of which one was still unpublished) included
a total of 2272 patients [41]. Most of the patients were in
good clinical condition and had an aneurysm on the anterior
circulation. After 1 year of follow-up, the RR of poor outcome
for coiling versus clipping was 0.76 (95% CI 0.67–0.88). The
absolute risk reduction of poor outcome was 7% (95% CI
4–11%). For patients with anterior circulation aneurysm
the RR of poor outcome was 0.78 (95% CI 0.68–0.90) and
the absolute risk decrease was 7% (95% CI 3–10%). For
those with a posterior circulation aneurysm the RR was 0.41
(95% CI 0.19–0.92) and the absolute decrease in risk 27%
(95% CI 6–48%).

Several qualifications are needed to avoid the impression
that these numbers fully define the relative merits of endovas-
cular and surgical occlusion of aneurysms. Firstly, aneurysms
in some locations are more suitable for occlusion by one or the
other technique. Basilar artery aneurysms and many other
types of posterior circulation aneurysms are relatively easy
to access by the endovascular route [42], whereas surgical
treatment is often complicated. Conversely, aneurysms at
the trifurcation of the middle cerebral artery are relatively
easy to occlude via a surgical approach, whereas it is often
difficult to coil them without interfering with major arterial
branches. Secondly, patients over 70 years were underrepre-
sented in the largest study, the international subarachnoid
aneurysm trial (ISAT) trial [43], reflecting a preference for
coiling – or perhaps for no treatment – in many aged
patients with SAH. It is not an unrealistic guess that the rel-
ative advantages of coiling over surgical treatment are even
greater in patients over 70 than in younger patients, given
that the risk of complications for treatment of unruptured
aneurysms is in older patients much higher for surgery than
for coiling [44].

A third and last concern is the durability of the occlusion
with coils, given that the early rebleeding rate after surgical
occlusion is rather low. Reanalysis of the ISAT trial after 1 year
showed that the rate of rebleeding from the target aneurysms
between the procedure and the end of the first year was
somewhat higher after coiling than after clipping (2.6% versus
1.2%; risk ratio 2.0, 95% CI 1.08–3.70), but that the initial
7.4% absolute gain in the avoidance of death or dependence
was maintained after 1 year, while the early survival advan-
tage was maintained for up to 7 years [45]. Data on long-term
durability are thus far scarce. The risk of late rebleeding after
coiling should be weighed up against the background risk of
late rebleeding or bleeding from new aneurysms in patients

treated surgically. This risk is around 3% in the first 10 years
after surgical treatment of ruptured aneurysms [46,47].

The lack of data on long-term durability also causes uncer-
tainty about the length of time during which patients need to
be followed up with imaging beyond the period of 6 months
that is fairly standard. A related question is the most suitable
method of imaging. Conventional angiography is the current
standard but carries a small but definite risk of complications
and is time consuming. MR angiography is feasible and gives
good imaging quality [48], but its test characteristics and effec-
tiveness have not yet been studied in large series of patients.

A last area of uncertainty is the need to perform a second
procedure for aneurysm necks that have recanalized by
impaction of the coils, through recoiling [49] or surgical
occlusion [50].

Surgical occlusion
Craniotomy for occlusion of the aneurysm has now become
second choice, at least for most patients and aneurysms. Sur-
gical clipping has never been tested in a randomized controlled
study; in the only trials in which operation was compared
with conservative management, the interventions consisted in
carotid ligation [51,52]. A statistical modelling exercise that
weighed the benefit that rebleeding is prevented against the
complications of the operation at current standards estimated
an absolute reduction in the risk of poor outcome of almost
10% and a RR reduction of 0.81 [53].

Nowadays, neurosurgeons preferably clip aneurysms early,
that is within 3 days of the initial bleed – if possible within
24 h [54]. The only randomized trial of the timing of oper-
ation, performed in Finland, allocated 216 patients to one of
three groups: operation within 3 days, after 7 days, or in the
intermediate period [55]. The outcome tended to be better
after early than intermediate or late surgery, but as the differ-
ence was not statistically significant a disadvantage of early
surgery could not be excluded [55,56]. The same result – no
difference in outcome after early or late operation – emerged
from observational studies [57–59].

It should not be assumed that surgical treatment is always
definitive. To begin with, in the surgical arm of the ISAT trial
rebleeding occurred in 1% of operated patients within the first
year [45]. In the long term, the rebleed rate after initially suc-
cessful clipping is around 3% after 10 years [46,47]. Despite all
this, a modelling study estimated that repeated screening and
preventive treatment of newly detected aneurysms could not
be recommended, because the prevented episodes of rebleed-
ing are outweighed by the complications of diagnostic and
therapeutic procedures [60].

Pharmacological treatment
Because rebleeding is attributed to dissolution of the clot at
the tear in the aneurysm wall, prevention by drug treatment
is a logical aim.
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Antifibrinolytic agents: The clot dissolution probably results
from fibrinolytic activity in the cerebrospinal fluid (CSF)
after SAH. Antifibrinolytic agents reduce fibrinolytic activity
and cross the blood–brain barrier rapidly after SAH and
might so reduce the risk of rebleeding [61]. Ten randomized
trials with antifibrinolytic agents in SAH have so far been
performed. The most recent Cochrane Review included nine
of these, involving 1399 patients. Death from all causes was
not significantly influenced by treatment across all nine trials
(odds ratio 0.99, 95% CI 0.79–1.24). Poor outcome (death,
vegetative state or severe disability) was recorded in 1041
patients in three trials, antifibrinolytic treatment did not show
any evidence of benefit (risk ratio 1.02, 95% CI 0.93–1.21).
On the other hand, the analysis of specific event rates did
show striking differences. Antifibrinolytic treatment reduced
the risk of rebleeding reported at the end of follow-up, with
some heterogeneity between the trials (risk ratio 0.62, 95%
CI 0.50–0.76). Conversely, treatment increased the risk of
cerebral ischaemia in five trials (risk ratio 1.27, 95% CI
1.05–1.53) with considerable heterogeneity between the
most recent study, in which specific treatments to prevent
cerebral ischaemia were used [62], and the four older stud-
ies. The 10th trial was subsequently performed in Sweden
and included 505 patients; again the overall outcome did
not appreciably improve in patients treated with TEA, despite
an impressive reduction in the rate of rebleeding [63].

Recombinant factor VIIa: Theoretically, an activated coagula-
tion factor might also prevent rebleeding. An open label, dose

escalation safety study of recombinant factor VIIa showed
no evidence of ischaemic complications in the first nine
patients but was suspended when the tenth patient devel-
oped middle cerebral artery branch occlusion contralateral
to the aneurysm [64].

4. Preventing cerebral ischaemia
How to prevent delayed cerebral ischaemia.

The main results are summarized in Table 14.2.

Calcium antagonists
Arterial narrowing (‘vasospasm’) is one of the factors
involved in the complex pathogenesis of delayed cerebral
ischaemia. Calcium antagonists have been used because
they inhibit the contractile properties of smooth muscle
cells, particularly those in cerebral arteries, and also because
they may, to some extent, protect neurones against the dele-
terious effect of calcium influx after ischaemic damage.

A Cochrane Review of calcium antagonists in SAH included
12 trials, totalling 2844 patients with SAH (1396 in the treat-
ment group and 1448 in the control group) [65]. The drugs
analysed were: nimodipine (eight trials, 1574 patients),
nicardipine (two trials, 954 patients), AT877 (one trial, 276
patients) and magnesium (one trial, 40 patients). Overall,
calcium antagonists reduced the risk of poor outcome: RR
0.82 (95% CI 0.72–0.93); the absolute risk reduction was
5.1%, the corresponding number of patients needed to treat
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Table 14.2 Treatment for preventing ischaemia.

Type of Intervention Outcome Number of Control  Relative risk Absolute risk Comment
study (follow-up time) patients group risk (95% CI) reduction 
(reference) (number (range) (95% CI)

of trials)

SR Calcium Death or dependency 2507 30% 0.82 5% Calcium antagonists better
[65] antagonists (3/6 months) (8) (13–69) (0.72–0.93) (2–9) Mainly nimodipine 60 mg 

versus control orally every 4 h
Heterogeneity

Secondary ischaemia 2187 40% 0.67 13% Calcium antagonists better
(11) (17–65) (0.60–0.76) (9–17)

RCT Magnesium Death or dependency 283 35% 0.77 8% Magnesium better
[73] versus placebo (3 months) (1) (0.54–1.09) (ns)

SR Volume Death or severe 114 17% 1.00 0%
[89] expansion disability (2) (11–19) (0.45–2.22) (ns)

versus control Secondary ischaemia 114 21% 1.08 �2% Volume expansion worse
(2) (19–22) (0.54–2.16) (ns)

SR Intracisternal Death or disability 652 24% 9.5% Only one RCT
[95] fibrinolysis (9) (4.2–14.8)

versus control Secondary ischaemia 652 30% 14.4%
(9) (6.5–22.5)

SR: systematic review; RCT: randomized controlled trial; CI: confidence intervals; ns: not statistically significant.
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to prevent a single poor outcome event was [20]. For oral
nimodipine alone the RR was 0.70 (0.58–0.84). The RR of
death on treatment with calcium antagonists was 0.90 (95%
CI 0.76–1.07), that of clinical signs of secondary ischaemia
0.67 (95% CI 0.60–0.76), and that of CT or MR confirmed
infarction 0.80 (95% CI 0.71–0.89).

In brief, the risk reduction for ‘poor outcome’ is statistically
robust, but depends mainly on trials with oral nimodipine,
and especially on a single large trial, in which patients received
60 mg orally every 4 h, for 3 weeks [66]. The intermediate
factors through which nimodipine exerts its beneficial effect
after aneurysmal SAH remain uncertain. Interestingly, sev-
eral studies with nimodipine found there was no difference
between treated patients and controls with regard to the fre-
quency of arterial narrowing on a repeat angiogram [66–68].

If the patient is unable to swallow, the tablets should be
crushed and washed down a nasogastric tube with normal
saline. Intravenous administration is advocated by the producer
but there is no evidence from trials that intravenous adminis-
tration of nimodipine is beneficial [65]. Moreover, intravenous
administration of nicardipine does not improve outcome [65].
The lack of effectiveness of intravenous nicardipine is probably
explained by the increased risk of hypotension, which also
occurs after intravenous administration of nimodipine [69].
Hypotension may even be a problem even if nimodipine is
given orally. If no blood loss has occurred or any other cause for
hypotension is found, the dose of nimodipine can be at first
halved (to 60 mg tds) and subsequently discontinued if the
blood pressure does not come back to initial levels.

Magnesium sulphate
Hypomagnesaemia occurs in more than 50% of patients
with SAH and is associated with the occurrence of delayed
cerebral ischaemia and poor outcome [70]. Its administra-
tion reduced infarct volume after experimental SAH in rats
[71]. Its putative modes of action consist in inhibition of 
the release of excitatory amino acids and blockade of the 
N-methyl-D-aspartate-glutamate receptor. Magnesium is also
a non-competitive antagonist of voltage-dependent calcium
channels and it has a dilatatory effect on cerebral arteries.

Two controlled trials have studied the efficacy of magne-
sium sulphate in preventing delayed cerebral ischaemia and
poor outcome. The smallest one, including 40 patients and
necessarily inconclusive [72], was provisionally included in
the most recent Cochrane Review of calcium antagonists. 
A larger trial included 283 patients but was still intended as
a preliminary (‘phase II’) study, with delayed cerebral
ischaemia and not overall outcome as primary measure of
efficacy [73]. Magnesium treatment consisting of a continu-
ous intravenous dose of 64 mmol/L per day reduced the risk
of delayed cerebral ischaemia (defined as the occurrence of a
new hypodense lesion on CT, compatible with clinical fea-
tures of delayed cerebral ischaemia, analysed according to
the ‘on-treatment principle’) by 34% (hazard ratio 0.66, 95%

CI 0.38–1.14). After 3 months, the risk reduction for poor
outcome (analysed according to the ‘intention-to-treat’
principle) was 23% (risk ratio 0.77, 95% CI 0.54–1.09). At
that time, 18 patients in the treatment group and 6 in the
placebo group had an excellent outcome (risk ratio 3.4, 95%
CI 1.3–8.9). A phase III trial is now ongoing.

Aspirin and other antithrombotic agents
Several studies have found that blood platelets are activated
from day three after SAH. This was mostly inferred from
increased levels of thromboxane B2, the stable metabolite of
thromboxane A2, which promotes platelet aggregation and
vasoconstriction [74,75].

Two small trials with aspirin have been performed in
patients with SAH, and three with antiplatelet agents other
than aspirin. In a systematic overview of these five trials, the
rate of delayed cerebral ischaemia (reported in only three of
the five studies) was decreased (RR 0.65, 95% CI 0.47–0.89),
but poor outcome was not significantly different between
patients treated with antiplatelet agents and controls [76]. A
still unpublished trial aiming to include 200 patients did not
confirm a beneficial effect of aspirin (van den Bergh, for the
MASH study group). The trial was prematurely stopped after
the second interim analysis, because by then the chances of a
positive effect were negligible. Aspirin did indeed not reduce
the risk of delayed cerebral ischaemia (HR 1.83, 95% CI
0.85–3.9). The RR reduction for poor outcome was 21% (RR
0.79, 95% CI 0.38–1.6). It is unknown whether other platelet
aggregation inhibitors are more beneficial.

A low-molecular-weight heparinoid, enoxaparin (40 mg
subcutaneously once a day after aneurysm occlusion), was
tested in a trial of 170 patients [37]; the treatment did not
improve outcome and was associated with haemorrhages in
4 of 85 patients in the experimental group.

Statins
HMG-CoA reductase inhibitors or statins are primarily used
because these drugs lower LDL-cholesterol levels, but they also
have anti-inflammatory, immunomodulatory, antithrombotic
and vascular effects. It has often been claimed that these
‘pleiotropic effects’ contribute to cardiovascular risk reduc-
tion beyond that expected from LDL-cholesterol reduction
alone, but this is not confirmed by a meta-regression analy-
sis of clinical trials [77].

In patients with SAH, two controlled trials have been per-
formed so far. One included only 39 patients and found that
80 mg simvastatin given within 48 h after the ictus reduced
‘vasospasm’ (undefined) [78], the other enrolled 80 patients
and found that 40 mg pravastatin given within 72 h reduced
angiographic vasospasm and impairment of autoregulatory
responses as well as vasospasm-related ischaemic compli-
cations [79]. On the other hand, an observational study found
that previous use of statins increased the risk of angio-
graphic vasospasm though not that of associated ischaemic
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complications [80]. In conclusion, the evidence for a benefi-
cial effect of statins after SAH is still rather meagre.

Free radical scavengers
Tirilazad mesylate, a 21-aminosteroid free radical scavenger,
has so far failed to show consistent improvement of out-
come in four randomized controlled trials, with a total of
more than 3500 patients [81–84]. The only beneficial effect
on overall outcome was seen in a single subgroup of a single
trial, that is, those treated with 6 mg/kg/day (two other groups
received 0.2 mg/kg/day or 2 mg/kg/day) [81]. Delayed cere-
bral ischaemia was reduced in only one of the four trials,
although there was no effect on overall outcome [83]. A for-
mal overview of the complete clinical evidence is not yet
available, but the case for the drug seems weak, for any dose
and either sex.

A single trial with another hydroxyl radical scavenger, 
N�-propylenedinicotinamide (nicaraven) in 162 patients,
showed a decreased rate of delayed cerebral ischaemia but
not of poor outcome at 3 months after SAH [85]. Curiously
enough, the reverse was found a trial of 286 patients with
ebselen, a seleno-organic compound with antioxidant activ-
ity through a glutathione peroxidase-like action: improved
outcome at 3 months after SAH, but without any reduction
in the frequency of delayed ischaemia [86].

Other drugs
Nizofenone, an anionic channel blocker believed to inhibit
glutamate release, was studied in a randomized trial of 100
patients, of whom only 90 were included in the analysis [87];
the occurrence of angiographic vasospasm was not influ-
enced by the drug, poor outcome only in a complicated sub-
group analysis.

The endothelin A/B receptor antagonist TAK-044 was
tested in a multicentre phase II trial (influence on the occur-
rence of delayed ischaemic deficits) in 420 patients; there 
was a non-significant risk reduction of 0.8 (95% CI 0.61–
1.06) [88].

Increasing plasma volume
The usefulness of circulatory volume expansion to prevent
delayed ischaemia after SAH was assessed in a recent Cochrane
Review [89]. Three trials were identified. One truly random-
ized trial and one quasi-randomized trial with comparable
baseline characteristics for both groups were included in the
analyses. Preventive volume expansion therapy did not
improve outcome (RR 1.0, 95% CI 0.5–2.2), nor the occur-
rence of secondary ischaemia (RR 1.1, 95% CI 0.5–2.2), but
tended to increase the rate of complications (RR 1.8, 95% CI
0.9–3.7). In another quasi-randomized trial, outcome assess-
ment was done only at the day of operation (7–10 days after
SAH). In the period before operation, treatment resulted in
a reduction of secondary ischaemia (RR 0.33, 95% CI

0.11–0.99) and case fatality (RR 0.20, 95% CI 0.07–1.2). In
conclusion, the effects of preventive volume expansion
therapy have been studied properly in only two trials of
patients with aneurysmal SAH, with very small numbers,
and there is no sound evidence for the use of volume expan-
sion therapy in patients with aneurysmal SAH.

Because of its mineralocorticoid activity (reabsorption of
sodium in the distal tubules of the kidney) fludrocortisone
might, in theory, prevent a negative sodium balance, hypo-
volaemia and ischaemic complications [90]. A randomized
study in which 91 patients with SAH were entered soon
after admission showed that fludrocortisone acetate indeed
significantly reduced natriuresis in the first 6 days after the
haemorrhage. Reductions in the occurrence of plasma vol-
ume depletion and of ischaemic complications were not stat-
istically significant [91]. These results were confirmed by a
smaller trial in 30 patients [92]. Finally, also hydrocortisone
was shown in a small trial (28 patients) with an explanatory
design to prevent hyponatraemia and a drop in central
venous pressure [93]. The evidence from these studies is
insufficiently conclusive to warrant routine administration
of fludrocortisone to all patients with SAH.

Cisternal drainage and intracisternal fibrinolysis
On the assumption that vasospasm increases the risk of
delayed cerebral ischaemia and that extravasated blood
induces vasospasm, removal of the subarachnoid blood by
drainage or fibrinolysis has been studied in several trials. In
a comparison of two cohorts the patients treated with lum-
bar drainage of CSF had less often cerebral infarction and
more often returned home than patients with no lumbar
drainage [94]. A more aggressive method in removing sub-
arachnoid blood is intracisternal fibrinolysis. A meta-analysis
on this treatment strategy included 9 trials of which only
one was randomized [95]. Pooled results demonstrated ben-
eficial effects of treatment, with absolute risk reductions of
14.4% (95% CI 6.5–22.5%, P � 0.001) for delayed cerebral
ischaemia, and 9.5% (95% CI 4.2–14.8%, P � 0.01) for
poor clinical outcome. There was no difference between the
type of thrombolytic agent used (tissue plasminogen activa-
tor versus urokinase) or the method of administration (intra-
operative versus postoperative). However, the results of the
analysis are limited by the predominance of non-random-
ized studies. A open, randomized, controlled trial not yet
included in the meta-analysis studied the effect of fibrinoly-
sis in 110 patients treated with endovascular coiling [96].
Urokinase was administered into the cisterna magna through
a microcatheter inserted via a lumbar puncture. The primary
outcome measure was clinical vasospasm, defined as clinical
deterioration combined with evidence of vasospasm on
angiography. Treatment resulted in a statistical significant
reduction of this primary outcome measurement. Case fatal-
ity was not reduced, but patients in the treated group had
more often a good clinical outcome. Larger studies with
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overall outcome as primary measurement of outcome are
needed before this treatment can be implemented in clinical
practice.

5. Management of rebleeding
How to manage rebleeding.

The following sections will briefly describe the procedures
required.

To resuscitate or not?
The question whether patients with rebleeding should be
resuscitated and artificially ventilated if respiratory arrest
occurs is not academic: in a series of 39 patients with a CT-
confirmed rebleeding, 14 had initial respiratory abnormalities
that called for assisted ventilation. Spontaneous respiration
returned within 1 h in eight of these 14 patients, and in
three more between 1 and 24 h [97]. Many patients with
initial apnoea who were successfully resuscitated later died
from subsequent complications, but the crucial point is that
survival without brain damage is possible even after respira-
tory arrest. After resuscitation, it will usually become clear
within a matter of hours whether the patient will indeed
survive the episode or whether dysfunction of the brain stem
will persist. There are no grounds to fear that the interven-
tion will only result in prolongation of a vegetative state. In
patients who progress to a state of brain death, the resuscita-
tion procedure at least allows organ donation to be considered,
with some benefits to others.

Emergency occlusion of the aneurysm
A large haematoma that causes brain shift without gross
intraventricular haemorrhage is an infrequent finding after
rebleeding, occurring in around 10% [98]. In these rare cases,
emergency evacuation of the haematoma after occlusion of
the aneurysm can be indicated, depending on the patient’s
clinical condition, as in patients who are admitted in a poor
condition caused by an intracerebral haematoma associating
with the aneurysma rupture (see above). A more common
reason for urgent intervention after rebleeding is the concern
that amongst the survivors, 50–75% suffer a further rebleed
[97,99]. This implies that emergency clipping or coiling of
the aneurysm should be seriously considered in patients
who regain consciousness after rebleeding. Of course, the
risk of the operation is increased after rebleeding but the
risks of a wait-and-see policy at that stage seem even more
intimidating.

6. Management of cerebral ischaemia
How to manage patients with cerebral ischaemia.

The following sections provide a guideline for the manage-
ment of patients with cerebral ischaemia.

Induced hypertension and volume expansion
Since the 1960s, induced hypertension has been used to com-
bat ischaemic deficits in patients with SAH. Induced hyper-
tension has often been combined with volume expansion, but
only in uncontrolled case series, of which only one had an
acceptable definition of outcome events [100]. Another case
series argued that hypertensive and hypervolaemic therapy
was unlikely to be successful in patients with a Glasgow Coma
Score of 11 or less as well as with hydrocephalus [101].
Controlled trials are sadly missing. If raising the blood pressure
and increasing plasma volume can indeed reverse ischaemic
deficits – which remains to be proven beyond doubt – the
most plausible explanation for these phenomena is a defect of
cerebral autoregulation that makes the perfusion of the brain
passively dependent on the systemic blood pressure. The 
benefit of adding haemodilution to hypertensive and hyper-
volaemic treatment (the so-called ‘triple-H’ regimen) is not
only uncertain but also frankly controversial [102].

The risks of deliberately increasing the arterial pressure and
plasma volume include rebleeding of an untreated aneurysm,
increased cerebral oedema, or haemorrhagic transformation
in areas of infarction [103], myocardial infarction and conges-
tive heart failure. At any rate, the circulatory system should
be closely monitored, though arterial lines and pulmonary
artery catheters carry their own risks: infection, pneumotho-
rax, haemothorax, ventricular arrhythmia and pulmonary
infarction [104–106].

Transluminal angioplasty
Only a few centres have reported on the endovascular
approach in the treatment of ‘symptomatic vasospasm’ after
SAH. These reports document sustained improvement in
more than half the cases, but the series were uncontrolled
and evidently there must be publication bias [107]. Some of
these studies reported results only for arteries, and not for
patients. Vessel rupture is precipitated by this procedure in
about 1%, even after the aneurysm has been occluded, and
other complications such as hyperperfusion injury in 4%
[107]. In an uncontrolled series not included in the review
cited above, of patients treated with transluminal angio-
plasty, papaverine injection or both, overall clinical outcome
was poor despite successful arterial dilatation. Half the
patients died or remained disabled, and half of the survivors
had permanent deficits from cerebral infarction [108]. In
view of the risks, the high costs and the lack of controlled
trials, transluminal angioplasty should still be regarded as a
strictly experimental procedure [109].

The same caution applies to uncontrolled reports of
improvement of ischaemic deficits after intra-arterial infusion
of drugs through super-selective catheterisation. Papaverine
has gained undeserved popularity [110], the more so because
not all impressions are positive [111,112]; intra-arterial milri-
none, verapamil or nicardipine dilate vessels but whether these
agents improve outcome is equally uncertain [113–115].
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Pharmacological intervention
Calcitonin gene-related peptide (CGRP) is a potent vasodila-
tor in the carotid vascular bed, but a randomized, multicen-
tre, single-blind clinical trial in 62 patients with ischaemic
complications after SAH failed to bear out any benefit in
terms of overall outcome: the RR of a poor outcome in
CGRP-treated patients was 0.88 (95% CI 0.60–1.28) [116].

7. Management of acute hydrocephalus
How to manage acute hydrocephalus.

A policy of wait-and-see for 24 h is eminently justified in
patients with dilated ventricles who are alert, because only
about one-third of them will become symptomatic in the
next few days [117]. Postponing interventions for 1 day can
also be rewarding if the level of consciousness is decreased.
The reason is that spontaneous improvement within this
period has been documented in half the patients (7 of 13)
with acute hydrocephalus who were only drowsy, and also
in almost half the patients (19 of 43) who had a Glasgow
Coma Score of 12/14 or worse but no massive intraventricu-
lar haemorrhage [117]. On the other hand, it is not always
easy to make a definitive decision on the need for surgical
measures even after 1 day has elapsed, because patients may
temporarily improve to some extent but then reach a plateau
phase or again deteriorate; such fluctuations are encountered
in about one-third of patients with symptomatic hydro-
cephalus [117]. Any further deterioration in the level of
consciousness warrants active intervention.

Lumbar puncture was suggested as a therapeutic measure a
long-time ago [118], but formal studies are scarce. In a
prospective but uncontrolled study, 17 patients were treated in
this way because they had acute hydrocephalus with neither a
haematoma nor gross intraventricular haemorrhage [21].
Between 1 and 7 spinal taps per patient were performed in the
first 10 days, the number depending on the rate of improve-
ment; each time a maximum of 20 mL of CSF was removed,
the aim being a closing pressure of 15 cmH2O. Of the 17
patients, 12 showed initial improvement: six fully recovered,
two showed incomplete improvement but fully recovered
after insertion of an internal shunt and four patients died of
other complications several days after the lumbar punctures
had been started. Of the five remaining patients in whom lum-
bar puncture had no effect, two recovered after an internal
shunt and three died of other complications.

Whether the risk of rebleeding is increased by lumbar
punctures or drainage is uncertain [119]. Until controlled
trials are available, and we think these are still needed and
ethically justifiable, the tentative conclusion is that lumbar
puncture seems a safe and reasonably effective way of treat-
ing those forms of acute hydrocephalus that are not obvi-
ously caused by intraventricular obstruction.

External drainage of the cerebral ventricles by a catheter
inserted through a burr hole is, in many centres, the most

common method of treating acute hydrocephalus. Internal
drainage, to the right atrium or the peritoneal cavity, is
rarely considered in the first few days because the blood in
the CSF will almost inevitably block the shunt system. After
insertion of an external catheter, the improvement is usually
rapid and sometimes dramatic [19,117]. Unfortunately
other problems tend to intervene soon, particularly rebleed-
ing and ventriculitis.

Rebleeding after insertion of an external drain occurs 
significantly more often than in patients with acute hydro-
cephalus who are not shunted or in patients without hydro-
cephalus, according to most but not all prospective studies
[120]. None of these studies had a randomized design for
assessing the effect of shunt insertion, and it is possible that
the development of acute hydrocephalus is associated with a
more severely disrupted aneurysm which is more prone to
rebleeding as part of its natural history.

Ventriculitis is a frequent complication after external
drainage, especially if drainage is continued for more than 
3 days [117]. Regular exchange of the intraventricular catheter,
in a controlled study, did not decrease the rate of infection
[121]. Some advocate extra rigid antiseptic techniques [122],
prophylactic antibiotics or a long subcutaneous tunnel [123],
but these measures have not been subjected to a controlled
study. External lumbar drainage probably carries a lower risk
of infection than ventricular drainage [124], but obviously
cannot be used in patients with large intracerebral haematomas
of extensive intraventricular haemorrhage.

To shorten the period in which ventricular catheterisation
is necessary, test occlusion is often applied. Gradual weaning
by sequential height elevations of the external ventricular
drainage (EVD) system over 4 days preceding drain closure
conferred no advantage, according to a randomized study of
81 patients [125].

8. Management of complications
How to manage systemic complications.

Neurologists and neurosurgeons are regularly confronted by
non-neurological complications in patients with aneurysmal
SAH. Life-threatening complications occurred in 40% of 451
consecutive patients enrolled in a drug trial [126], and in
another study a similar proportion of medical complications
contributed to fatal outcomes [127]. Hyponatraemia is the
most common of these but several other systemic disorders
may cause secondary deterioration. Clinical detection of these
metabolic derangements requires a high index of suspicion.

Hyponatraemia
Hyponatraemia, with or without intravascular volume
change, is the most common electrolyte disturbance follow-
ing aneurysmal rupture. The frequency depends on the cut
off point that is chosen; if defined as a sodium level of
134 mmol or less on at least two consecutive days, it occurs
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in about one-third of patients [91]. It develops most com-
monly between the 2nd and 10th day [128].

Clinical manifestations of hyponatraemia usually do not
occur until the plasma sodium is less than 125 mmol/L, but
irritability, restlessness and confusion can result from a rapid
decline of sodium, particularly if the downward trend con-
tinues over a few days. Sodium levels below 100 mmol/L
almost always give rise to seizures and, rarely, ventricular
tachycardia or fibrillation [129]. But in patients with SAH
the most dreaded complication of hyponatraemia is the pre-
cipitation of delayed ischaemia, through associated hypo-
volaemia and poor outcome in general [130].

In general, the causes of hyponatraemia vary according to
the patient’s volume status. In most, but not all cases, the
total body sodium has remained constant but the water con-
tent of the extracellular volume is at fault; therefore hypona-
traemia can be best classified according to the extracellular
volume status. After the syndrome of inappropriate secretion
of antidiuretic hormone (SIADH) had been initially described
in the 1950s [131], hyponatraemia in SAH has often been
incorrectly attributed to this condition, in which dilutional
hyponatraemia ensues. In contrast, hyponatraemia after
SAH results from excessive natriuresis, or cerebral salt wast-
ing [128,132]. Predisposing factors for the development of
hyponatraemia are hydrocephalus, particularly enlargement
of the third ventricle [133], and ruptured aneurysms of the
anterior communicating artery [134]. Mechanical pressure
on the hypothalamus can perhaps disturb sodium and water
homeostasis.

Correction of hyponatraemia in SAH is actually a problem
of correcting volume depletion. Acute symptomatic hypona-
traemia is rare and requires urgent treatment with hypertonic
saline (1.8% or even 3%). On the other hand, over-rapid
infusion of sodium may precipitate myelinolysis in the pons
and in the white matter of the hemispheres [135]. If possible,
correction should not be faster than 8 mmol/L/day [136,137].
A mild degree of hyponatraemia (125–134 mmol/L) is usually
well tolerated, self-limiting and need not be treated in itself.
Hyponatraemia in patients with evidence of a negative fluid
balance or excessive natriuresis is corrected with saline (0.9%;
sodium concentration 150 mmol/L).

Disorders of heart rhythm
Aneurysmal rupture is commonly associated with cardiac
arrhythmias and electrocardiographic (ECG) abnormalities.
This is one of the reasons why patients with SAH are some-
times initially misdiagnosed as acute myocardial infarction
and admitted to coronary care units. Left ventricular dys-
function may occur [138], even cardiogenic shock, usually
in combination with pulmonary oedema.

Generally, severe ventricular arrhythmias are of short dur-
ation. Beta-blockade has been proposed as preventive treat-
ment aimed at lowering the sympathetic tone. In patients
with SAH, routine administration of beta-blockers is not

warranted until there is evidence of improved overall out-
come; the net benefits may be disappointing because beta-
blockers also lower blood pressure.

Neurogenic pulmonary oedema
Pulmonary oedema occurs to some degree in approximately
one-third of patients with SAH [139,140], but the fulminant
variety is much more rare (2% in the largest series to date)
[141]. The onset is usually rapid, within hours. What trig-
gers pulmonary oedema is unclear.

The typical clinical picture consists of unexpected dyspnoea,
cyanosis and production of pink and frothy sputum. Many
patients are pale, sweat excessively and are hypertensive. 
A chest X-ray usually demonstrates impressive pulmonary
oedema which may disappear in a matter of hours following
positive end-expiratory pressure ventilation. A problem is that
liberal administration of fluids is beneficial for brain perfusion
but may delay recovery of pulmonary oedema and hence
impair brain oxygenation, and that positive end-expiratory
pressure ventilation increases intracranial pressure.

In case of associated left ventricular failure, clinically mani-
fested by sudden hypotension following initially elevated
blood pressures, transient lactic acidosis and mild elevation of
the creatine kinase MB fraction [142,143], inotropic agents
are indicated (dobutamine, 5–15 �g/kg/min) [144].

Conclusion

We think we have distinguished in this chapter, explicitly or
at least implicitly, between (a) solid evidence, from several
well-performed clinical trials; (b) less reliable evidence, from
single trials, case series or observational studies; and (c)
pathophysiological reasoning, with all its fallacies. In every-
day practice a multitude of management decisions must still
be taken without good evidence. There are several reasons
for this: there is no trial at all; trial results may be equivocal;
patients may be different from those enrolled in trials; new
procedures require practice, or a trial may not be feasible.
‘Logical reasoning’ may be maligned and reviled in the 
present era but paradoxically it is still indispensable – not
only to fill the gaps in empirical knowledge but also to inter-
pret existing evidence and to plan new trials. In fact, the
generation of new knowledge is a continuous, cyclical
process in which newly gained insights in pathophysiology
give rise to new therapeutic experiments, the results of
which generate fresh hypotheses, and so on. Compassion,
curiosity and doubt are the essential forces that keep the
cycle moving [145].
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Background and clinical questions

Acute traumatic brain injury (TBI) is an important public
health problem. According from the US National Centre for
Injury Prevention and Control, only in the US 1,500,000
people are affected by acute head injury each year. From this
500,000 die, 230,000 require long-term hospitalization and
between 80,000 and 90,000 develop some kind of long-term
neurological disability [1].

Even under the best circumstances the mortality for acute
severe head injury is around 36%, for severe disability in 15%,
for moderate disability 20% and for complete recovery 25%,
although these patients can remain with significant emotional
and significant alterations preventing the normal reintegration
in to the society [2].

Evidence about best clinical management, monitoring and
follow-up is limited and contradictory. Recently several issues
among the management of acute subdural haematoma
(ASDH), computed tomography scan (CTS) scan follow-up,
intracranial pressure (ICP) and antiepileptic management
had been a matter of discussion.

We searched in the following databases: Cochrane Injuries
Group Specialised Register, Cochrane Central Register of
Controlled Trials, MEDLINE and LILACS.

Critical review of the evidence for 
each question

1. Non-operative treatment for traumatic ASDH
How does conservative treatment in an intensive care unit (ICU) with
respect to immediate surgery affect the short- and long-term outcome?

ASDH, defined as a haematoma within 14 days after trauma,
is a common finding after acute TBI. It is diagnosed using
head CTS based on revealing extra cranial, hyperdense, 
and dynamic collections between the dura and the brain
parenchyma. Normally all types of ASDH are managed sur-
gically, either by craniotomy or burr holes, but in the past
few years there had been an increasing trend towards con-
servative, medical therapy, despite lack of data supporting
such therapeutic strategy.

Several authors [3,4] have reported some clinical and
radiological characteristics in patients with traumatic ASDH,

which allow for non-operative management. Irrespective
of ASDH, surgical treatment may also be required for other
evolving traumatic brain lesions. Due to the frequent associ-
ation of ASDH with other types of parenchyma injury, 
non-surgical management decisions should also take into
consideration the recommendations for the other lesion
types. The subset of ASDH patients that would benefit from
medical management still requires definition.

To determine whether or not traumatic ASDH can be
managed conservatively, we searched for randomized-
controlled trials (RCTs) comparing surgical versus non-surgical
management of post-traumatic ASDH in adult patients. We
did not find RCTs but only two prospective and five retro-
spective studies (Table 15.1).

In a prospective study [4] Servadei analyzed 65 patients
with large traumatic ASDH. Of a total of 65 patients with
Glasgow Coma Scale (GCS) �8, 15 patients were initially
managed conservatively based on a clinical protocol using
CTS and ICP parameters. Two CTSs were performed within
the first 6 h of injury. Of the 15 cases initially treated conser-
vatively, 7 showed improved GCS compared to admission, 
4 remained in stable clinical condition, and 4 showed a
decrease in the neurological status not related to the SDH
itself. Requirements for non-surgical management were as
follows: clinical improvement or stability from the scene of
the accident, haematoma thickness �10 mm, midline shift
(MLS) �5 mm and ICP �20 mmHg or 20–30 mmHg, if the
cerebral perfusion pressure was �75 mmHg. Two patients
failed non-operative management and as a result under-
went a craniotomy after the sequential CTS was performed.
When comparing the different parameters between the sur-
gical group and the patients initially managed conserva-
tively, haematoma thickness and shift of the midline
structures were predictive of the need for surgery. Outcomes
for the conservatively treated group were as follows: mortal-
ity 20% (15 patients), severe disability 13.3% (2 patients)
and good recovery 66.7% (10 patients). The authors con-
cluded that GCS scoring at the scene of the accident and in
the emergency room combined with early and subsequent
CT scanning is crucial when making the decision for non-
operative management for selected cases with ASDH with 
a thickness �10 mm and with a shift of the midline struc-
tures �5 mm.
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In an prospective observational study also published by
Servadei et al. [5], reported 206 patients (all age groups) with
TBI with GCS �3 presenting with ASDH �5 mm thickness.
The study investigates the effects on prognosis of patients with
ASDH and other findings on admission which could predict
worsening of brain lesions and prognosis. There was no
treatment protocol; the authors conclude that haematoma
thickness, MLS, status of basal cisterns and presence of sub-
arachnoid haemorrhage (SAH) on the initial CTS were related
to poor neurological outcome.

In summary there is insufficient information regarding
the operative and non-operative management in patients
with traumatic ASDH. The prognosis of traumatic ASDH
seems to be clinically related: age, pupillary status, ICP; and
initial CTS variables: MLS, haematoma thickness, patency
of the basal cisterns, and SAH. Sometimes surgical treatment
is required for other evolving traumatic brain lesions dif-
ferent from the ASDH. Some subgroups of patients with
traumatic ASDH would benefit from initial conservative
management.

In conclusion patients with GCS �8, and traumatic ASDH,
with haematoma thickness �10 mm, MLS �5 mm, and
patent basal cisterns admitted in to hospitals, with CT scanner,
24 h neurosurgery and an ICU with ICP monitoring, could be
considered as candidates to be treated non-surgically.

Prospective trials including adult patients with mild, mod-
erate, and severe closed TBI with MLS �5 mm, different sta-
tus of the basal cisterns, SAH, and a clot thickness �10 mm
must address whether or not patients with traumatic ASDH
can be managed conservatively.

2. Serial CTSs in acute patients
Among patients with acute TBI without clinical deterioration or ICP
elevation, how does the practice of serial CTSs affect the indication
for surgery treatment, the short-term mortality and the probability
of acute complications?

CTS is the current standard imaging method for diagnosing
intracranial pathology following acute traumatic head injury.
It is well known that intracranial lesions after TBI are not
static and develop over time. As a result of the improve-
ments in the trauma system, emergency transport practices
and reduced times between trauma and initial CTS, the
chances of finding an intracranial lesion very early in its
course and evolution are high. The use of sequential CTS to
evaluate progression of injury is considered common prac-
tice [6] even though the evidence of its impact in outcome is
unknown. The utility of repeated head CT performed solely
for routine follow-up has not yet been defined [7].

Given the conflicting results regarding the indication for a
second scheduled head CT in patients with severe closed brain
injury, it is disappointing that we did not find any RCTs evalu-
ating the utility of routine repeated CTS in these patients.
Only eight prospective non-RCTs, were identified (Table 15.2).

Lobato et al. [8] reported a prospective study of 56 patients.
The author’s intention was to determine the incidence of
pathological ICP changes during the acute post-traumatic
period in patients with severe acute TBI presenting with diffuse
injury (DI) I–II (TCDB classification) on the admission CTS.
The aim was to define the most appropriate strategy of sequen-
tial CTS and ICP monitoring for detecting new intracranial

Table 15.1 Conservative treatment versus surgical evacuation of acute subdural haematoma in patients with acute severe TBI.

Reference Type of study Patients Intervention Outcome Results

Servadei [4] Non-randomized, 65 patients –15 patients GOS at 6 months Conservative treatment:
non-controlled, severe acute conservative treatment post trauma – mortality 20%,
prospective TBI, GCS �8 CTS: haematoma �10 mm – severe disability 13%,

and MLS �5 mm – good recovery 67%
ICP: �20 mmHg or between Surgery:
20 and 30 mmHg if CPP – mortality 48%
�75 mmHg – severe disability 22%
–50 patients surgical – good recovery 28%
evacuation of haematoma

Servadei [5] Non-randomized, 206 patients Conservative treatment: GOS at 6 months – mortality 46%,
observational study, with TBI and Serial CT scan. First within 3 h post trauma – vegetative state 2%,
prospective GCS �3 and of admission, second within – severe disability 6%,

ASDH �5 mm 12 h of admission. Subsequent – favourable outcome 46%
according to the clinical First CTS findings
condition associated with poor

neurological outcome

GCS: Glasgow Coma Scale; CTS: computed tomographic scan; ICP: intracranial pressure; CPP: cerebral perfusion pressure; ICU: intensive care unit; 
ASDH: acute subdural haematoma; TBI: traumatic brain injury; MLS: midline shift; GOS: Glasgow Outcome scale.
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mass effect and improving the final outcome. All patients had
the initial CTS less than 24 h after injury, several control CTS
within the first days of the trauma and ICP monitoring after
admission. The mean GCS was 5, 57.1% of the patients
showed CTS changes: new contusion (26.8% of the cases),
growth of previous contusion (68.2%), previous extra axial
haematoma (10.7%), and generalized brain swelling (10.7%).
64.9% of the patients had a favourable outcome and 35.1%
an unfavourable outcome. Overall, 27 (48.9%) patients
developed clinical deterioration, 21 (37.5%) with concurrent
CTS changes and 6 (10.7%) without new pathology. The
remaining 29 (51.7%) patients did not develop deteriora-
tion in spite of 11(19.6%) showing CTS changes. The pres-
ence of contusion at the initial CTS (P � 0.01) and the
presence of generalized brain swelling (P � 0.003) in poste-
rior CTS significantly correlated with the risk of deteriora-
tion. This worsening in neurological status increased the risk
of death by a factor of 10 (OR � 9.8). Eight (14.2%) patients
requiring surgery showed simultaneous ICP deterioration
and CTS changes, but another 11 patients in a similar condi-
tion were able to be managed without surgery. Over 50% of
the patients with initial DI I–II lesions developed new CTS

changes and nearly 50% showed intracranial hypertension.
The discordances between ICP and CTS deterioration were
seen in 30.3% of patients. Therefore, the authors recommend
ICP monitoring in all patients and serial CTS at 2–4, 12, 24,
48, and 72 h after injury with additional controls as indicated
by clinical or ICP changes in all cases.

Brown et al. [6] reported a prospective analysis of 100
patients with GSC �14. The study intended to examine the
value of routine serial CTS after TBI in a single Level I
trauma centre. Repeated CTS was ordered at the discretion
of the trauma team or the neurosurgical consultant with no
protocol in place. Only patients who showed abnormalities
subsequent to the initial CTS scan were included. Patents
that died within 24 h were excluded. Patients with moderate
TBI were also included. Sixty eight patients who underwent
a repeat CTS (Repeat Group, RG) were compared with 32
patients who had CTS only at admission (No Repeat Group,
NRG) to evaluate the effect of repeat CTS on patient out-
come. Primary outcome was the need for TBI-related inter-
vention. The 68 patients in the RG underwent 90 repeat CTS.
Repeat scan were mainly done 34 � 32 h after admission.
This group had a higher incidence of extradural haematoma

Table 15.2 Effect on outcome and management of serial brain CTS policy.

Reference Type of study Patients Intervention Outcome Results

Lobato [8] Non-randomized, 56 patients acute severe Serial CTS admission, Surgery, clinical CTS add information
prospective TBI, diffuse CTS 24, 48, and 72 h deterioration and respect to ICP

damage, ICP monitoring death monitoring alone

Brown [6] Non-randomized, 100 patients moderate– 68 repeated CTS Surgery None patient with
prospective severe acute TBI, CTS (no protocol). 32 patients repeated CTS had

abnormality at admission only one CTS on admission. surgery

Oertel [9] Non-randomized, 142 patients acute TBI Early repeated CTS in Progression of 50% had PHI and
prospective any severity, mean patients with ‘progressive intracranial haemorrhagic 25% required 

GCS � 8 shift and brain swelling’ injury (PHI) surgery 

Servadei [5] Non-randomized, 206 patients TBI and GCS Serial CTS. First within 3 h, CTS worsening CTS evolution:
prospective between �3 and ASDH second within 12 h DI l I 4%,

�5 mm Subsequent according to DI lI–IV 13–20%
the clinical condition

Lubillo [10] Non-randomized, 82 patients intracranial CTS within 2–12 h Mortality and CTS findings
prospective haematoma and surgery after surgery long-term outcome associated with final

outcome

Cope [11] Non-randomized, 47 patients acute TBI CTS at admission, Surgery CTS allows early
prospective traumatic head injuries 1 month, and diagnosis of lesion

3 months later requiring surgery

Roberson [12] Non-randomised, 107 patients acute Serial CTS from day Delayed intracranial 18% of patients with
prospective TBI, coma 1 to 12 months lesions normal CTS at

admission present
delayed intracranial
lesion requiring
surgical decompression

GCS: Glasgow Coma Scale; CTS: Computed Tomographic Scan; ICP: Intracranial Pressure; ICU: Intensive Care Unit; ASDH: Acute Subdural
Haematoma; TBI: Traumatic Brain Injury; DI: diffuse injury.
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(EDH), and a trend towards more SDH. Of those undergoing
repeat CTS, 90% (n � 81) were performed on a routine basis
without neurological changes. Of those routine CTS, 26%,
52%, and 22% were classified as ‘better’, ‘the same’, and
‘worse’, respectively. No patient had any neurosurgical inter-
vention after having a routine repeated CTS. In the RG,
every patient (100% of cases) with EDH, intraventricular
haemorrhage (IVH) underwent sequential CTS, but only in
70% of the cases of patients with SDH, Intraparenchymal
haemorrhage (IPH), contusion, MLS, or multiple injuries.
83% of patients GCS �8 underwent repeat CTS scan and
showed a trend towards a higher injury severly scane (ISS)
and lower GCS. The authors concluded that the use of rou-
tine serial CTS in patients without neurological deterioration
was not supported.

In a prospective study Oertel et al. [9] looked at patients
who underwent two CTS within 24 h after acute TBI to deter-
mine the incidence, risks factors, and clinical significance of
progressive haemorrhagic injury (PHI). One single Level I
Trauma centre, 142 patients with mild, moderate, and severe,
closed and penetrating TBI were included. The diagnosis of
PHI was determined by comparing the first and second CTS
and defined as an unambiguous increase in the full film
appearance of lesion size; this amounted to a �25% increase
in at least one dimension of �1 lesion seen on the first post-
injury CTS. The mean GCS was 8. Potential risk factors,
coagulation status, temperature, ethanol, ICP, and CPP were
analysed. Increased MLS, hemispheric swelling, or progressive
loss of basilar cisterns on the second CTS was defined as ‘pro-
gressive shift and swelling’. Similarly, ‘progressive brain shift
and swelling’ was present in 23% of patients with PHI but in
only 4% of patients without PHI (P � 0.003). The second
CTS scan was performed earlier in patients ‘with progressive
brain shift and swelling’ than in patients without this finding
(6.4 � 4.2 h post injury versus 9.3 � 3.9 h post injury;
P � 0.01). Of the 17 patients with progressive shift and
swelling, eight underwent craniotomy after the second CTS.
Male sex (P � 0.01), older age (P � 0.01), time from injury
to first CTS (P � 0.02), and initial partial thromboplastin time
(P � 0.02) were the best predictors of PHI. Of the 46 patients
who underwent craniotomy for haematoma evacuation, 24%
present the haematoma after the second CTS. Early CTS
after moderate or severe TBI did not reveal the full extent of
haemorrhagic injury in 45% of patients. PHI approached
50% in patients undergoing scanning within 2 h of injury.
Parenchymal lesions in the frontal and temporal lobes are
the most likely to progress. Patients with PHI had a greater
degree of subsequent ICP elevations, and 25% required a
craniotomy. The neurological outcome at 6 months post
injury was similar in both groups. The authors recommended
early repeated CTS in patients with no surgically treated
haemorrhage revealed on the first CTS.

In a prospective study Servadei et al. [5] intended to
establish the frequency of deterioration in CTS appearance

from an admission scan to subsequent scans and the prognos-
tic significance of such deterioration. Data has been gathered
prospectively for 206 patients with moderate and severe
head injury. The findings of the initial and the final (‘worst’)
CTS were classified according to the Traumatic Coma Data
Bank (TCDB) system and were related to outcome using the
GOS at 6 months after injury. The initial CTS findings were
classified as a DI for 53% of the cohort, with 16% of these
DI demonstrating deterioration on a subsequent scan. In
56(74%) of 76 deteriorations, the change was from a DI to a
mass lesion. Patients with normal CTS or with a DI I at
admission showed a low rate of evolution (4%). Patients
with DI II, III, and IV showed high rates of progression to
mass lesion (13–14 for DI II and III and 20% for type IV). A
third CTS may be scheduled on the third day post trauma.
When the initial CTS demonstrated a DI without swelling or
shift, evolution to a mass lesion was associated with a signifi-
cant increase in the risk of an unfavourable outcome (62%
versus 38%). The author recommended follow-up scans when
admission CTS demonstrates evidence of a DI, because
approximately 1/6 of patients will demonstrate significant CT
evolution of this lesions. The CTS may be repeated within 12 h
whenever the first scan is obtained within the 3 h after injury
and within 24 h in all other situations. A third scan was also
recommended on the third day after trauma, even though the
author accepted that this recommendation is empiric.

Lubillo et al. [10] prospectively studied 82 patients with
isolated, severe TBI (GCS �8), all of whom had intracranial
haematoma. The author analysed the CTS appearance after
evacuation of a mass lesion in relation to outcome. The CTS
was performed within 2–12 h after craniotomy; continuous
monitoring of the ICP and CPP were also done after the sur-
gery. The mortality rate during the hospital stay was 37%;
50% of the patients achieved a favourable outcome. The
postoperative scan revealed DI III–IV in 53 patients and DI
I–II in 29 patients. The percentage of time presenting an ICP
�20 mmHg and CPP �70 mmHg were higher in the group
of patients with DI III–IV (P � 0.001); these patients also
revealed an unfavourable neurological outcome. Patients
with a motor (m) GCS �3, bilateral unreactive pupils, asso-
ciated intracranial injuries, and hypotension demonstrate
high incidence of raised ICP, CPP �70 mmHg, DI III–IV, and
unfavourable outcome (P � 0.001). The author concluded
that the features on CTS obtained shortly after craniotomy
constitute an independent predictor of outcome in patients
with traumatic haematoma.

Cope et al. [11] reported a prospective study looking at
routine serial CTS in 47 patients with TBI. This study analysed
patients who were admitted to a rehabilitation unit after ini-
tial hospitalization. Under a prospective protocol of routine
scans (admission, 1 month and 3 months), 22% of patients
required neurosurgical intervention for a variety of findings.
Most patients had chronic manifestations of TBI not applicable
to acutely head injured patients. Though there is no reference
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regarding exact neurological disability before routine repeat
CTS, the patients who underwent neurosurgical intervention
had a higher disability rating score. This would imply that
the clinical status of the patient, not scan findings alone,
played a major role in determining the need for surgical inter-
vention versus observation. These authors concluded that
routine serial scanning may allow earlier diagnosis of a pro-
gressive intracranial lesion and thereby minimize further
brain injury in the rehabilitation setting.

In a prospective study, Servadei et al. [4] looked at patients
with large ASDH. Of 65 comatose patients, 15 patients were
initially managed conservatively according to a protocol based
on clinical, CTS and ICP parameters. Two patients failed
non-operative management and underwent a craniotomy
after sequential scan. When comparing the different param-
eters between the surgical group and the patients initially
managed conservative, haematoma thickness and shift of
the midline structures were predictive of the need of sur-
gery. The authors concluded that GCS scoring at the scene
and in the emergency room combined with early and subse-
quent CTS is crucial when making the decision for non-
operative management for selected cases with ASDH with 
a thickness �10 mm and with a shift of the midline struc-
tures �5 mm.

Roberson et al. [12] reported a prospective study of coma-
tose TBI patients who had routine CTS (on days 1, 3, 5, 7, 14,
and at 3 and 12 months). The author compared the value of
sequential scans, neurological status, and ICP in 107 patients.
Thirty eight (40%) of 95 patients had a normal CTS on
admission. Seven (18%) of these 38 patients had scans
demonstrating a delayed intracranial lesion requiring surgi-
cal decompression. It is important to note that all seven
patients had neurological deterioration before the interven-
tion and were not treated based on CTS results alone. They
gave a confirmatory value to CTS regarding the changes in
ICP monitoring and clinical examination. The author con-
cluded that it is useful to get a control CTS on days 3 and 7
after injury if the patient shows no clinical improvement.

In summary, there is insufficient information and conflicting
data on the value of repetitive routinely head CT in adult
severe closed head injury patients. Some subgroups of patients
with SAH, epidural haematoma, SDH, contusions, and intra-
parenchymal haematoma with initially conservative man-
agement would benefit from serial CTS. More studies are
needed to address this issue. Wherever possible, uncertain
about the convenience of doing a second CTS in absence of
clinical manifestations, for example impaired GCS, ICP ele-
vation, must evaluate the risks/benefits of transporting patients
out of the monitoring and controlled ICU environment.
Prospective trials including adult patients with moderate/
severe blunt head injury admitted to the ICU, first CTS clas-
sified according TCDB categories and including confounding
variables, worsening GCS and/or clinical examination, 

elevations of ICP, hypotension, and coagulopathy represent
the next step in defining guidelines for obtaining repeat CTS.

3. Anticonvulsive therapy for acute brain injury
patients
Among patients with acute TBI, how does the early treatment with
antiepileptic drugs affect the risk of early seizure, late seizure, and
the probability of long-term death or disabled condition? What are
the side effects?

The incidence of post-traumatic seizures (PTS) in patients
with acute TBI is between 10–30%. According to some
reports between 20–25% of patients with severe head injury 
(GCS �9) might be expected to have at least one PTS during
hospital stay. Depending on the time of occurrence, the PTS
can be classified in:
1 immediate seizures, occurring within the first few hours
of trauma;
2 early seizures, occurring with in one week;
3 late seizures, after 1 week of the initial trauma; only
recurrent ‘late seizures’ make up the clinical syndrome which
can be labelled as ‘post-traumatic epilepsy’ and can be
defined as a disorder characterized by recurrent seizures, not
referable to another obvious cause (‘unprovoked seizures’),
in patients following TBI.

‘Prevention’ simply means to hinder the occurrence of the
attacks without any attempt to block the pathogenetic
mechanism. To evaluate the efficacy of prevention it is suffi-
cient to control the number of seizures, if any, in patients to
whom antiepileptic drugs in the therapeutic range are given
and compare this number to the number of patients present-
ing or not presenting attacks during drug administration. To
evaluate the prophylactic effect of treatment upon late
seizures, it is necessary to collect series with a long follow-up
after discontinuation of treatment to verify if seizures occur.
In fact late seizures may occur years after injury.

One must firstly question if there is any justification for
prevention in PTS or epilepsy. Apart from early PTS, partial
(especially if recurrent) and generalized attacks, none of the
other types of PTS contribute to secondary damage of the
injured brain. Prevention and prophylaxis of ‘late seizures’
can prevent further accidental injuries, cognitive impair-
ment, loss of a driver’s licence, job, etc.

A systematic review of the use of drugs to prevent seizures
after head injury [13] identified 10 RCTs, which provided data
from 2036 patients. Four were unpublished studies, which
turned to be unavailable. Therefore, only six trials were
reviewed, which included 1218 randomized patients. Four
trials randomized 890 patients in order to address prevention
of early seizures. They found consistent evidence that the
early treatment with antiepileptic drugs, most commonly
phenytoin, but also carbamazepine and phenobarbitone,
decreased the relative risk (RR) of early seizures (0.34 (95%
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CI 0.21–0.54)). For late seizures, six trials were analysed;
there was significant heterogeneity between trials, and there-
fore a summary RR could not be calculated. A reduction in
late seizures was not demonstrated. Mortality data were avail-
able from five trials (1054 randomized patients), showing no
beneficial effect of antiepileptics (pooled RR 1.15; 95% CI
0.89–1.51); or death and severe neurological disability [14],
RR 1.49, 95% CI 1.06–2.08 [15]; RR 0.96; 95% CI 0.72–1.39).
Skin rashes: based on the pooled RR, for every 100 patients
treated, 4 will develop skin rashes. Table 15.3 shows the
characteristics of systematic reviews addressing the issue of
seizure prevention in head trauma.

A trial by Temkin et al. [16] of patients at high risk for
seizures assigned 132 head injured patients to receive
phenytoin, 120 to receive a 1-month course of valproate,
and 127 to receive a 6-month course of valproate. The cases
were followed up to 2 years. The rates of late seizures did
not differ among treatment groups. The mortality rates were
not significantly different between treatment groups, but
there was a trend towards a higher mortality rate in patients
treated with valproate. The lack of additional benefit and 
the potentially higher mortality rate suggest that valproate
should not be routinely used for the prevention of early or
late PTS.

Based on these findings, antiepileptic drugs seem to con-
trol early seizures in patients with TBI. They do not seem 
to prevent the subsequent development of post-traumatic
epilepsy, nor change mortality nor improve disability.

Therefore, as early seizures may contribute to secondary
damage to the injured brain, preventive treatment with
phenytoin should be initiated as soon a possible after injury
among patients with severe TBI. Antiepileptic drugs should
not be used after the first 7 days of injury to decrease the
risk of PTS occurring beyond that time.

4. Monitoring intracranial hypertension
Among patients with severe acute TBI, how does the ICP monitoring
policy affect the probability of death or the severity of neurological
impairment?

Many investigators have studied the relationship between
increased ICP and patient outcome. Miller et al. [17], were
among the first; Marshall et al. [18], Gaab and Haubitz [19],
McGraw et al. [20], Narayan et al. [21], and Fearnside et al.
[22] have demonstrated significantly worse outcomes in
patients with increased ICP. Marmarou et al. [23] reviewed 
the experience of the TCDB with regard to ICP instability 
and hypotension. By measuring the percentage of time that
ICP was �20 mmHg, they were able to demonstrate that ele-
vated ICP was a highly significant predictor of poor outcome.
Unterberg et al. [24] found that patients with late (day 3–5)
increases in ICP had significantly worse outcomes than
patients without such an increase. The prospective analysis of
394 head injury patients obtained from the database provided
by the Selfotel trial [25] showed an important decrease in neu-
rological outcome in those patients with alterations of the ICP.

Controlling and preventing high ICP and aggressive treat-
ment of ICP elevation plus avoiding cerebral ischaemia main-
taining the cerebral blood flow (CBF), and the cerebral
perfusion pressure is actually the standard of treatment in
acute TBI. Unfortunately there is no consensus on the best
way to achieve these goals. A systematic review about the
effects of ICP monitoring in severe traumatic acute head injury
on mortality and severe neurological disability was published
by the Cochrane Database. The inclusion criteria were RCTs
comparing any kind of ICP monitoring versus no monitoring
at all. To the date of publishing there were no RCTs according
to the inclusion criteria. In our opinion it is not possible to
get any result comparing only a monitoring system. The

Table 15.3 Antiepileptic drugs for acute TBI.

Types of Intervention Outcome Number of Control group Relative risk Absolute risk Comment
studies patients (number risk (range) (95% CI) reduction
(reference) of trials) (95% CI)

SR [13] Antiepileptic Early seizure 890 15% 0.34 10% Antiepileptic better
versus (4) (4–29) (0.21–0.54) (6–13)
standard care Late seizure 1218 15% 0.92 1% Antiepileptic better

(6) (7–42) (0.69–1.23) (ns) Heterogeneity
between trials

Death or 555 35% 1.12 �4% Antiepileptic worse
disability (2) (34–39) (0.80–1.39) (ns) Heterogeneity between

trials
Skin rush 568 7% 1.57 �4% Antiepileptic worse

(2) (1–9) (0.90–2.75) (ns)

SR: systematic review; CI: confidence intervals; ns: not statistically significant.
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neurological outcome of the patient depends not only on
the monitoring technique but also the interpretation of the
results obtained from the monitor and the clinical therapeut-
ic decision. Conceptually, a blinded treatment of intracranial
hypertension, according to many authors, will give the same
result as the one obtained from the blinded treatment of 
systemic hypertensive emergency.

5. Management of ICP
Among patients with severe acute TBI, how do ICP-lowering inter-
ventions affect the probability of death or the severity of neurological
impairment?

A systematic review done by Roberts et al. [26], analysed
the effectiveness of five medical interventions routinely used
in the medical management of severe acute TBI patients.
The specific interventions were hyperventilation, mannitol,
cerebrospinal fluid (CSF) drainage, barbiturates, and corti-
costeroids. On the basis of the available randomized evidence,
it is not possible to support or refute the existence of a real
benefit on mortality and neurological disability from the use
of these therapeutic interventions (Table 15.4).

Hyperventilation is often associated with a rapid fall in ICP,
therefore, it has been assumed to be effective in the treatment
of severe head injury patients. Hyperventilation reduces
raised ICP by causing cerebral vasoconstriction and a reduction
in cerebral blood volume. A Cochrane Systematic Review was

performed and published in 2000 [27]; only one trial was
which randomized 113 patients [28]. Possible disadvantages
of hyperventilation include cerebral vasoconstriction to such
an extent that cerebral ischaemia ensues. These investiga-
tors hypothesized that the short effect of hyperventilation
could be related to the CSF pH decrease, with a loss of HCO3-
buffer. The latter disadvantage might be overcome by the
addition of the buffer tromethamine (THAM). Accordingly,
a trial was performed with patients randomly assigned to
receive normal ventilation, hyperventilation (PaCO2 25 �

2 mmHg), or hyperventilation plus THAM (PaCO2 25 �

2 mmHg). Stratification into subgroups of patients with motor
scores of 1–3 and 4–5 took place. Outcome was assessed
according to the Glasgow Outcome Scale at 3, 6, and 12
months. There were 41, 36, and 36 patients, respectively. 
A 100% follow-up was obtained. At 3 and 6 months after
injury the number of patients with a favourable outcome
was significantly lower in the hyperventilated patients than
in the other two groups. This occurred only in patients with
a motor score of 4–5. At 12 months post-trauma this differ-
ence was not significant (P � 0.13). Biochemical data indi-
cated that hyperventilation could not sustain alkalinization
in the CSF, although THAM could. Accordingly, CBF was
lower in the HV � THAM group than in the control and HV
groups, but neither CBF nor arteriovenous difference of
oxygen data indicated the occurrence of cerebral ischaemia
in any of the three groups. Although mean ICP could be

Table 15.4 Interventions for lowering ICP.

Type of study Intervention Outcome Number of  Control Relative  Absolute risk Comment
(Reference) patients (number group risk reduction

of trials) risk (range) (95% CI) (95% CI)

SR [27] Hyperventilation Death 77 34% 0.73 9% Hyperventilation better
versus control (1) (0.36–1.49) (ns)

Death or 77 61% 1.14 �8% Hyperventilation worse
disability (1) (0.82–1.58) (ns)

SR [29] Barbiturate versus Death 208 42% 1.09 �4% Barbiturate worse
control (3) (27–53) (0.81–1.47) (ns)

Death or 135 43% 1.15 �7% Barbiturate worse
disability (2) (32–61) (0.81–1.64) (ns)

SR [30] Mannitol versus Death 41 14% 1.75 �11% Mannitol worse
placebo (1) (0.48–6.38) (ns)

Death 363 34% 0.56 15% High dose mannitol better
(3) (25–66) (0.39–0.79) (7–24)

Death or 363 63% 0.58 26% High dose mannitol better
disability (3) (54–90) (0.47–0.72) (17–36)

RCT [37] Corticosteroid Death 9673 22% 1.15 �3% Corticosteroid worse
versus control (1) (1.07–1.24) (2–5)

Death or 9554 36% 1.05 �2% Corticosteroid worse
disability (1) (0.99–1.10) (ns)

SR: systematic review; RCT: randomized controlled trial; CI: confidence intervals; ns: not statistically significant.
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kept well below 25 mmHg in all three groups, the course of
ICP was most stable in the HV � THAM group. It is concluded
that prophylactic hyperventilation is deleterious in head-
injured patients with motor scores of 4–5. Hyperventilation
alone, as well as in conjunction with the buffer THAM
showed a beneficial effect on mortality at 1 year after injury,
although the effect measure was imprecise (RR � 0.73; 95%
CI 0.36–1.49 and RR � 0.89; 95% CI 0.47–1.72, respect-
ively). This improvement in outcome was not supported by
an improvement in neurological recovery. For hyperventila-
tion alone, the RR for death or severe disability was 1.14
(95% CI 0.82–1.58). In the hyperventilation plus THAM
group, the RR for death or severe disability, was 0.87 (95%
CI 0.58–1.28). The data available are inadequate to assess
any potential benefit or harm that might result from hyper-
ventilation in severe head injury. RCTs to assess the effect-
iveness of hyperventilation therapy following severe head
injury are needed.

Mannitol may sometimes dramatically effective in revers-
ing acute brain swelling, but its effectiveness in the on-going
management of severe head injury remains open to ques-
tion. There is evidence that, in prolonged dosage, mannitol
may pass from the blood into the brain, where it might
cause reverse osmotic shifts that increase ICP. A Cochrane
Systematic Review was performed on this topic [30]. They
included 5 RCTs [31–35]. The authors concluded that high-
dose mannitol (fast intravenous mannitol in a dose of 1.4 g/kg
followed by rapid normal saline infusion 14 mL/kg) appears
to be preferable to conventional-dose mannitol in the pre-
operative management of patients with acute traumatic
intracranial haematomas. However, there is little evidence
about the use of mannitol as continuous infusion in patients
with raised ICP in patients who do not have an operable
intracranial haematoma. Mannitol therapy for raised ICP may
have a beneficial effect on mortality when compared to pen-
tobarbital treatment. ICP-directed treatment shows a small
beneficial effect compared to treatment directed by neurolog-
ical signs and physiological indicators. There are insufficient
data on the effectiveness of pre-hospital administration of
mannitol to preclude either a harmful or a beneficial effect on
mortality. It has to be stressed that three of these five trials did
not measure ICP, because the patients were examined in the
emergency room, and therefore, mannitol was administered
for the treatment of clinical signs of severity.

Cortisteroids have been widely used in treating people with
TBI. However the increase in mortality with steroids
demonstrated by the Cochrane Systematic Review [36] and
the CRASH trial [37] suggest that steroids should no longer
be routinely used in people with traumatic head injury.
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Background

Whether to prescribe corticosteroids for central nervous sys-
tem infections is a thorny topic for the physician and, as 
many of these conditions are often fatal and cause long-term
neurological deficit in the survivors, is important to get right.
Many organisms that infect the central nervous system cause
inflammation. This can cause further local damage through
compression of the brain parenchyma. In addition, the associ-
ated cerebral oedema can cause raised intracranial pressure,
leading to reduced cerebral perfusion and ischaemia which
results in further oedema. Ultimately this can lead to brain-
stem herniation and death. Corticosteroids may reduce the
inflammation in the parenchyma, subarachnoid space, and
blood vessels, reduce cerebral and spinal cord oedema, thus
reducing this damage [1–4]. On the other hand, corticosteroids
suppress the immune system and this could make the illness
worse by allowing the infective organism to proliferate. In
addition, adverse effects of steroids (such as gastrointestinal
haemorrhage, electrolyte changes, hyperglycaemia, psychosis,
and opportunistic infections) can contribute to illness and
death. In addition, steroids may reduce inflammation of the
meninges which could decrease the penetration of drugs used
to treat the infection, across the blood brain barrier.

Framing answerable clinical questions 
and general approach to search evidence

Despite at least 50 years of physicians using steroids in neuro-
logical infections, there remains considerable debate as to
which if any diseases should be treated this way [5]. In the
light of these debates, and after discussion with acknow-
ledged experts in the field, we have therefore drawn together
the best available evidence on this question for six serious
neurological infections important globally: (1) tuberculous
meningitis, (2) bacterial meningitis, (3) herpes simplex
encephalitis, (4) Japanese encephalitis, (5) neurocysticercosis,
and (6) cerebral malaria. We drew primarily on existing 

systematic reviews and randomized controlled trials (RCTs),
identified by the search strategy outlined in Table 16.1.

Critical review of the evidence for 
each question

1. Tuberculous meningitis
Does the use of adjunctive corticosteroids improve mortality or disabil-
ity in adults or children with tuberculous meningitis?

Tuberculous meningitis (TBM) is caused by Mycobacterium
tuberculosis, and results in death or severe neurological deficits
in more than half of those affected, despite antituberculo-
sis (anti-TB) chemotherapy [6,7]. Clinical features include

CHAPTER 16
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Anu Jacob, Tom Solomon, Paul Garner
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Table 16.1 Search strategy.

Search strategy for identification of studies
We attempted to identify all relevant studies regardless of language or
publication status (published, unpublished, in press, and in progress).

Databases
We searched the following databases:
• Cochrane Infectious Diseases Group Specialized Register (September
2005).
• Cochrane Central Register of Controlled Trials (CENTRAL), published
in The Cochrane Library (Issue 3, 2005).
• MEDLINE (1966 to September 2005).
• EMBASE (1974 to September 2005).
• LILACS (1982 to September 2005).

The following strategy was used to search all databases:
(meningitis OR encephalitis OR cerebral OR brain malaria OR
neurocysticerc*) AND (steroid* OR corticosteroid* OR hydrocortisone
OR dexamethasone OR prednisolone OR glucocorticoid* OR
methylpredniso*).

To identify RCTs, this search was combined with the Cochrane Highly
Sensitive Search Strategy as contained in the Cochrane Reviewers’
Handbook (Higgins 2005).
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headache, fever, vomiting, photophobia, anorexia, neck stiff-
ness; sometimes patients are confused, have limb weakness,
cranial nerve palsies, seizures or coma [8]. The modified
British Medical Research Council clinical criteria allow grading
for TBM severity [9]. (Grade I: Alert and orientated without
focal neurological deficit. Grade II: Glasgow coma score
(GCS) 14–10 with or without focal neurological deficit or
GCS 15 with focal neurological deficit. Grade III: GCS less
than 10, with or without focal neurological deficit.)

Most clinicians would follow a pragmatic model of TB
treatment based on short course chemotherapy for pul-
monary TB with an ‘intensive phase’ four drug phase, fol-
lowed by two drug ‘continuation phase’ [10,11]. The first 2
months of treatment should be with isoniazid, rifampicin,
pyrazinamide, and either streptomycin, ethambutol, or
ethionamide. Pyridoxine should be given with isoniazid. In
general 9–12 months of treatment is required. Isoniazid and
rifampicin with or without pyrazinamide are continued in
the continuation phase. Use of adjunctive corticosteroids
was suggested since 1953 but has remained controversial
and its use restricted to more severe stage of illness [5].

We found one Cochrane Review conducted in 2000 (with
six RCTs) and one recent large RCT [12–19]. The recent trial
meets the inclusion criteria of the Cochrane Review so 
we have therefore added the recent trial [19] to the meta-
analysis. Seven trials of 1140 patients met the inclusion cri-
teria. Most trials were recent [13–17,19] but one older study
conducted in the 1960s also qualified for inclusion [12].
Trials assessed the effects of steroids in young children 
[16], adults [14,15,17,19], or both [12,13]. All studies used
the British Medical Research Council staging system to
assess baseline severity [9,16,17]. Two studies included only
patients with stage II and III disease while the rest included

patients with all stages of severity [16,17]. The anti-TB drug
regimen varied. One study was conducted before the advent
of rifampicin and pyrazinamide [12]. A four drug regimen
was used in only four studies [15–17,19]. The corticosteroid
used in the different studies was dexamethasone [8,12–14,17]
and prednisolone [15,16]. The dosages of the corticosteroids
varied. For dexamethasone the initial starting doses were
around 0.4 mg/kg. This was then tapered gradually.
Prednisolone was used in two studies in doses ranging from
60 mg/day to 4 mg/kg/day in divided doses .The duration of
steroid usage varied from 4 to 8 weeks. Most studies used a
gradually reducing dosage to completely stop the steroids.
Death was reported in all six trials and residual neurological
deficit in all studies except two [12,17].

Death: Across all trials steroids appeared to be protective
in both children and adults (relative risk (RR) 0.78, 95%
confidence interval (CI) 0.67–0.91, seven trials, n � 1140;
Figure 16.1). This appeared to be similar in both adults and
children (trials with mostly children: RR 0.77, 95% CI
0.62–0.96; trials of adults: RR 0.79, 95% CI 0.64–0.98). We
explored whether the effect varied with disease severity. As
data available for stage I patients were sparse, data for stages
I and II (mild and moderately severe disease, respectively)
were combined for comparison with stage III (severe) disease.
One trial [17] was excluded as it did not stratify by stage.
Steroids were associated with fewer deaths in both categories,
and the effect was significant in both mild–moderate disease,
and severe disease (Figure 16.2). For patients with HIV, there
is the potential that steroids could do more harm than good.
Only one trial addressed this [19]; none of the patients were
on antiretroviral drugs, with a trend towards improvement,
which was not statistically significant. The numbers of HIV-
infected patients were small, and so there is insufficient
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Comparison: Any steroid vs control
Outcome: Death

Study Treatment Control RR (fixed) Weight RR (fixed) 
or sub-category  n/N n/N 95% Cl % 95% Cl

O’Toole 1969 6/11 9/12 3.73 0.73 [0.39, 1.37]
Girgis 1991 72/145 79/135 35.44 0.85 [0.68, 1.05]
Kumarvelu 1994 5/20 7/21 2.96 0.75 [0.28, 1.98]
Chotmongkol 1996 5/29 2/30 0.85 2.59    [0.54, 12.29]
Schoeman 1997 4/67 13/67 5.63 0.31 [0.11, 0.90]
Lardizabal 1998 4/29 6/29 2.60 0.67 [0.21, 2.12]
Thwaites 2004 87/274 112/271 48.79 0.77 [0.61, 0.96] 

Total (95% Cl) 575 565 100.00 0.78 [0.67,  0.91]
Total events: 183 (Treatment), 228 (Control)
Test for heterogeneity: Chi2 � 5.89, df � 6 (P � 0.44),  I2 � 0%
Test for overall effect: Z � 3.24 (P � 0.001)

0.01 01 10 1001

Figure 16.1 Meta-analysis of seven RCTs including 1140 patients comparing any corticosteroids � antituberculous treatment versus
control � antituberculous treatment with death as the outcome. The overall results show a beneficial effect of steroids. From [18] © Cochrane
Collaboration, with permission.
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information to confirm or reject confidently a treatment effect.
These results may not be generalizable to populations with
access to antiretroviral drugs.

Death combined with long-term disability: Three trials
measured residual neurological disability as an outcome. The
effect of steroids on number of patients dying combined with
the number with long-term disability suggested benefit, but
significance was marginal (pooled RR 0.82, 95% CI 0.70–0.97,
three trials, n � 720). In the largest study no benefit was
seen (RR 0.89, 95% CI 0.75–1.07) [19].

Our interpretation
Adjunctive treatment with dexamethasone improves survival
in TBM in adults and children at any stage of disease. The
impact on long-term disability is less clear. So it is unclear
whether survivors are more likely to be severely disabled. The
benefits of treatment with steroids in those infected with HIV
are not clearly established.

2. Acute bacterial meningitis
Do corticosteroids improve mortality or disability in adults with
acute bacterial meningitis?

Acute bacterial meningitis (ABM) is a dangerous illness and
an important cause of death and disability worldwide, even

when the best antibiotic therapy is given. The common
microbes in ABM in adulthood are Neisseria meningitides and
Streptococcus pneumoniae, which cause 80–85% of all cases
[20,21]. Haemophilus influenzae is also important in develop-
ing countries, but less so in countries where there is routine
vaccination. Fatality rates in patients with meningitis caused
by these are 10% and 26%, respectively [20]. Those adults
with good recovery after pneumococcal meningitis are at
substantial risk for cognitive deficits [22]. The clinical features
and management are outlined elsewhere and is beyond the
scope of this chapter [23–25].

The role of steroids in the treatment of ABM is controver-
sial. In animals, disease outcome is correlated with severity
of the inflammatory response in the subarachnoid space. In
animals, treatment with steroids reduces inflammation in
the subarachnoid space, and this provides the rationale for
trials of steroids in humans [3,4]. Research in children sug-
gests some protective effect: In children, two different meta-
analyses or RCTs suggest benefit of steroids on severe hearing
loss in Haemophilus influenzae type b meningitis [26,27]. A
third meta-analysis showed dexamethasone to be protective
for severe hearing loss in children with pneumococcal
meningitis in the subgroup of children who received corti-
costeroids before or with the first dose of antibiotics; no ben-
eficial effect was found for patients with meningococcal
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Comparison: Any steroid vs control stratified by severity 
Outcome: Death

Study
or sub-category

Treatment
n/N

RR (fixed)
95% Cl

RR (fixed)
95% Cl

Weight
%

Control
n/N

0.001 0.01 0.1 10 100 10001

Stage I (mild) or stage II (moderately severe)
O’ Toole 1969
Girgis 1991
Kumarvelu 1994
Chotmongkol 1996
Schoeman 1997
Thwaites 2004
Subtotal 95% Cl)
Total events: 73 (Treatment),  107 (Control)
Test for heterogeneity: Chi2 � 1.93, df � 5 (P � 0.86), I2 � 0%
Test for overall effect: Z � 2.99 (P � 0.003)

2.05
8.61
2.87
0.21
0.48

33.56
47.22

0.69   [0.25,   1.88]
0.52   [0.27,   1.00]
0.86   [0.29,   2.49]
3.38   [0.14, 79.00]
1.03   [0.07, 15.78]
0.69   [0.51,   0.93]
0.68   [0.53,   0.88]

03 Stage III (severe)
O’ Toole 1969
Girgis 1991
Kumarvelu 1994
Chotmongkol 1996
Schoeman 1997 
Thwaites 2004
Subtotal (95% Cl)
Total events: 108 (Treatment), 115 (control)
Test for heterogeneity Chi2 � 6.98, df � 5 (P � 0.22), I2 � 28.4%
Test for overall effect: Z � 2.02 (P � 0.04)

1.76
27.64
0.98
1.06
5.27

16.08
52.78

0.76  [0.45, 1.32]
0.92  [0.76, 1.13]
0.26  [0.02, 3.86]
1.33  [0.45, 4.13]
0.26  [0.08, 0.78]
0.91  [0.67, 1.24]
0.84  [0.71, 0.99]

538 525 100.00 0.77  [0.66, 0.89]Total (95% Cl)
Total events: 179 (Treatment), 222 (control)
Test for heterogeneity: Chi2 � 12.48, df � 11 (P � 0.33), I2 � 11.9%
Test for overall effect: Z � 3.60 (P � 0.0003)

3/7
10/48
  5/21
  1/23
  1/30

  53/213
       342

3/4
62/97

0/3
4/6

  3/24
34/62

      196

4/4
59/85

2/4
2/4

12/24
36/60

      181

5/8
20/50
  5/18
  0/26
  1/31

76/211
     344

Figure 16.2 Meta-analysis of seven RCTs comparing any corticosteroids � antituberculous treatment versus control � antituberculous treatment
with death as the outcome, stratified according to stage of disease. From [18] © Cochrane Collaboration, with permission.

9780727918116_4_016.qxd  2/8/07  4:25 PM  Page 153



meningitis [28]. The role in adults has been less clear and
has only recently been summarized [21].

Two systematic reviews were identified [21,29], one a
Cochrane Review in 2003, the second by the same authors
published in 2004 with an additional recent trial [30]. We
identified no further relevant trials, and have used the 2004
review here [21]. Five eligible trials involving 623 patients
[11,30–33] were included in the meta-analysis. Two trials
were neither placebo controlled nor double blinded [11,32].
In one study, patients older than 12 years were considered
adults [32]. Dexamethasone was used in five trials in 3–7-day
regimens and dosages ranged from 16 to 40 mg daily; one
study used hydrocortisone [31]. The study medication was
started before or with the first dose of antibiotics in two studies
[30,32]; in two other studies it was given after the first dose
[11,33]. For one study the protocol required that therapy with
steroids or placebo be instituted at the time that antibacterial
agents were first instituted, or at the time that a major change
in antibacterial therapy occurred [31]. Several antibiotic regi-
mens were used. In two studies a sample size calculation was
given [30,33] but an intention-to-treat analysis was available
for only one study [30]. For the remaining studies only per-
protocol data could be ascertained. Mortality rates in the
studies ranged from 11% to 45%. Definitions of adverse
events varied and the numbers of events were calculated for
each study. There could have been selection bias and patient
withdrawal in some studies which might affect the results
[21]. The results are summarized in Table 16.1.

Death: Fewer patients died in the steroid group (12%)
compared with placebo (22%) (RR 0.6, 95% CI 0.4–0.8, five

trials, 623 patients) (Table 16.1). The absolute reduction in
risk of a fatal outcome was 10%. Stratifying the analysis 
by causative organism (pneumococcal, meningococcal, and
other) was associated in different baseline mortality but
effect sizes for steroids were similar.

Neurological disability: Neurological sequelae (defined as
one or more focal neurological deficits including hearing loss
and epilepsy not present before meningitis onset) could be
analysed in three studies, including 340 patients [11,30,33].
The proportion of patients with neurological sequelae was
smaller in the steroid group (26 of 184) (14%) than in the
placebo group (35 of 156) (22%), bordering on statistical
significance (RR 0.6, 95% CI 0.4–1.0, P � 0.05) (Table 16.2).
Subgroup analysis by causative organisms did not show a
significant benefit for patients treated with steroids. 

Adverse events: Adverse events were reported in 391
patients and occurred similarly in the treatment and placebo
group (RR 1.0, 95% CI 0.5–2, P � 0.9). Gastrointestinal bleed-
ing occurred in 2 of 202 (1%) patients in the steroid group
and 7 of 189 (4%) in the placebo group.

Our interpretation
Use or not? Steroids appear to be of benefit in bacterial
meningitis. Though methodological and design flaws of some
studies included in the analysis diminished the reliability of
results, the consistency and degree of benefit identified and
the presence of one large well-performed clinical trial merit
early steroid therapy in most adults with suspected ABM.

Trials have been in selected patients. It may be that the bene-
fits seen in people with meningitis uncomplicated by other
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Table 16.2 Summary of outcomes in trials of corticosteroids in tuberculous meningitis and in acute bacterial meningitis.

Types of Intervention Outcome Number Control Relative risk Absolute Comment
study of patients group (95% CI) risk 
(reference) (number of risk (range) reduction 

trials)

SR [18] Corticosteroids with Death 1140 40% 0.78 8% Corticosteroids 
RCT [19] ATT (DM 4 mg/kg (7) (19–75) (0.67–0.91) better 

or prednisolone NNT � 12
20–60 mg/day from 
4 to 8 weeks) versus 

ATT (with or without Death 720 0.82 Corticosteroids better
placebo) or disability (3) (0.70–0.97) Marginal significance

SR [21] Corticosteroids with Death 623 22% 0.6 10% Corticosteroids better 
antibiotics (DM (5) (15–46) (0.4–0.81) NNT � 10
16–40 mg/day from 
3 to 7 days) versus 

Antibiotics (with or Neurological 340 22% 0.6 8% Corticosteroids better
without placebo) disability (3) (0.4–1.0) Marginal significance

ATT: antituberculous treatment; DM: dexamethasone; NNT: numbers needed to treat; ns: not statistically significant; SR: systematic review.
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medical conditions will be modified in other settings, and so
policies for the following groups of patients are uncertain
and potentially harmful: those who have already received
parenteral antimicrobial therapy, those in septic shock, post-
neurosurgical meningitis, immunosuppressed patients, haem-
atological malignancy, and those on immunosuppressive
therapy.

Duration: It is unclear what the minimum duration of
steroid therapy should be. Although one study has shown a
2- and 4-day regimen of dexamethasone to be similarly effect-
ive in childhood bacterial meningitis, the 4-day regimen has
been used in most clinical trials [34].

Timing: Starting steroids before or with the first dose of
parenteral antibiotics appear more effective than starting
after the first dose of antibiotics [28,29]. Although it is 
possible that benefit may still occur, the maximum allowable
delay after parenteral antibiotics is not clear. For patients
admitted in a late stage of disease adjuvant steroids are less
protective and might even be harmful [35]. Also a large con-
trolled trial in children with bacterial meningitis that included
mainly children who began treatment late showed no bene-
ficial effect of adjunctive steroid therapy [36].

3. Herpes simplex encephalitis
Do corticosteroids reduce mortality or disability in HSE?

Herpes simplex encephalitis(HSE) is the most commonly
diagnosed cause of severe sporadic encephalitis in the Western
world with an estimated incidence of about 1 person in
250,000 to 500,000 people per year [37]. Ninety per cent of
HSE is due to herpes simplex virus-1 (HSV-1) the rest is mainly
due to HSV-2 [38]. The majority of HSV-1, encephalitis cases
result from reactivation of latent infection [39]. Untreated
the mortality is in excess of 70%, and only about 2.5% of
patients overall regain normal neurological function [37].
The prognosis is better when antiviral therapy is initiated
relatively early in the course of disease. A recent study
showed a favourable outcome in 65% of patients (55 of 85)
and complete recovery in 14% (12 of 85) [40]. Young patients
(�30 years old) also have a more favourable outcome than
older patients. Treatment initiated after consciousness is
severely impaired is unlikely to result in a good clinical out-
come [41]. Even with appropriate aciclovir therapy, only 38%
of patients had mild or no neurological impairment [42].
Persistent cognitive and memory impairment, aphasia, and
motor deficits are common sequelae. Aciclovir is the stan-
dard treatment for HSE. With aciclovir therapy (10 mg/kg
every 8h) the mortality of HSE was reduced from 70% to
28% [41,42]. Therapy with aciclovir was continued for 10
days in this study. However, because of subsequent recogni-
tion of recurrent (or relapse) HSE, there has been a trend to
extend therapy for a total of 14–21 days. The role of corti-
costeroids is much less certain. The benefit of combining 
aciclovir with methylprednisolone as opposed to aciclovir
alone has been suggested by mice models [43].

No systematic reviews or RCTs were found. A multivariate
analysis of a case series of 45 patients showed that a poor
outcome was associated with older age group, duration to
initiation of aciclovir, and no administration of corticosteroids
[44]; 22/45 patients had been given steroids. Corticosteroids
were administered at the same time as the initiation of 
aciclovir treatment. Dexamethasone was given to 82% of
patients and prednisolone to 18%. The initial dosage of cor-
ticosteroid, converted to the dosage of prednisolone, ranged
from 40 to 96 mg/day (mean 64.6 mg/day; median 64 mg/day).
The duration of corticosteroid treatment ranged from 2 days
to 6 weeks (mean 13.6 days; median 6.0 days), during which
time the corticosteroid dosage was tapered off gradually when
it had been administered for more than 7 days.

Our interpretation
There is insufficient data to support the routine use of
steroids in HSE outside of the context of a randomized com-
parison against placebo.

4. Japanese encephalitis
Do corticosteroids improve disability or mortality in adults or chil-
dren with Japanese encephalitis?

Japanese encephalitis (JE) is caused by the flavivirus JE
virus. JE has grown as a problem in the last 50 years because
of its geographical spread and increased incidence. There are
approximately 50,000 cases and 15,000 deaths annually [45].
The clinical features of JE virus infection range from a non-
specific flu-like illness to a severe and often fatal meningoen-
cephalomyelitis. JE typically presents after a few days of
febrile illness, followed by headache, vomiting, and drowsi-
ness often accompanied seizures. Extrapyramidal features
may then set in [46]. Convulsions occur frequently in JE
and are reported in up to 85% of children and 10% of adults
[47]. Multiple or prolonged seizures and status epilepticus
(especially subtle motor status epilepticus) are also associ-
ated with a poor prognosis [48]. A subgroup of JE patients
presented with a polio-like acute flaccid paralysis presenta-
tion [49]. About 30% of hospitalized patients with JE die.
Half the survivors have disabling neurological sequelae.
Improvement in medical care may improve mortality rates
but increase the number of patients with sequale [45] which
include mixture of upper and lower motor neurone weak-
ness, and cerebellar and extrapyramidal signs [50]. There is
no specific antiviral treatment for JE. Nitric oxide, ribavirin,
and interferon alpha have been effective in vitro or in ani-
mal models [51,52]. Interferon alpha has also been assessed
in a randomized placebo controlled trial in humans but it 
did not improve the outcome [53]. Nursing care and physio-
therapy are needed to reduce the risk of bedsores, malnutri-
tion, and contractures. Symptomatic management of seizures
and raised intracranial pressure are often needed.

No systematic review was identified. One RCT was identified
[54]. Sixty-five patients presenting in Thailand to four hospitals
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with a diagnosis of acute JE were randomized in a double-
masked fashion and stratified by initial mental status into a
placebo group (saline) or a treatment group (dexametha-
sone 0.6 mg/kg intravenously as a loading dose followed by
0.2 mg/kg every 6 h for 5 days). Fifty-five of the 65 had con-
firmed JE as demonstrated by detection of virus or by JE
virus-specific immunoglobulin M (IgM) antibody. The num-
ber of deaths were similar (24%, treatment group; 27%,
control group), as were other outcomes: days to alert mental
status (3.9 versus 6.2), and neurological status 3 months
after discharge (45% abnormal in each group). No statisti-
cally significant benefit of high-dose dexamethasone could
be detected.

Our interpretation
In one small RCT no obvious effect was detected, but the
trial was too small to exclude moderate effects (beneficial or
harmful) of steroids in this condition.

5. Cerebral malaria
Do corticosteroids reduce illness and death in children or adults or
children with cerebral malaria?

Malaria is the most important of the parasitic diseases of
humans affecting about 5% of the world’s population at any
time and causes between 0.5 and 2.5 million deaths each year
[55]. There are four species of human malaria, but Plasmo-
dium falciparum which causes cerebral malaria accounts for
most of the deaths and neurological complications [55,56].
Cerebral malaria is a diffuse febrile encephalopathy in which
focal neurological signs are relatively unusual. There may be
coma, signs of meningeal irritation, and seizures. Multi-system
dysfunction, with anaemia, jaundice, metabolic acidosis,

hypoglycaemia, renal failure, pulmonary acidosis, retinal
haemorrhages, and shock may occur [56,57]. Mortality of
adult cerebral malaria is about 20%. Mortality is correlated
with complications, such as acute renal failure and metabolic
acidosis. Good intensive care appears to reduce mortality
[56,58]. Drug therapy is summarized elsewhere and is based
on parenteral artemesinin derivatives where available, or
quinine [59,56].

One Cochrane Review containing two RCTs was identified
[60–62]; no additional RCTs were identified; the two trials
were in children and adults, with a total of 143 patients [60].
One was conducted in Thailand [62]. The second study was
done in Indonesia [61]. Quality of allocation concealment was
unclear in the Thai study, but both were reported as double
blind. Both arms were treated with the same antimalarial
regimen, which was IV infusion of quinine given 8 hourly.
One study used a loading dose of quinine [61]. IV dexam-
ethasone was the corticosteroid used in both studies. Steroid
treatment was given only for the first 48 h. The doses given
were different. In the Thai study, the intended total dose was
2 mg/kg, compared with 11.4 mg/kg in the Indonesia study.

Death: No difference in the number of deaths was detected
between steroid and control groups in both studies (RR 0.89;
95% CI 0.48–1.68) (Figure 16.3).

Disability: neither study followed up beyond discharge
from hospital, so effects of steroids on residual deficits at 3–6
months are unknown.

Life-threatening complications: the occurrence of compli-
cations was higher in the steroid group than in the control
(steroid group, 27/50; control group, 17/50) with a RR of 1.59
(95% CI 1.0–2.52). More specifically gastrointestinal bleeding
and seizures were significantly more in the steroid-treated
groups in both studies. In one study pneumonia occurred
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more in the intervention group (7/50 compared with 1/50)
[62]. However the authors of the systematic review accept that
interpreting data of side effects from the studies was difficult.

Our interpretation
There is insufficient evidence for the use of corticosteroids in
cerebral malaria. From the incomplete data available it seems
to do more harm than good.

6. Neurocysticercosis
Do corticosteroids improve seizures or lesion resolution in adults or
children with neurocysticercosis?

Neurocysticercosis (NCC) remains endemic in most low-
income countries, where it is one of the most common causes
of acquired epilepsy [63]. WHO has calculated that over
50,000 deaths are due to NCC each year, and many times this
number of people have active epilepsy [64]. A seroprevalence
of 8–12% of the population in some regions of Latin America
indicates systemic contact with the parasite at some time [65].
Human NCC is caused by ingestion of eggs of the tapeworm
Taenia solium, excreted in the faeces of an individual carrying
the parasite. NCC can be categorized broadly into parenchy-
mal (inside brain substance) or extraparenchymal (outside
the brain substance, e.g. in the subarachnoid space). These
two groups differ in modes of presentation and treatment
[66]. Seizures occur in up to 70% of patients [67]. Patients
may also present with intracranial hypertension due to hydro-
cephalus, related to arachnoiditis, granular ependymitis, ven-
tricular cysts, or cysticercotic encephalitis [68]. The treatment
of NCC should be individualized based on the location, stage,
number and size of the lesions [66,69].

Therapy when needed is with antiepileptic, antiparasitic
drugs, steroids, and neurosurgical interventions and is sum-
marized elsewhere [66,69]. The roles of antiparasitic drugs
and steroids are controversial. A Cochrane Systematic Review
(2000) that aimed to assess the effect of drug treatment con-
cluded that there was insufficient evidence to assess whether
treatment with antihelmintic drugs is associated with bene-
ficial results in NCC [70]. Several randomized trials have
since been published that suggest benefit from antiparasitic
treatment in parenchymal NCC and has been summarized
recently [66]. Steroids are commonly administered in NCC
on the premise that they reduce inflammation and oedema
around dying cysts (either spontaneously or with treatment)
and are also recommended for treatment of large subarach-
noid cysts, arachnoiditis, angitis, ependymiitis, and cysticer-
cotic encephalitis [66,67,71]. However, the dose, duration,
forms, mode, and, most importantly, timing of administra-
tion of corticosteroids are not clear.

Extraparenchymal neurocystercosis: We found no trials
that looked specifically at the effect of steroids on extra-
parenchymal NCC.

Parenchymal neurocystercosis: Several trials examined
albendazole in combination with steroids compared with
placebo [72–74] but only two trials randomized patients to
receive or not receive steroids [73,75].

One open-label trial by Mall et al. randomized 97 patients
with new-onset seizures and a single enhancing computed
tomography (CT) detected lesion of cysticercosis into two
groups: one to receive antiepileptic monotherapy alone
(n � 48); and the second to receive antiepileptic monother-
apy with prednisolone (n � 49). No antiparasitic drugs were
given; 50% of those enrolled were less than 20 years old.
The patients in the steroid group received prednisolone,
1 mg/kg/day for 10 days, followed by tapering over next 4
days. The patients were followed up for 6 months. Repeated
CT scans were performed after 1 and 6 months. Simple par-
tial seizure, with or without secondary generalization, was
the commonest seizure type encountered. For incidence of
seizures up to 6 months, results given in the article are pre-
sented ostensibly as a Kaplan–Meier curve, but do not report
cumulative incidence, and is therefore difficult to interpret.
Follow-up CT scans at 1 and 6 months demonstrated better
resolution of CT lesion in the steroid group.

In a second trial in 133 children [73] with focal seizures of
recent onset (�3 months) and single small enhancing CT
lesions were randomly assigned to receive corticosteroids,
albendazole, or both corticosteroids and albendazole for 28
days. CT was done at 3 and 6 months after enrolment in the
study. Of the 133 patients enrolled, 23 were lost to follow
up. We consider the comparison between albendazole and
albendazole plus corticosteroids. At 3 months follow-up dis-
appearance of the lesion on CT scan was noted in 60% in
albendazole alone compared with 63% in albendazole plus
steroid (P � 0.1). At 6 months there again was little change
(76% compared with 74% (P � 0.1)). Differences in seizure
recurrence were not significant.

Our interpretation
If clinicians decide to treat neurocystercosis, they are likely
to give an antiparasitic drug and then the question is
whether steroids provide additional benefit. Thus the clin-
ical relevance of the first trial, treating only with steroids, is
unclear. The second trial does not show an effect of steroids,
but was small, so it is not possible to exclude a beneficial or
harmful effect. These studies have dealt with parenchymal
disease with single CT enhancing lesions. Future random-
ized trials with antiparasitic treatment given to all patients
who are then randomized to steroids or placebo will be
needed.

Summary

Over the last 10 years the role of corticosteroids in neuro-
logical infection has become clearer beneficial in tubercular
meningitis, acute bacterial meningitis, and harmful in cerebral
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malaria. But it is still early days for its role in neurocysticer-
cosis, Japanese encephalitis and herpes simplex encephalitis.
Future randomized and blinded trials with antimicrobial
treatment given to all patients who are then randomized to
steroids or placebo will provide clinically relevant results.
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Background

Brain tumours are a common consideration in the differen-
tial diagnosis of many neurological conditions. Their presence
often results in a relentless progression of symptoms and dis-
ability, often in a young person. They are the most common
solid malignancy of childhood, the fourth most common in
the under 45 age group, and the eighth most common in the
under 65 age group [1]. Overall, brain tumours are the second
most common cause of death from neurological disease,
after stroke.

Brain tumours can be either primary or secondary. Primary
brain tumours are uncommon, and have an incidence of less
than 10 per 100,000/year [1]. Gliomas account for the majority
of primary brain tumours. Prognosis is determined by clinical
and histological criteria. Histological classification and grading
are crucial to the understanding of brain tumours and their
management, and most commonly follows the World Health
Organisation classification [2]. High-grade gliomas (HGG)
account for approximately 80% of gliomas and include most
commonly glioblastoma multiforme (GBM), anaplastic astro-
cytoma and anaplastic oligodendrocytoma. They have a poor
survival of less than 20% at 5 years, with death usually result-
ing from expansion of the mass lesion or invasion into vital
structures. Low-grade gliomas (LGG) account for approxi-
mately 20% of gliomas, and most commonly include astro-
cytomas, oligodendrocytomas and oligoastrocytomas. Their
natural history is to follow a generally more benign course,
with between 50% and 80% of patients alive at 5 years. They
infiltrate the brain, and usually transform to a higher grade
with death resulting from locally aggressive disease [3].

Pre-therapeutic prognostic factors for gliomas are the most
important determinants of survival. For HGG, data from
three randomized controlled trials (RCTs) identified age over
50 years, GBM on histology, poor performance status (Table
17.1) or abnormal mental status at diagnosis as poor prog-
nostic factors [4]. For LGG two RCTs identified age over 40
years, astrocytoma histology, the presence of clinical neuro-
logical deficits, tumour size over 6 cm and tumour crossing
the midline (both from computed tomography (CT) scanning)
as poor prognostic factors [5]. A subgroup of those patients
with LGG who present solely with epilepsy enjoy a much 
better prognosis [6].

Brain metastases are considerably more common than
primary brain tumours. Up to 30% of those with systemic
cancer will develop brain metastasis [7]. Brain metastases
can present either with a confirmed primary tumour, or as
the first presentation of disease. The most common primary
sites are the lung (50%) and breast (25%), with other pri-
mary sites including kidney and melanoma. Previously up to
50% were thought to be single, but with the advent of mod-
ern imaging they are now found to be multiple in around
three-quarters of patients [8].

Prognostic factors for brain metastasis include age, perform-
ance score, the number of brain metastasis, the site of the pri-
mary tumour and the activity of any extracranial disease.
These variables can be used to stratify patients into prognostic
groups, with the best group having a median survival of 13.5
months, and the worst only 2.3 months [9,10].

Patients are usually referred to general physicians or
neurologists first. The most common symptom at hospital refer-
ral is headache (46.5%) [11]. Further symptoms were present
in 86%, and include a mixture of focal signs (hemiparesis,
hemisensory symptoms, dysphasia or diplopia) and non-
focal symptoms (confusion/memory problems, personality
change, visual changes or unsteadiness). Overall, seizures were
present in 26.5% of patients, but are much more common in
LGG (between 60% and 80% prevalence), where they may
also be the sole complaint.
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Table 17.1 KPS score (adapted from Karnofsky D, et al. Cancer 1948;
1: 634–56).

Score Description

100 Normal: no complaints; no evidence of disease
90 Able to carry on normal activity; minor symptoms
80 Normal activity with effort; some symptoms
70 Cares for self; unable to carry on normal activities
60 Requires occasional assistance; cares for most needs
50 Requires considerable assistance and frequent care
40 Disabled: requires special care and assistance
30 Severely disabled: hospitalized but death not imminent
20 Very sick: active supportive care needed
10 Moribund: fatal processes are progressing rapidly
0 Dead
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Following the presumptive diagnosis of a brain tumour,
management decisions follow an orderly pattern, including
the use of:
• Steroids: to reduce peri-tumoural oedema and improve
symptoms.
• Surgery: The first decision is whether surgery should be
performed or not, and if the decision is to operate, the second
decision is whether diagnostic biopsy or resection should be
performed.
• Radiotherapy: either as an adjunct to resection or as primary
therapy after biopsy.
• Chemotherapy: either during primary therapy, either con-
comitantly or adjuvantly or for recurrence.
The majority of tumours are not curable, and management is
geared towards symptomatic relief and increasing survival.
With a multitude of treatment options available and almost
universally poor results, careful attention to evidence-based
practice will result in an optimum balance of symptom relief
while avoiding side effects and intensive treatment regimes
that may impinge on a vastly shortened life.

An evidence-based medicine approach to management of
brain tumours is aided by clear guidelines for grading and
interpreting evidence [12]. Phase II studies should simply
be considered a step on the way to a well-conducted RCT.
With regard to brain tumours, specific questions include
whether prognostic stratification was used during random-
ization: poor prognosis patients do badly regardless of treat-
ment, while it should be no surprise that well-selected good
prognosis patients do substantially better, often regardless
of treatment. Attention should be paid to the degree of miss-
ing data and drop-outs. Outcome measures should pay atten-
tion to quality of life outcomes as well as survival. For
interpretation to clinical practice, care should be taken in
considering how highly selected were the participants, and
to what degree they reflect normal clinical practice. Finally,
the practicality of the therapeutic approach is also import-
ant. Attention to these methodological principles should allow
proper interpretation of trials and useful therapeutic appli-
cation of results.

Formulation of clinical questions

In the management of brain tumours, the application of 
evidence-based practice required the formulation of specific
questions ideally where there is an area of controversy in the
management. Literature searching was done using a wide
variety of search headings and Boolean operator characteris-
tics. Specific questions were formulated to include the patient,
intervention, comparison and outcome:
1 In patients with a clinically suspected brain tumour, what
is the best method for diagnosis? [Diagnostic test] Specific
outcomes include will sensitivity, specificity, false positives
and negatives, predictive value. Trials will be prospective
series only.

2 For patients with presumed HGG, should surgery be either
biopsy or resection? [Therapy] Lesions will not have been
confirmed histologically prior to intervention. Any form of
resection or biopsy will be valid. Specific outcomes include
survival, symptom relief, quality of life and procedure-related
complications. Trials considered will be meta-analyses, RCTs
or prospective cohort studies only.
3 In patients with primary or secondary brain tumours, what is
the evidence that corticosteroids are more effect than placebo?
[Therapy] All lesions must be histologically proven. Inter-
ventions are any corticosteroid via any route of administration.
Outcomes include survival, quality of life, symptoms and side
effects. Trials again will include meta-analyses or RCTs only.
4 For patients with HGG, is radiotherapy an effective treat-
ment, and what should be given? [Therapy] Patients have
histologically proven disease. Interventions include radio-
therapy of any kind including stereotactic radiosurgery (SRS)
and focal techniques. Outcomes include survival, quality of
life, symptoms and side effects. Trials again will include meta-
analyses or RCTs only.
5 For those with HGG, is chemotherapy an effective treat-
ment? [Therapy] Patients are histologically proven HGG.
Interventions include chemotherapy of any nature, includ-
ing focal techniques. Outcomes include survival, quality of
life, symptoms and side effects. Trials again will include meta-
analyses or RCTs only.
6 For patients with brain metastasis, what is the optimum
regime of therapy, when considering surgery, focal radiother-
apy or whose brain radiotherapy (WBRT)? [Therapy] Patients
include those with histologically proven or clinically sus-
pected metastasis. Intervention: surgery or radiotherapy
(either focal of any kind or WBRT). Outcomes include sur-
vival, quality of life, symptoms and side effects. Trials again will
include meta-analyses or RCTs only.

Search strategy

A number of different search engines were used to allow the
widest range of possible trials to be included, including abstracts
and foreign language publications. These databases included
Medline, PubMed, Embase, CancerLit, Web of Science and the
Cochrane Library.

Search strategies were further specified depending on
whether the data sought related to diagnosis (sensitivity,
specificity, predictive value) or therapy (randomized, con-
trolled, placebo, blinded).

Critical review of the evidence for each
question

1. Diagnosis
What is the best approach to diagnosis of brain tumours?

Diagnosis of a brain tumour will usually be from radiological
imaging in the first instance, which may then be followed
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up by histological confirmation. The accuracy and limitations
of radiology in comparison to histology need to be realized
in order to determine the best approach to diagnosis for each
individual patient. Radiology has the main advantage of being
non-invasive, however further specific information from his-
tology may significantly alter treatment and prognosis.

Imaging of a presumed intracranial tumour usually includes
CT scanning initially, followed by magnetic resonance imaging
(MRI), both with contrast. Neuroradiologists will correctly
predict an intracerebral tumour in about 90–95% of cases
using CT and MRI [13]. The differential diagnosis of non-
contrast enhancing lesions includes demyelination, encephal-
itis, infarction, vasculitis, post-traumatic and non-specific
inflammatory changes. The differential diagnosis in patients
with contrast enhancing lesions include demyelination, arte-
rio-venous malformation, haemorrhagic stroke and cerebral
abscess. For multiple lesions, the differential diagnosis
includes metastases, glioblastoma, primary central nervous
system lymphoma or toxoplasmosis.

Radiology may predict tumour grade accurately in up to
74% [14], and algorithms based on contrast enhancement,
space occupation, cyst formation, necrosis and oedema to help
in predicting the grade of malignancy. Low grade tumours
such as astrocytomas and oligodendrogliomas are com-
monly homogeneous and may be cystic or show areas of cal-
cification and usually do not enhance, whereas high grade
tumours such as anaplastic astrocytoma and GBM are gener-
ally heterogeneous with cysts or necrosis, commonly demon-
strate shift of midline structures with significant oedema and
contrast enhancement. In one study, 45% of patients who
were suspected of having an astrocytoma had on imaging
actually an anaplastic astrocytoma and 5% had a non-malig-
nant histology following biopsy [13]. Grade I astrocytomas;
pilocytic astrocytomas, subependymal giant cell astrocytoma
and desmoplastic neuro-epithelial tumours can show contrast
enhancement and may be misdiagnosed as malignant glioma
or metastases. Interpretation of magnetic resonance spec-
troscopy may fair slightly better but still does not reach the
level of diagnostic accuracy as histology [14,15].

Radiological interpretation of suspected tumour type and
grade is only moderately reliable. Around 10% of patients will
have had a previous image that has been reported as either
normal or an alternative pathology (including vascular, abscess
or demyelination) [16], with approximately one-third of these
false negative scans done without contrast. While this may
partly explain the findings, CT scanning without contrast is
standard practice for an acute neurological deficit (e.g. tran-
sient ischaemic attack, stroke), and up to 30% of anaplastic
astrocytomas will not show contrast enhancement [17]. In one
study of single brain metastasis, 11% of patients with known
systemic malignancy with a solitary brain lesion thought on
imaging to be a metastasis turned out to have a different
pathology (primary brain tumour or inflammatory tissue) [18].
However, in this study diagnosis involved only CT imaging and

the true incidence of misdiagnosis in current clinical practice
with contrast enhanced MRI is likely to be lower. The main
areas of difficulty are where tumours have an exophytic
extension with involvement of the meninges, intense con-
trast enhancement or sometimes calcification of meningeal/
vascular origin (e.g. meningioma/haemangiopericytoma) or of
glial origin (e.g. glioblastoma or oligodendroglioma). In these
cases it may be very difficult to say whether the tumour is
extracerebral and invading the brain or intrinsic and becom-
ing exophytic. In some cases who present with a stroke-like
onset, it may not be evident that the haemorrhage has
occurred into an existing mass lesion. The common tumours
to present with intratumoural haemorrhage are glioblastoma,
metastatic lung cancer, melanoma and choriocarcinoma.

Histology can provide further advantages over imaging.
This includes accurate grading and typing of the tumour, and
more accurate survival information. Histology also allows
genotyping, which may improve accuracy of histological
classification (e.g. oligodendroglioma versus astrocytoma),
prognostication and management. The diagnosis on histology
of certain types of brain tumours, such as germ cell tumours or
lymphoma, can lead to specific treatment regimes which may
be curative, such as chemotherapy or radiotherapy. In cases
where treatment is highly successful requirements for placebo
controlled trials are often not appropriate, although RCTs of
different modalities of effective therapy may be justified.

Although pathology is the gold standard for diagnosis, there
are inter-observer variations in the interpretation of the histol-
ogy, and surgery can have substantial morbidity and mortality
depending on the site of the tumour. Results have to be visu-
ally scored or graded and there is inter-observer variation either
due to technical or interpretative factors. Concordance rates
between experienced neuro-pathologists have been found to
be between 81% and 90% [19,20] when histological typing
and grading of neuro-epithelial tumours is concerned, and
higher when diagnosing other types of brain tumours such as
metastasis.

In summary, radiology (especially MRI) is highly accurate in
diagnosing a mass or infiltrating lesion as being a tumour. It is
less good at defining the nature of the tumour. All patients
with adult onset partial epilepsy should have an MRI scan [24].
Histology provides improved accuracy, identification of rare
entities requiring specific therapy, as well as further prognostic
information and molecular data that can predict response to
therapy. Hence surgery should usually be performed. How-
ever, radiology is non-invasive, and in poor prognosis patients
with severe co-morbidity in which treatment options are lim-
ited, this level of accuracy may be considered sufficient.

2. Surgery
Biopsy or resection for HGG?

If it is decided that histology should be pursued, this will
involve either sampling through biopsy, or an attempted
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complete resection of the lesion. In determining the procedure
of choice, the potential benefits of resection over biopsy need
to be assessed in light of the increased risks of the more inva-
sive resection approach. Hypothesized benefits of resection
include improved histological accuracy, improved survival,
symptomatic relief and the application of adjuvant therapies.
The diffuse infiltrative nature of gliomas decree that resection
is rarely complete, and recurrence inevitable; resection there-
fore is rarely curative. Selection of patients according to prog-
nostic factors may identify groups with median survival
ranging from under 5 months to almost 5 years [4].

Previous data from non-randomized retrospective series was
used as evidence for the effectiveness of surgery in improv-
ing survival. However, these trials are uncontrolled and con-
founded by selection bias due to their non-randomized nature:
they cannot be used to justify the use of surgery over biopsy.
A recent Cochrane Review was completed on biopsy versus
resection for HGG and found one RCT in the area [21]. In
this trial a total of 30 elderly patients were randomized, but
due to errors in diagnosis and missing data only 18 patients
were assessable. This trial was grossly under-powered to reli-
ably prove an effect, and errors in trial design mean that any
conclusions are impossible to apply to clinical practice.

Only prospective analysis with a clear protocol for defin-
ing and identifying deficits are valid; you only find what you
look for! Analysis from retrospective series is fraught with the
hazard of interpreting inadequate recording of results, creat-
ing variable definitions of conditions and incomplete data.
Due to the aggressive nature of these tumours, many patients
will develop new deficits without treatment, and this rate of
progression must be controlled for in trials.

Symptomatic relief is a common anecdotal benefit. Only
two prospective trials have collected data on symptoms before
and after resection. They report that 32% had an improve-
ment in their symptoms, 58–76% were not different, and
9–26% had a worsening [22,23]. Often however such deficits
from surgery are temporary. Nevertheless, while neurosurgery
can improve some symptoms, it can also create new 
ones. New operative adjuncts such as functional MRI, intra-
operative MRI and intra-operative awake brain mapping are
identifying eloquent areas that can be subsequently avoided
at operation [24]. None of these techniques have been eval-
uated in a proper RCT.

Neurological complications following surgery include focal
haematoma, abscess and seizures; systemic complications
include pneumonia and thromboembolic disease. Morbidity
rates range from 11% to 32%, with a mortality rate of 0–20%
[22,23].

Biopsy aims to deliver the benefits of tissue diagnosis and
allows specific therapies when needed, without the compli-
cations associated with more invasive resection. No attempt
is made at symptomatic improvement with biopsy. The accur-
acy of stereotactic biopsy has been confirmed in two prospect-
ive series, which have found it provides a diagnosis in 98.5%
of patients. However, small samples of tissue risk sampling

error due to the heterogenous nature of many brain tumours,
containing foci of higher and lower grades. The accuracy of
samples from stereotactic biopsy has been analysed in a
series of 21 patients who later had open resection. Stereotactic
biopsy agreed with the diagnosis in 74% of patients, and
correctly guided therapy in 91% [25]. Larger tumours increase
this risk of sampling error, which may be reduced by mul-
tiple biopsies. Resection provides a larger tissue sample and
will allow more complete analysis of the tumour type. The
consequences of this are possibly that resection may grade
tumours higher than biopsy due to less sampling error. Patients
with under-graded tumours may have their treatment
deferred which could lead to a poorer outcome. This discrep-
ancy in histological diagnosis between the two techniques
can also lead to a confounding variable when assessing sur-
vival in any RCT comparing surgery with biopsy for HGG.

Morbidity and mortality are lower with stereotactic biopsy
than with resection at craniotomy. The single prospective
RCT of biopsy versus resection, although not aimed at assess-
ing morbidity and mortality rates, found no side effects in
the 16 patients having biopsy, compared to one post-operative
haematoma in the 14 patients undergoing complete resection
at craniotomy [26]. A retrospective comparison of 7471
biopsies found a morbidity rate of 3.5% and mortality rate
of 0.7% [27].

In practice, biopsy may be the only option for certain deep-
seated tumours (thalamic, callosal, brainstem), while small
superficially placed frontal tumours can be resected com-
pletely with little difficulty. Due to the associated risks of
resection, biopsy is currently preferred for those with poor
performance status (Karnofsky performance status (KPS)
�70), elderly (�60 years), lesions in an eloquent area and
diffuse lesions (multi-lobe or multi-focal). In other selected
groups of patients the risks of resection may be lower, and
there may be a greater likelihood for benefits from surgery.
Complete resection is more commonly performed in patients
with peripherally situated ‘lobar’ tumours (frontal), good
performance status (KPS � 70), younger (age � 60 years),
focal lesions (�3 cm in size).

In summary, histological diagnosis is essential for the man-
agement of a suspected brain tumour. There is no good evi-
dence from randomized trials that resection offers any survival
advantage over stereotactic biopsy [21]. There is little evi-
dence from prospective trials that resection improves symp-
toms over that from medical therapy alone (i.e. corticosteroids).
While surgery can relieve many symptoms, it can be associ-
ated with local or systemic complications. Stereotactic biopsy
has a lower risk of focal complications than resection and is
an effective tool for histology. However, this procedure is not
risk free, and may result in inadequate sampling. The poten-
tial benefits and risks of each procedure, which are often not
evidence based, need to be considered in determining the
most appropriate treatment for an individual. This is best
done in the contact of a multi-disciplinary team meeting,
where the history, examination, radiology and management
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plan can be discussed by the complete neuro-oncology team
(ref: Nice http://www.nice.org.uk/page.aspx?0=282226).
Future trials in this area need to be larger and randomized,
with greater attention to symptom profile and quality of life
in their outcome analysis.

3. Steroids
Are steroids an effective treatment, and if so how much and for how
long?

Most brain tumours are associated with significant sur-
rounding oedema, which is believed to be of vasogenic ori-
gin. This is particularly common with HGG and metastasis.
This oedema can cause symptoms and have a mass effect with
increasing intracranial pressure.

Corticosteroids have a well-documented role in providing
control of oedema and symptomatic improvement [28,29],
with dexamethasone the preferred option. Although there is
a shortage of RCTs for the use of corticosteroids, clinical expe-
rience and data from retrospective studies have meant that
their role in brain tumours has been established beyond rea-
sonable doubt: it would not be ethically acceptable to ran-
domize symptomatic patients to no steroid treatment in light
of the known benefits. In particular, numerous observational
studies noted an increase in the average survival for those
with brain tumours at the same time as corticosteroids were
being introduced in the 1960s. However, side effects are com-
mon and a balance needs to be reached with the dose and
duration of treatment.

A single RCT found that a dose of 4-mg dexamethasone
did not produce statistically significant difference in effect
when compared to 8- or 16-mg dexamethasone. The mean
improvement in KPS with the 4-mg dose was 6.7 points (SD
11.3), which was present by day 7 and maintained until at
least 28 days, when the steroids were tapered off. Up to 50%
of patients will show an improvement of 10 points and 17%
had an improvement of over 20 points. The baseline KPS for
patients entered ranged from 30 to 80.

A dose of 4-mg dexamethasone also had significantly lower
rates of proximal myopathy (14% versus 38%) and cushin-
goid facies (32% versus 69%) than 8 or 16 mg. The prevalence
of specific side effects at day 28 with 4-mg dexamethasone
were gastric upset 18%, mental changes 14%, infection 9%
and hypertension 45%. However, these were not statistically
different from day 0, but as only 20 patients were in the 4-mg
arm this may be due to a lack of statistical power. Cortico-
steroids are not commonly given to those without deficits.
Deficits that remain following steroid treatment have been
suggested to be less likely to improve following surgery,
although this has not been convincingly shown in studies.
Corticosteroids, enzyme inducing anticonvulsants and
chemotherapy agents can affect liver enzyme function and
adversely affect the blood levels of each other.

In summary, corticosteroids are an established treatment
for symptomatic relief from brain oedema. However, there is

a lack of RCTs to prove their effectiveness. Side effects are
common and can be significant. Care needs to be taken when
withdrawing steroids and in combining them with anticon-
vulsants or chemotherapy agents. Evidence suggests that a low
dose of 4-mg dexamethasone orally for 28 days is as effective
as an 8- or 16-mg high-dose regimen in producing symptom-
atic improvement and also results in fewer side effects.

4. Radiation therapy
Is radiation therapy effective for gliomas and what is the optimum
type, dose and schedule?

The overall goal of radiotherapy is to provide adequate radia-
tion to the tumour with minimal damage to the surrounding
brain. There is good evidence from two RCTs that radiother-
apy improves survival. In the first trial, 303 patients were ran-
domized to receive chemotherapy plus or minus radiotherapy
[30]. Those undergoing radiotherapy had a statistically signifi-
cant survival advantage of 9–10 months compared with 3–4
months with best standard care. A second trial randomized
467 patients and compared chemotherapy, radiotherapy, both
or neither following resection [31]. Again a similar survival
advantage of around 6 months was found with radiotherapy
when compared to best standard care. Subgroup analysis
found these effects to be robust throughout prognostic factors.
These trials only included patients less than 70 years old, and
the application of radiotherapy to those over this age has
remained controversial. A recent RCT, presented in abstract
form, randomized those over 65 years old with HGG to radio-
therapy or best medical care as primary therapy, and found a
survival advantage of 2 months with radiotherapy [32].

The dose and schedule characteristics of radiotherapy have
also been assessed in RCTs. An RCT comparing whole brain
radiotherapy with a coned down boost to the tumour site did
not demonstrate a difference in survival over focal radiother-
apy [33]. A focal boost of 10 Gy did not confer benefit in fur-
ther RCT [34]. With the knowledge that the majority of
recurrences (80%) occur within 2 cm of the margin of the orig-
inal lesion [35], radiotherapy focused to the enhancing tumour
and a 2–3-cm margin is now the norm to prevent damage to
surrounding normal brain. The dose of radiotherapy to be
given has been examined in RCTs too. In 474 randomized
patients who received surgery, a radiotherapy schedule of
60 Gy in 30 fractions over 6 weeks resulted in a median sur-
vival advantage of 3 months (from 9 to 12 months, hazard
ratio 0.75) compared with 45 Gy in 20 fractions over 4 weeks
without a difference in short-term morbidity; long-term mor-
bidity was not assessed [36]. Variations of dosing schedules
have been advocated to increase responsiveness of gliomas to
radiotherapy. Hyperfractionation involves multiple small frac-
tions per day for a higher overall dose without increased toxic-
ity, and acceleration involves multiple treatments per day with
the same overall dose but reducing overall treatment time.
Neither has been robustly shown to improve results, with only
one RCT for hyperfractionation. This did not demonstrate any
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increase in effect from acceleration [37], but the accelerated
regime did not show any increase in toxicity and allows treat-
ment to be completed faster [37].

The demonstration that gliomas do respond to radiother-
apy led to the development of numerous focal techniques
and adjunctive therapies to deliver higher doses to the tumour
whilst preserving healthy brain, the tolerance of which is

often the limiting factor in treatment. Focal therapies
include interstitial brachytherapy [38], neutron therapy
[39] and particle (pion) [40] therapy, none of which have
found a significant survival advantage. There are no RCTs
for Stereotactic Radiosurgery (SRS) in HGG.

Hypoxia within the tumour is believed to limit the efficacy
of radiotherapy. Hypoxic radiosensitisers aim to overcome this
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Table 17.2 Comparison of RCTs on radiotherapy for high grade gliomas.

Reference Intervention No. of patients Patients Median survival Comment
Histology characteristics time

Walker et al. [30] Best conventional 303 Post-operative BCC 17 weeks RT doubles median 
care (BCC) Malignant glioma �65 years BCNU 25 weeks survival

versus BCNU (Grades III and IV) RT alone 37 weeks 2-year survival RT 
versus RT 50–60 Gy BCNU � RT 40 weeks alone 1%
in 30 fractions

versus BCNU � RT

Walker et al. [31] RT 467 Post-operative RT 9 months RT more effective than 
versus MeCCNU Malignant glioma �65 years RT � BCNU 12.3 chemotherapy
versus MeCCNU � RT (Grades III and IV) months 2-year survival RT 14.1%
versus BCNU RT � MeCCNU
versus BCNU � RT 10.8 months
60 Gy in 30 fractions

Sandberg-Wollheim PCV alone 171 Post-operative PCV 42 weeks RT more effective than 
et al. [65] versus PCV � RT Malignant glioma PCV � RT 62 weeks chemotherapy

58 Gy in 27 fractions (Grades III and IV)

Keime-Guibert BCC 84 Post-operative BCC 17.8 weeks Abstract only RT effective
et al. 2005 [32] versus RT 50 Gy Malignant glioma �65 years RT 28.8 weeks even in the elderly

in 28 fractions (Grades III and IV) Hazard ratio
0.49; P � 0.001

Shapiro et al. [66] RT 60 Gy 571 Post-operative No significant difference Limit high RT dose to 
versus RT � focal Malignant glioma in survival normal brain. Use focal RT
boost (Grades III and IV) rather than WBRT
(43 � 17 Gy)

Multiple chemotherapy
arms

Bleehen RT dose 45 Gy 474 Post-operative 45 Gy 9 months versus 2-year survival 28%
et al. [36] (over 4 week) Malignant glioma No chemotherapy 60 Gy 12 months 60 Gy is now standard

versus 60 Gy (Grades III and IV) Hazard ratio
(over 6 weeks) 0.75; P � 0.007

Chang et al. [34] Focal boost; 60 Gy 626 Post-operative No significant difference 60 Gy is now standard
WBRT � 10 Gy boost in survival
to tumour

Multiple chemotherapy
arms too

Brada et al. [37] RT (60 Gy) � BCNU 712 Post-operative No significant difference 60 Gy is now standard
RTOG 9006 versus hyperfractionated Malignant glioma in survival

RT (72 Gy) � BCNU (mainly Grade III)

RT: radiotherapy; BCC: best conventional care; BCNU: bischloroethylnitrosourea; RT: radiotherapy; CCNU: chloroethylcyclohexylnitrosourea
Vincristine; WBRT: whole brain radiotherapy.
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difficulty, and although individual RCTs have not demon-
strated a benefit, a meta-analysis has demonstrated a 5% better
survival for the hypoxic radiosensitiser misonidazole [41].
Hyperbaric oxygen given at time of radiation administration
has a similar aim at reducing the resistant effects of hypoxia.
A single small pilot RCT did not show a clear effect but was
statistically under-powered [42].

Patients with LGG frequently present with epilepsy only
and have a good prognosis, and with long-term survival come
risks of late radiation toxicity. Therefore radiotherapy sched-
ules are given in a lower total dose (e.g. 54 Gy over 6 weeks)
than for HGG. The main question is whether radiotherapy
should be given early or later. A single RCT randomized
patients to early radiotherapy at surgical diagnosis or at the
time of radiological or clinical progression [43]. Early radio-
therapy did not improve survival but did lead to a slightly
delayed time to progression. The late effects of radiotherapy
were not studied. The long-term efficacy study of this trial
confirmed that early radiation therapy lengthened the period
without progression (5.3 versus 3.4 years), but did not affect
median survival (7.4 versus 7.2 years) [49]. Since quality of
life was not measured it is not known whether time to pro-
gression reflects clinical deterioration. The late effects of
radiotherapy were not measured. The issue of early or late
radiotherapy remains controversial, but radiotherapy can be
deferred for patients with LGG who are in a good condition,
provided that they are carefully followed up.

In summary, radiotherapy is an effective primary therapy
for HGG (Table 17.2). There is good evidence for a clinically
significant improvement in survival, and the specifics of
radiotherapy schedules and doses have also been tested. The
best evidence in HGG is for a dose of 60 Gy in 30 daily frac-
tions to a localized volume. Side effects from radiotherapy
include local scalp irritation, hair loss, somnolence and
fatigue in the short term. Late side effects include radiation
leuco-encephalopathy (comprising of dementia, inconti-
nence and gait disturbance), although survival is seldom so
long in HGG that this becomes an issue. Its effectiveness,
ease of administration and acceptable short-term side effects
profile make it a standard treatment for most with HGG,
however the risk of late damage makes the early use of
radiotherapy in LGG less certain.

5. Chemotherapy
Does chemotherapy confer an advantage in HGG when used as pri-
mary adjunctive therapy?

The role of chemotherapy in gliomas can be either as part of
primary treatment or for palliation after relapse, by which
point the maximum tolerable dose of radiotherapy will have
already been given. When deciding on the use of chemother-
apy, the likelihood of response, choice of agent and route of
administration need to be considered. While gliomas can show
some clinical and radiological response to chemotherapy,

the role of chemotherapy in the adjuvant setting is not
agreed upon.

Selection of chemotherapeutic agents has focused on those
that are lipid soluble and can cross the blood brain barrier.
Nitrosoureas are the most favoured agent for these reasons,
although the alkylating agent temozolomide also reaches high
concentrations in the brain. More recently, locally adminis-
tered chemotherapy to the resection bed has become avail-
able to bypass these problems. There is no consistent evidence
that polytherapy has any advantage over monotherapy.
Procarbazine, chloroethylcyclohexylnitrosourea (CCNU) and
vincristine together (PCV) is preferred in many European and
North American centres although intravenous bischloroethyl-
nitrosourea (BCNU) (Carmustine) is preferred in others.
Recently these agents have been challenged by oral temo-
zolomide concomitantly or adjuvantly either with radiation
therapy.

Chemotherapy causes a partial response (reduction in
tumour size by 50%) in 30% of patients with malignant
glioma. Certain factors are indicative of a greater response to
chemotherapy. Patients aged less than 40 years old are more
likely to respond to chemotherapy (40%) than those 40–60
years (17%) or over 60 years (�5%) [44]. Histology can also
predict response. Patients with Grade III tumours are more
likely to respond than patients with Grade IV (GBM). Patients
with oligodendrogliomas are more likely to respond to
chemotherapy than patients with astrocytic tumours. Oligo-
dendrogliomas, either low or high grade, with a deletion of
chromosome 1p19q are more likely to respond [45,46]. In
GBM, methylation at the promoter site of O6 methylguanine
methyltransferase (MGMT) that inactivates a DNA repair
enzyme is associated with a greater likelihood of response to
chemotherapy with the alkylating agent temozolomide [47].

A Cochrane Review has been conducted on the use of
chemotherapy for adult HGG [48]. A meta-analysis used indi-
vidual patient data to allow a complete and robust analysis.
Data was available from 12 published and 1 unpublished
trial out of the 24 RCTs identified from literature searching.
All patients received surgery and radiotherapy first. Radio-
therapy schedules of included trials varied between doses of
40–60 Gy, and volumes ranged from local including tumour
and a surrounding margin to whole brain therapy. Chemo-
therapy included a nitrosourea in all cases, either alone or in
combination.

The results found that although only one individual trial
reached statistical significance, when trials were combined
there was a significant increase in survival. The benefit was
an increase in median survival from 10 to 12 months for
chemotherapy, with an increase in 1-year survival from
40% to 46% and 2-year survival from 10% to 15%. The
hazard ratio was 0.85 (95% confidence intervals (CI)
0.78–0.92), equating to a 15% risk reduction of death for
each patient randomized. This improvement occurred after
the first 6 months of survival. There was a 17% reduction in
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progression free survival also. Subgroup analysis confirmed
that this effect held true when stratified for primary tumour,
prognostic factors or radiotherapy regime, indicating that the
improvement in survival was unlikely to be due to patient
stratification or inadequate radiotherapy. However there were
very few patients aged greater than 70 years enrolled in the
studies and re-analysis of cases older than 70 years showed a
non-significant deleterious effect of chemotherapy (personal
communication with L. Stewart).

The increased statistical power of meta-analysis and robust-
ness of individual patient data analysis mean that this review
provides the most authoritative evidence for the effect of
chemotherapy in HGG. Two previous reviews for chemother-
apy in HGG were flawed in their selection of trials, and did
not have the advantages of individual patient data analysis
[49,50].

Two recent studies have confirmed the findings of this meta-
analysis. The first has shown that BCNU impregnated wafers
(Gliadel) inserted at the time of initial resective surgery
improves survival by 2 months [51]. However, only approxi-
mately 20% of patients will be eligible for this based on study
entry criteria [52]. An RCT of concomitant and adjuvant
temozolomide in addition to standard radiation therapy ver-
sus standard radiation therapy in patients with glioblastoma
has demonstrated a 2.5-month survival benefit and significant
difference in 2-year survivors favouring temozolomide (26.5%
versus 10.4%) [53]. There is an ongoing trial comparing
temozolomide versus PCV in malignant glioma.

In summary, there is now clear evidence that chemotherapy
can improve survival in those with HGG (Table 17.3). Debates
have continued over whether this increase in survival is clini-
cally significant. Nitrosoureas are the most studied agents,
while the newer agents such as Gliadel wafers and temozolo-
mide are also effective and may have fewer side effects. Atten-
tion to prognostic factors and thorough consultation with the
patient over risks and side effects of chemotherapy are neces-
sary to make the best decision for each patient: concomitant or
adjuvant chemotherapy is not yet standard care. Further trials
need to consider the quality of life as well as survival benefit.

6. Treatment of brain metastasis
What is the most effective treatment for brain metastasis?

Brain metastasis are usually multiple and occur most often in
the setting of active disease elsewhere. In this instance, the
management is mainly palliative, since the prognosis is poor.
A small subgroup of those with a single brain metastasis may
enjoy longer survival, particularly if it is the only site of
metastatic disease (solitary metastasis). Treatment options
for brain metastases can involve surgical resection or radio-
therapy [54,55]. The later can be in the form of WBRT, or as
a focal technique (SRS or stereotactic radiotherapy). Chemo-
therapy is seldom used as primary therapy alone.

WBRT has long been considered the palliative treatment
of choice. Historical retrospective series have demonstrated
survival beyond which was encountered from palliative
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Table 17.3 Recent meta-analysis/RCTs on chemotherapy for malignant glioma.

Type of study Intervention No. of patients Patients Outcome Comment
(reference) (no. of trials) characteristics

SR Nitrosourea alone or in 3004 (12) Post-surgery Hazard ratio Individual patient 
GMTG [48] combination � surgery and RT RT 40–60 Gy focal 0.85 (95% CI 0.78–0.91) data analysis

versus surgery and RT alone or WBRT P � 0.0001

RCT Gliadel (BCNU impregnated 240 (1) First operation Median survival Multi-institution
Double-blinded wafers) � RT GBM RT 11.6 months Expensive
placebo control versus RT Age 18–65 years Gliadel � RT treatment
Westphal et al. [51] KPS � 60 13.9 months

RCT Temozolomide 573 (1) Post-operative Hazard ratio 16% grade III/IV 
Stupp et al. [53] (concomitant and GBM (mainly) 0.63 (95% CI 0.52–0.75) Haematologic

adjuvant) � RT Age 18–70 P � 0.001 toxicity
versus RT alone WHO � 2 Median survival Only 37% completed 
(chemotherapy on Exclusions: unstable RT 12.1 months concomitant � six
relapse if indicated) or increasing RT � temozolomide courses adjuvant

steroid dose 14.6 months
2-year survival
RT 10.4%
RT � temozolomide
26.5%

BCNU: bischloroethylnitrosourea; RT: radiotherapy; WBRT: whole brain radiotherapy; GBM: Glioblastoma Multiforme.
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therapy, for instance from 3 months with steroids alone to
up to 7 months with WBRT [56]. It provides symptomatic
relief and can prevent neurological deterioration. Neurological
side effects can occur early or later in long-term survivors.
The most common late neurological side effect of radiation
is leuco-encephalopathy and is characterized by dementia,
ataxia and incontinence. However, these rarely become rele-
vant due to the poor survival and their incidence is likely to
be less than 11%, which was found in one retrospective series
using inordinately high doses of radiation [57]. Although
the benefits have not been thoroughly assessed in RCTs, clin-
ical experience and ease of administration have led WBRT to
become the standard palliative treatment. This has only
recently been challenged by focal therapies, for example sur-
gery or SRS plus or minus WBRT.

Surgery has been proposed for lesions that are usually well
demarcated and superficial, suggesting resection can be 
complete and with minimal damage to surrounding neural
tissue. It may also relieve symptoms, prevent death from neu-
rological deterioration due to the metastasis, and even
increase survival. Three RCTs from the 1990s have com-
pared surgery followed by WBRT versus WBRT alone (stan-
dard palliative treatment) [18,58,59]. These trials have
recently been analysed in a Cochrane Review, which did not
demonstrate a significant survival advantage from surgery,
or in reducing death from neurological cause [60]. Only one
trial provided information on functionally independent sur-
vival for the complete sample population, and although this
did suggest an improvement with surgery, the small sample
size was very small. At best very few highly selected patients
may benefit from surgery.

Before this meta-analysis, the results of the three RCTs for
surgery in single brain metastasis had generally been inter-
preted as evidence in favour of resection and a survival benefit.
The first two trials generally found an increase in survival for
surgery, although for the later this was only in those with sta-
ble extracranial disease. The final trial did not report a signifi-
cant difference in survival, and many were quick to highlight
the main reason for this being the less strict entry criteria and a
poorer prognosis of patients. However, only a minority of
patients were actually of poorer performance status than in the
first two trials, and this alone is unlikely to account for the dif-
ference in results. Meta-analysis provides the most reliable
results, particularly when faced with small conflicting studies,
as in this case. The overall results for surgery in single brain
metastasis hence suggest no clear improvement in outcomes
from resection, other than in a few very highly selected cases.

SRS has received increased attention recently as a means
of delivering a high dose of radiation to a tumour. It avoids
damage to surrounding brain, and as it avoids craniotomy it
should afford fewer side effects and allow treatment of a
greater range of patients, including those with multiple meta-
stases. Numerous phase II studies have suggested a survival
time on a par with the best achieved from current best therapy.

Due to selection bias, these results have to be disregarded
in favour of RCTs. There are three published trials and two
presently under way.

Unfortunately the first two RCTs of SRS are not inter-
pretable due to serious methodological shortcomings [61,62].
The only analysable RCT stratified patients into two groups
depending on the presence of single or up to three metastases
who had WBRT with or without SRS first [63]. Those with
single brain metastasis treated by SRS had an increase in
median survival from 4.9 to 6.5 months which was statisti-
cally significant, and they were also more likely to maintain
or improve their KPS at 6 months follow-up. There was no
change in the proportion of patients dying from neurological
disease. For two or three metastases no improvement was
found for SRS in terms of survival, local control or death from
neurological disease. A trial is currently ongoing to compare
the use of surgery or SRS, both followed by WBRT, for single
brain metastasis; this should help decide the optimum treat-
ment for these patients.

Following focal therapy of a single lesion by either surgery
or SRS, there is debate as to whether WBRT is necessary.
Previously radiology was less accurate in detecting the pres-
ence of multiple metastases, and WBRT had the advantage of
treating undetected micrometastases. However, better imaging
now detects more multiple metastases, and theoretically a
single metastasis should be able to be definitively treated. It
has been suggested from some phase II studies that WBRT
does not improve outcomes after successful SRS.

If surgery is completed, then a single RCT of 95 patients
has demonstrated advantages for post-operative WBRT [64].
This found that although overall survival was not increased,
there was a decrease in death from neurological disease from
44% to 14% and a decrease in recurrence rates both locally
(46–10%) and throughout the brain (37–14%). For SRS, an
RCT currently in progress will hopefully allow evidence-
based guidelines on the use of WBRT following SRS.

The main cause of death in patients with brain metastases is
the activity of extracranial disease. There is good evidence
that surgery does not afford any advantage over WBRT in sin-
gle brain metastasis other than in very highly selected patients
(Table 17.4). The results of these RCTs were all in a highly
selected group of those of good prognosis which will be the
minority of those with brain metastases in clinical practice,
and are not applicable to other patient groups. Further trials
are underway to fully define the role of SRS in the manage-
ment of brain metastases. The management for the majority
of those with brain metastases will be palliative.

Summary

It must be remembered in neuro-oncology as in other spe-
cialities, large numbers of uncontrolled phase II studies point-
ing in the direction of benefit for an intervention do not
necessarily strengthen proof that the therapy is effective (it just
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magnifies the same errors in design, compounded by publi-
cation bias and ‘gearing’). Good outcomes in good prognosis
patients are to be expected!

With an increasing evidence basis for practice in neuro-
oncology, it is important to remember some important prin-
ciples when interpreting trials. The fact that a study is a RCT
trial is not by itself an indication of quality or that the results
are valid. Statistical significance must not be confused with
clinical significance. Although survival is an important end-
point, quality of life is as important. The study power, method
of randomization, blinding, selection and stratification criteria
are each important and can confound results. For example,
if studies are not blinded, patients who realize that they are
receiving the ‘standard’ rather than ‘novel’ arm may wish to
switch after randomization and find a reason for coming out
of the standard limb of the study (such as side effects or tox-
icity). If studies are not double blinded, doctors can have an
influence, whether intentional or not on further interven-
tions. Blinding of doctors can also affect the reporting of
quality of life data and disease progression. Very few RCTs in
gliomas are able to report on quality of life, and where they
have attempted to do so, studies are fraught with missing
data and attrition of return of questionnaires due to illness
or death.

There are small but growing number of good quality trials
in neuro-oncology with which to base evidence-based prac-
tice. With chemotherapy for gliomas and surgery for single
metastasis, excellent quality Cochrane Reviews have pro-
vided results that have challenged previously held beliefs
and breathed new air into treatment areas. Furthermore,
thorough literature searches have identified clear areas of

weakness in our knowledge, for example for surgery in HGG.
Continuing this growth of evidence-based research will no
doubt lead to changes and hopefully improvements in the
way these devastating conditions are managed.
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Background

Epilepsy is characterized by recurrent unprovoked seizures
of cerebral origin, with motor, sensory or autonomic disturb-
ance with or without loss of consciousness. The epilepsies
are a group of disorders rather than a single disease. Seizures
can be classified by type as partial (categorized as simple par-
tial, complex partial, and secondary generalized tonic clonic
seizures) or generalized (categorized as generalized tonic
clonic, absence, myoclonic, tonic, and atonic seizures) [1].

Epilepsy is common, with an estimated prevalence in the
developed world of 5–10/1000, and an annual incidence of
50/100,000 people [2]. About 3% of people will be given a
diagnosis of epilepsy at some time in their lives [3].

Seizures are essentially a symptom, rather than a disease,
and may be caused by various disorders involving the brain.
The causes/risk factors include birth/neonatal injuries, con-
genital or metabolic disorders, head injuries, tumours, infec-
tions of the brain or meninges, drug or alcohol abuse,
genetic defects, degenerative disease of the brain, cere-
brovascular disease, or demyelinating disease.

Epilepsy can be classified by aetiology [1]. Idiopathic gen-
eralized epilepsies (such as juvenile myoclonic epilepsy or
childhood absence epilepsy) are genetic. Symptomatic epilep-
sies result from a known cerebral abnormality; for example,
temporal lobe epilepsy may result from a congenital defect,
mesial temporal sclerosis, or a tumour. Cryptogenic epilepsies
are those thought to be symptomatic, but the causative fac-
tor has not been identified.

About 60% of untreated people have no further seizures
in the 2 years after their first seizure [4]. A diagnosis of
epilepsy is usually made following two or more unprovoked
seizures, and for most people with epilepsy the prognosis is
good. About 70% go into remission, defined as being seizure
free for 5 years on or off treatment. This leaves 20–30% who
develop chronic epilepsy, which is often treated with multi-
ple antiepileptic drugs (AEDs) [5].

Framing clinical questions and search for
evidence

The aims of the intervention are:
• To reduce the risk of subsequent seizures.
• To improve the prognosis of the seizure disorder.

• To minimize adverse effects of treatment.
• For people in remission, to withdraw AEDs without caus-
ing seizure recurrence.
• To improve of quality of life.
We searched the Cochrane Epilepsy Group Trial Register,
Cochrane Systematic Reviews (Cochrane Library Issue I,
2006), and Medline in November 2005.

We investigated the following outcomes:
• For treatment after a single seizure: Proportion of people having
recurrence of seizure after 1, 2, or 5 years after the first seizure,
time to subsequent seizures, time to achieve a 12-month or 2-
year remission, proportion of people achieving 12-month or 2-
year remission 2 or 5 years after their first seizure.
• For treatment of newly diagnosed epilepsy: Retention on allo-
cated treatment or time to withdrawal of allocated treat-
ment, time to remission, time to first seizure after treatment,
recurrence rates.
• For treatment of drug-resistant epilepsy: Percentage reduction
in seizure frequency, proportion of responders (response
defined as 50% or greater reduction in seizure frequency),
withdrawal from treatment and side effects.
• For drug withdrawal: Time to seizure recurrence, improve-
ment in quality of life.
• For epilepsy surgery: Seizure freedom 1 or 2 years after sur-
gery, improvement in quality of life, mortality/morbidity.

Critical review of the evidence for each
question

1. Treatment of first seizure
In persons with the first unprovoked seizure (single seizure), does
AED treatment, started immediately, affect the probability of seizure
recurrence and long-term prognosis?

We found no systematic review. We found six randomized-
controlled trials (RCTs).

The Multicentre Study of Early Epilepsy and Single Seizures
(MESS study) [6] was an unmasked, multicentre, random-
ized study of immediate and deferred AED treatment in 1443
patients (children and adults) with single seizures or early
epilepsy. Outcomes comprised time to first, second, and fifth
seizures; time to 2-year remission; no seizures between
years 1 and 3 and between years 3 and 5 after randomization;
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and quality of life. Seven hundred and twenty-two were
assigned to immediate treatment with AEDs and 721 were
assigned deferred treatment. Immediate treatment increased
time to first, second, and first tonic clonic seizures. It also
reduced the time to achieve 2-year remission of seizures
(P � 0.023). At 5-year follow-up, 76% of patients in the
immediate treatment group and 77% of those in the deferred
treatment group were seizure free between 3 and 5 years after
randomization (difference � 0.2% [95% CI (confidence inter-
val) �5.8 to 5.5%]). The two policies did not differ with
respect to quality of life outcomes or serious complications.
Immediate AED treatment reduced the occurrence of seizures
in the next 1–2 years, but did not affect long-term remission in
individuals with single or infrequent seizures. Quality of life
outcomes found no advantage for either treatment policy
and indicate that the benefits of preventing seizures is bal-
anced by the adverse effects and stigma of taking AEDs.

The FIRST Group [7] randomized 419 people (42%
women, 28% aged �16 years, 66% aged 16–60 years, 6%

aged �60 years), and compared immediate treatment after 
a first unprovoked seizure versus no immediate treatment.
People were randomized within 7 days of their first tonic
clonic seizure. Longer-term follow-up of the RCT [8] found
that there were half as many second seizures with immedi-
ate treatment compared with no immediate treatment at 2
years (hazard ratio (HR) 0.4, 95% CI 0.2–0.5). However, no
significant difference was found in the proportion of people
achieving a 2-year remission in seizures (absolute risk (AR)
60% with immediate treatment versus 68% with no treat-
ment; relative risk (RR) 0.82, 95% CI 0.64–1.03; RR
adjusted for time of starting treatment 0.96, 95% CI
0.77–1.22). Forty-one patients discontinued AEDs – 14 cit-
ing adverse effects.

Gilad [9] randomized 91 patients aged 18–50 years, pre-
senting to the hospital within 24 h of the first unprovoked
seizure: 46 patients were treated with carbamazepine (CBZ)
and 45 with no medication Nine subjects who did not toler-
ate carbamazepine were changed over to treatment with
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Table 18.1 Treatment of single seizure (immediate versus no immediate treatment).

Study Number of Recurrence % Time to Remission % Remission Comments
(reference) patients (follow-up time) recurrence (follow-up time) RR (95% CI)

HR (95% CI)

FIRST [7,8] 436 Control 51% 0.40 Control 61% 0.82 Children and adults, randomized 
Treatment 25% (0.2–0.5) Treatment 68% (0.64–1.03) within 7 days of seizure, 65 had 
(2 years) (2 years)* previous uncertain seizures

0.96 *Adjusted for time of starting 
(0.77–1.22)* treatment

MESS [6] 812 Control 39% 0.82 Control 61% Proportional Children and adults, 30% 
Treatment 32% (0.68–0.99) Treatment 69% hazards model randomized within a week, 55% 
(2 years) (2 years) not valid within 1 month
Control 44% Control 92%
Treatment 35% Treatment 92%
(5 years) (5 years)

Gilad [9] 91 Control 59% Not blinded, adults, randomized 
Treatment 13% within 24 h after the first seizure, 
(1 year) 20% changed from CBZ to VPA 
Control 68% due to side effects
Treatment 20%
(2 years)
Control 71%
Treatment 22%
(3 years)

Camfield [11] 31 Control 53% Children randomized within 
Treatment 14% 1 month of seizure, unblinded,
(1 year) four discontinued CBZ due to 

side effects

Chandra [10] 228 Control 56% Adults, randomized within 
Treatment 4% 2 weeks of seizure, double blind
(1 year)
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sodium valproate (VPA). They were followed up for 36
months. Seizures recurred in 29 of the untreated and 10 in
the treatment group. The number of subjects having seizure
recurrences in the treatment and control groups were 6 ver-
sus 24 at the end of 1 year, 9 versus 28 at the end of 2 years,
10 versus 29 at the end of 3 years. The risk rates for relapse
(AR) at the end of 1, 2, and 3 years in the treatment group
was 0.1, 0.2, and 0.4 compared to 0.33, 0.62, and 0.77 in
untreated P � 0.001; 95% CI not given.

Chandra [10] performed a double-blind RCT of 228 adult
(16–79) patients presenting within 2 weeks after the first
seizure to treatment with sodium valproate or placebo in a
double-blind manner. The follow-up was for 12 months.
One hundred and fifteen patients received VPA and 113
placebo. Seizures recurred in 5 of the VPA treated and 63 of
placebo group. Side effects were noted in 10 on VPA and 2
on placebo but were not considered serious.

Camfield [11] randomized 31 children with first afebrile
seizure to treatment with carbamazepine or no immediate
treatment. At the end of 1 year, afebrile seizures recurred in
two of the 14 randomized to CBZ and nine of 17 with no
medication. Four discontinued CBZ due to side effects and
two on CBZ had febrile recurrences. Thus six of the 14 tak-
ing CBZ and seven of 17 on no medication were free of
seizures and without adverse effects, 1 year after their initial
seizure.

Pauranik [12] randomized 84 adults presenting within 1
week of a single unprovoked cerebral seizure into two
groups, one receiving phenytoin and other placebo. This
was a double-blind study. The follow-up ranged from 8 to 18
months (mean 12.3). About a third of patients had their sec-
ond attack within 1 month and 80% within 1 year. The
study has been published only as a conference abstract and
further details of this study are not available. The results of
the RCTs are summarized in Table 18.1.

Summary

RCTs found that AED treatment following a single seizure
reduces seizure recurrence compared with no treatment.
However, we found no evidence that treatment alters long-
term prognosis. Quality of life outcomes from the MESS
study indicate that the benefits of preventing seizure are bal-
anced by the adverse effects and stigma of taking AEDs.

2. AED for partial epilepsy
In patients with partial epilepsy, which AED is most effective and
safe?

Carbamazepine
We found no placebo-controlled RCTs of carbamazepine
used as monotherapy in people with partial epilepsy, but

widespread consensus holds that it is effective. Placebo-con-
trolled trials of carbamazepine would now be considered
unethical. We found three systematic reviews comparing car-
bamazepine versus sodium valproate, phenobarbital, and
phenytoin.

The first systematic review (5 RCTs, 1265 people, of
whom 830 had partial epilepsy and 395 had generalized
epilepsy, aged 3–83 years, follow-up �5 years) compared
sodium valproate versus carbamazepine [13]. The system-
atic review included a meta-analysis of the subgroup of peo-
ple with partial epilepsy. Sodium valproate had decreased
12-month remission compared with carbamazepine and sig-
nificantly increased risk of first seizure. A test for statistical
interaction was performed and was significant for time to
first seizure but not for time to 12-month remission. These
subgroup analyses must therefore be treated with caution.
The review found no significant difference for treatment
withdrawal between sodium valproate and carbamazepine.
The meta-analysis provides weak evidence in support of the
consensus view to use carbamazepine as the drug of choice
in people with partial epilepsy.

The second systematic review (4 RCTs, 680 people, of
whom 523 had partial epilepsy) compared carbamazepine
versus phenobarbital [14]. For people with partial epilepsy 
it found no significant difference in remission during the
next 12 months. However, it found that phenobarbital sig-
nificantly increased time to first seizure compared with 
carbamazepine. The review found that phenobarbital was
significantly more likely to be withdrawn than carba-
mazepine.

The third systematic review (3 RCTs, 552 adults and chil-
dren, of whom 431 had partial epilepsy) compared carba-
mazepine versus phenytoin [15]. The review did not present
results separately for people with partial and generalized
epilepsy. Overall, however, it found no significant difference
between carbamazepine and phenytoin for treatment with-
drawal, first seizure, or 12-month remission.

Phenobarbital
We found no placebo-controlled RCTs of phenobarbital used
as monotherapy in people with partial epilepsy, but wide-
spread consensus holds that it is effective. Placebo-
controlled trials of phenobarbital would now be considered
unethical. We found two systematic reviews comparing
phenobarbital versus carbamazepine and phenytoin.

The first systematic review (3 RCTs, 599 people with partial
or generalized epilepsy, aged 3–77 years) compared phenobar-
bital versus phenytoin [16], but it did not undertake subgroup
analyses for people with partial or generalized epilepsy.
Overall, it found no significant difference in 12-month remis-
sion or first seizure. The review found that treatment with-
drawal was greater with phenobarbital than with phenytoin,
presumably because it was less well tolerated.

Chapter 18: Epilepsy 175

9780727918116_4_018.qxd  2/7/07  2:52 PM  Page 175



The second systematic review (4 RCTs, 680 people, of
whom 523 had partial epilepsy) compared carbamazepine
versus phenobarbital [14]. For people with partial epilepsy it
found no significant difference in remission during the next
12 months. However, it found that phenobarbital signifi-
cantly increased time to first seizure compared with carba-
mazepine but was significantly more likely to be withdrawn
than carbamazepine.

Phenytoin
We found no placebo-controlled RCTs of phenytoin used as
monotherapy in people with partial epilepsy, but widespread
consensus holds that it is effective. Placebo-controlled trials
of phenytoin would now be considered unethical. We found
three systematic reviews comparing phenytoin versus sodium
valproate, phenobarbital, and carbamazepine.

The first systematic review (5 RCTs, 250 people with par-
tial epilepsy and 395 with generalized epilepsy, aged 3–95
years, follow-up � 5 years) compared sodium valproate ver-
sus phenytoin [17]. It included a meta-analysis in people
with partial epilepsy. It found no significant difference in 12-
month remission, or first seizure or in treatment withdrawal
between phenytoin and sodium valproate.

The second systematic review (3 RCTs, 599 people with
partial or generalized epilepsy, aged 3–77 years) compared
phenobarbital versus phenytoin [16], but it did not under-
take subgroup analyses for people with partial or generalized
epilepsy. Overall, it found no significant difference in 12-
month remission or first seizure. The review found that treat-
ment withdrawal was greater with phenobarbital than with
phenytoin, presumably because it was less well tolerated.

The third systematic review (3 RCTs, 552 adults and chil-
dren, of whom 431 had partial epilepsy) compared carba-
mazepine versus phenytoin [15]. The review did not present
results separately for people with generalized epilepsy and
people with partial epilepsy. Overall, however, it found no sig-
nificant difference between carbamazepine and phenytoin for
treatment withdrawal, first seizure, or 12-month remission.

Sodium valproate
We found no placebo-controlled RCTs of sodium valproate
used as monotherapy in people with partial epilepsy, but
widespread consensus holds that it is effective. Placebo-
controlled trials of sodium valproate would now be consid-
ered unethical.

We found two systematic reviews comparing sodium 
valproate versus carbamazapine and phenytoin. The first
systematic review (5 RCTs, 1265 people, of whom 830 had
partial epilepsy and 395 had generalized epilepsy, aged 3–83
years, follow-up �5 years) compared sodium valproate ver-
sus carbamazepine [13]. The systematic review included a
meta-analysis of the subgroup of people with partial epilepsy.
Sodium valproate had decreased 12-month remission 
compared with carbamazepine and significantly increased risk

of first seizure. A test for statistical interaction was performed
and was significant for time to first seizure but not for time
to 12-month remission. These subgroup analyses must
therefore be treated with caution. The review found no sig-
nificant difference for treatment withdrawal between
sodium valproate and carbamazepine.

The second systematic review (5 RCTs, 250 people with
partial epilepsy and 395 with generalized epilepsy, aged
3–95 years, follow-up �5 years) compared sodium val-
proate versus phenytoin [17]. It included a meta-analysis in
people with partial epilepsy. It found no significant differ-
ence in 12-month remission or first seizure. The review
found no significant difference in treatment withdrawal
between sodium valproate and phenytoin.

Other AEDs
We found no placebo-controlled RCTs of other AEDs used as
monotherapy in people with partial epilepsy.

The details of the results of the systematic reviews are
given in Table 18.2.

Summary

We found no placebo-controlled RCTs of carbamazepine,
phenobarbital, phenytoin, or sodium valproate used as
monotherapy in people with partial epilepsy, but wide-
spread consensus holds that they are effective. Systematic
reviews found that phenobarbital was more likely to be
withdrawn than phenytoin or carbamazepine. The system-
atic review comparing carbamazepine and valproate pro-
vides weak evidence to support carbamazepine as a drug of
first choice. We found no RCTs of other AEDs used as
monotherapy in people with partial epilepsy. Systematic
reviews found no reliable evidence on which to base a
choice among AEDs in terms of seizure control.

3. AED for generalized epilepsy
In patients with generalized epilepsy (tonic clonic type), which AED
is most effective and safe?

Carbamazepine
We found no placebo-controlled trials of carbamazepine
used as monotherapy in people with generalized epilepsy
(tonic clonic type), but widespread consensus holds that
these drugs are effective. We found three systematic reviews
comparing carbamazepine versus sodium valproate, pheno-
barbital, and phenytoin.

The first systematic review compared carbamazepine ver-
sus sodium valproate [13] (5 RCTs, 4 of the RCTs included
395 people with generalized epilepsy, aged 3–79 years, 
follow-up �5 years). RCTs included in the review recruited
people if they had generalized onset tonic clonic seizures with
or without other generalized seizure types (e.g. absence or
myoclonus). A meta-analysis of the generalized epilepsy
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subgroup found no significant difference between sodium
valproate and carbamazepine for 12-month remission or
first seizure. The review found no significant difference
between sodium valproate and carbamazepine for treatment
withdrawal. Although no difference was found in the system-
atic review between sodium valproate and carbamazepine,
the CI is wide and this result does not establish equivalence 

of sodium valproate and carbamazepine. Also, the age distri-
bution of people classified as having generalized epilepsy
suggests errors in the classification of epilepsy type. Failure
of the RCTs to document generalized seizures other than
tonic clonic seizures is an important limitation.

The second systematic review (4 RCTs, 680 people, of whom
157 had generalized epilepsy) compared carbamazepine 
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Table 18.2 Comparisons of first-line AEDs in partial and generalized epilepsy.

SR (reference) Outcome Partial HR Generalized Both HR Comment
(time to event) (95% CI) HR (95% CI) (95% CI)

PHB versus 12-month remission 1.03 0.61 Non-statistical significant difference
CBZ [14] (0.72–1.49) (0.36–1.03)

First seizure 0.71 1.50 Non-statistical significant difference for
(0.55–0.91) (0.95–2.35) generalized epilepsy
PHB better Advantage to PHB for partial seizures

Withdrawal 1.60 1.78 More withdrawals on PHB. Statistically 
(1.18–2.17) (0.87–3.62) significant difference only for partial onset
PHB worse but with significant heterogeneity

VPA versus 12-month 0.82 0.96 Non-statistical significant difference
CBZ [13] remission (0.67–1.00) (0.75 to 1.24)

VPA worse

First seizure 1.22 0.86 Statistically significant difference only for
(1.04–1.44) (0.68–1.09) partial onset with advantage for CBZ
VPA worse

Withdrawal 1.00 0.89 Non-statistical significant difference
(0.79–1.26) (0.62–1.29)

PHT versus 12-month remission 1.02 1.06 Non-statistical significant difference
VPA [17] (0.68–1.54) (0.71–1.57)

First seizure 0.81 1.03 Non-statistical significant difference
(0.59–1.10) (0.77–1.39)

Withdrawal 1.23 0.98 Non-statistical significant difference
(0.77–1.98) (0.60–1.58)

PHB versus 12-month remission 0.93 Non-statistical significant difference
PHT [16] (0.70–1.23)

First seizure 0.84 Non-statistical significant difference
(0.68–1.05)

Withdrawal 1.62 Statistically significant difference
(1.22–2.14) PHB worse

PHT versus 12-month remission 1.0 Non-difference
CBZ [15] (0.78–1.29)

First seizure 0.91 Non-statistical significant difference
(0.74–1.12)

Withdrawal 0.97 Non-statistical significant difference
(0.74–1.28)

12 month remission: HR � 1 indicates first drug is better or more remission with first drug. First seizure � 1 indicates first drug is better or less seizure
recurrence with first drug. Withdrawals � 1 worse for the first drug more withdrawals with the first drug.
PHT: phenytoin; PHB: phenobarbital; CBZ: carbamazepine; VDA: valproate.
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versus phenobarbital [14]. Subgroup analysis in people with
a generalized epilepsy found no significant differences for
first seizure or 12-month remission. The review found no
significant differences in treatment withdrawal between car-
bamazepine and phenobarbital.

The third systematic review (3 RCTs, 552 people, of whom
121 had generalized epilepsy) compared carbamazepine ver-
sus phenytoin [15]. It did not present results separately for
people with generalized epilepsy. Overall, however, it found
no significant difference between carbamazepine and pheny-
toin for treatment withdrawal, first seizure, or 12-month
remission.

Phenobarbital
We found no placebo-controlled trials of phenobarbital used
as monotherapy in people with generalized epilepsy, but
widespread consensus holds that it is effective.

We found one systematic review (4 RCTs, 680 people, of
whom 157 had generalized epilepsy), which compared car-
bamazepine versus phenobarbital [14]. Subgroup analysis in
people with a generalized epilepsy found no significant dif-
ferences for first seizure, or 12-month remission. The review
found no significant difference for treatment withdrawal
between carbamazepine and phenobarbital.

Phenytoin
We found no placebo-controlled trials of phenytoin used as
monotherapy in people with generalized epilepsy, but wide-
spread consensus holds that it is effective. We found two
reviews comparing phenytoin versus carbamazepine and
sodium valproate.

The first systematic review compared phenytoin and sodium
valproate [17] (5 RCTs, 395 people aged 3–95 years with
generalized epilepsy). RCTs included in the review recruited
people if they had generalized onset tonic clonic seizures
with or without other generalized seizure types (e.g. absence
or myoclonus). A meta-analysis of the generalized epilepsy
subgroup found no significant difference between sodium val-
proate and phenytoin for 12-month remission or first
seizure. The review found no significant difference between
sodium valproate and phenytoin for time to treatment 
withdrawal. Although no difference was found in the sys-
tematic reviews between sodium valproate and phenytoin,
the CI is wide and this result does not establish equivalence
of sodium valproate and phenytoin.

The second systematic review (3 RCTs, 552 people, of whom
121 had generalized epilepsy) compared carbamazepine ver-
sus phenytoin [15]. It did not present results separately 
for people with generalized epilepsy. Overall, it found no
significant difference between carbamazepine and pheny-
toin for treatment withdrawal, first seizure, or 12-month
remission.

Sodium valproate
We found no placebo-controlled trials of sodium valproate
used as monotherapy in people with generalized epilepsy,
but widespread consensus holds that it is effective. We
found two systematic reviews comparing sodium valproate
versus carbamazepine and phenytoin. The reviews were of
RCTs that recruited people if they had generalized onset
tonic clonic seizures with or without other generalized
seizure types (e.g. absence or myoclonus).

The first systematic review compared carbamazepine ver-
sus sodium valproate [13] (5 RCTs, 4 of the RCTs included
395 people with generalized epilepsy, aged 3–79 years, 
follow-up �5 years). A meta-analysis of the generalized
epilepsy subgroup found no significant difference between
sodium valproate and carbamazepine for 12-month remis-
sion or first seizure. The review found no significant differ-
ence between sodium valproate and carbamazepine for
treatment withdrawal.

The second systematic review compared phenytoin and
sodium valproate [17] (5 RCTs, 395 people aged 3–95 years
with generalized epilepsy). A meta-analysis of the general-
ized epilepsy subgroup found no significant difference
between sodium valproate and phenytoin for 12-month
remission or first seizure. The review found no significant
difference between sodium valproate and phenytoin for
time to treatment withdrawal.

Although no difference was found in the systematic reviews
between sodium valproate and either carbamazepine or
phenytoin, the CI are wide and these results do not establish
equivalence of sodium valproate and carbamazepine or
phenytoin. Also, the age distribution of people classified as
having generalized epilepsy suggests errors in the classification
of epilepsy type. Failure of the RCTs to document general-
ized seizures other than tonic clonic seizures is an important
limitation. The meta-analysis does not provide evidence to
support or refute the use of sodium valproate for people
with generalized tonic clonic seizures as part of generalized
epilepsy.

Other AEDs
We found no placebo-controlled RCTs of other AEDs used as
monotherapy in people with generalized epilepsy.

The details of the results of systematic reviews are given in
Table 18.2.

Summary

We found no placebo-controlled trials of carbamazepine,
phenobarbital, phenytoin, and sodium valproate used as
monotherapy in people with generalized epilepsy (tonic
clonic type), but widespread consensus holds that these
drugs are effective. Systematic reviews found insufficient
evidence on which to base a choice among AEDs in terms of
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seizure control. We found no RCTs of other AEDs used as
monotherapy in people with generalized epilepsy.

4. AED for absence seizure
In patients with generalized epilepsy (absence seizures), which AED
is most effective and safe?

One systematic review [18] found four small trials, which
were of poor methodological quality. One trial (29 partici-
pants) compared lamotrigine with placebo using a response
conditional design. Individuals taking lamotrigine were signif-
icantly more likely to be seizure free than participants taking
placebo during this short trial. Three studies compared etho-
suximide and valproate, but because of diverse study designs
and populations studied, the results could not be pooled. None
of these studies found a difference between valproate and
ethosuximide with respect to seizure control, but CI were wide
and the existence of important differences could not be
excluded. Although ethosuximide, lamotrigine, and valproate
are commonly used to treat people with absence seizures we
have insufficient evidence to inform clinical practice, since
the few trials available were of poor methodological quality.

5. Addition of second-line AEDs
What are the effects of adding newer AED in people with partial
epilepsy not responding to the first-line AED?

We found eight systematic reviews that compared the addi-
tion of second-line drugs (gabapentin, levetiracetam, lamot-
rigine, oxcarbazepine, tiagabine, topiramate, vigabatrin, or
zonisamide) versus placebo in people who had not
responded to usual drug treatment:
1 Gabapentin versus placebo: One systematic review [19] (5
RCTs, 997 people) found that adding gabapentin to usual
treatment significantly reduced seizure frequency compared
with adding placebo, and that efficacy increased with
increasing dose.
2 Levetiracetam versus placebo: One systematic review [20] (4
RCTs, 1023 people) found that adding levetiracetam to usual
treatment significantly reduced seizure frequency compared
with adding placebo.
3 Lamotrigine versus placebo: One systematic review [21] (11
RCTs, 1243 people) found that adding lamotrigine to usual
treatment significantly reduced seizure frequency compared
with adding placebo. Lamotrigine is associated with a rash,
which may be avoided by slower titration of the drug.
4 Oxcarbazepine versus placebo: One systematic review 
[22] (2 RCTs, 961 adults and children) found that adding
oxcarbazepine to usual treatment significantly reduced
seizure frequency compared with adding placebo.
5 Tiagabine versus placebo: One systematic review [23] (3
RCTs, 769 people) found that adding tiagabine to usual

treatment significantly reduced seizure frequency compared
with adding placebo (see Table 18.3).
6 Topiramate versus placebo: One systematic review [24] (9
RCTs, 1049 people) found that adding topiramate to usual
treatment significantly reduced seizure frequency compared
with adding placebo.
7 Vigabatrin versus placebo: One systematic review [25] (search
date 1995, 4 RCTs, 495 people) found that adding vigabatrin
to usual treatment significantly reduced seizure frequency
compared with adding placebo. Vigabatrin causes concentric
visual field abnormalities in about 40% of people, which are
probably irreversible [26]. Because of the irreversible visual
field abnormalities associated with vigabatrin, the consensus
view among neurologists is not to recommend this drug.
8 Zonisamide versus placebo: One systematic review [27] (3
RCTs, 499 people) found that adding zonisamide to usual
treatment significantly reduced seizure frequency compared
with adding placebo.
Adverse effects and treatment withdrawal were more frequent
with additional treatment than with placebo. The results of
these systematic reviews are tabulated (Table 18.3).

Summary

Systematic reviews in people with drug-resistant partial
epilepsy found that adding gabapentin, levetiracetam, lamot-
rigine, oxcarbazepine, tiagabine, topiramate, vigabatrin, or
zonisamide to usual treatment reduced seizure frequency in
the short term compared with adding placebo. The reviews
found that adding any of the drugs increased the frequency
of adverse effects compared with adding placebo. Few RCTs
have compared second-line drugs directly with each other,
and no trials have examined longer term outcomes. We found
no good evidence from RCTs on which to base a choice
among drugs.

6. AED withdrawal for people in remission
How does the withdrawal of AEDs in persons with epilepsy who 
are seizure free with medication, affect the probability of seizure
recurrence?

Withdrawal versus continued treatment
One large RCT (1013 people who had been seizure free 
for �2 years) compared continued antiepileptic treatment
with slow AED withdrawal [28,29]. At 2 years, 78% of people
who continued treatment remained seizure free compared
with 59% in the withdrawal group. There were no signifi-
cant differences in psychosocial outcomes between groups.
Risk reductions with 95% CI for the main factors pre-
dicting recurrence of seizures are tabulated (Table 18.4).
Sixteen people died during the trial, 10 in the continued
treatment group and 6 in the withdrawal group. Only two
deaths were attributed to epilepsy, and both of these occurred
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Table 18.3 Effects of additional drug versus placebo treatment and dose response in people not responding to usual treatment: results of systematic reviews.

Intervention Responders* RR treatment RR adverse effects with CI Comments
percentage (unless withdrawal (99% CI) for any dose
specified otherwise) (95% CI)
or RR (95% CI)

Gabapentin 9.9 1.4 5 RCTs (1 in children, 4 in adults);
(adults only) (7.2–13.5) (0.8–2.5) Efficacy increased with increasing dose.
0 mg Placebo No plateauing of response; so doses tested

may not have been optimal.

Gabapentin 14.4
600 mg (12.0–17.3)

Gabapentin 17.3
900 mg (14.6–20.3)

Gabapentin 20.6
1200 mg (17.1–24.6)

Gabapentin 28.5
1800 mg (21.5–36.7)

Gabapentin RR 1.81 1.04 Dizziness 2.19 (1.24–3.89)
(adults and (1.32–2.49) (0.71–1.52) Fatigue 2.30 (1.11–4.75)
children) Somnolence 1.91 (1.20–3.05)
600–1800 mg

Topiramate 11.7 9 RCTs
0 mg Placebo (8.7–15.7)

Topiramate 26.8 2.06 Dizziness 1.55 (1.07–2.24)
200 mg (15.8–41.3) (1.38–3.08) Fatigue 2.21 (1.42–3.45)

Somnolence 2.26 (1.48–3.46)
Ataxia 1.95 (1.04–3.65)
Difficulty thinking 5.54 (2.34–13.12)

Topiramate 46.5
400–1000 mg (42.5–50.5)

Topiramate RR 3.32
200–1000 mg (2.52–4.39)

Vigabatrin 13.8 3 RCTs
(adults) (9.7–19.2)
0 mg Placebo

Vigabatrin 22.8 2.95 No adverse effects significantly more
1000 or 2000 mg (14.5–34.9) (1.25–7.00) frequent but 40% develop concentric

visual field abnormalities.

Vigabatrin 45.9
3000 or 6000 mg (39.5–52.5)

Levetiracetam RR 3.53 1.21 Dizziness 2.50 (1.16–5.41) 4 RCTs.
(adults) (2.48–5.03) (0.88–1.66) Infection 1.76 (1.03–3.02) Results of regression models with CI (95% 
1000–3000 mg unless otherwise stated) do not provide 

reliable estimates for a response to 
individual doses.

Lamotrigine RR 2.32 1.10 Dizziness 2.05 (1.52–2.78) 11 RCTs
(adults) (1.67–3.23) (0.81–1.50) Ataxia 3.23 (1.93–5.42)
200–500 mg Diplopia 3.47 (1.91–6.31)

Nausea 1.76 (1.18–2.64)

(Continued)
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in people randomized to continued treatment. People with a
seizure recurrence were less likely to be in paid employment
at 2 years. One systematic review of observational studies
(search date not reported) found that, at 2 years, 29% (95%
CI 24–34%) of people in remission from all types of epilepsy
would relapse if AEDs were withdrawn.

Early versus late discontinuation
One systematic review [30] investigated seizure relapse risk
after early (less than two seizure-free years) versus late (more
than two seizure free years) AED withdrawal in epilepsy
patients. Seven eligible controlled trials were included in the
analysis representing 924 randomized children. There were
no eligible trials evaluating seizure-free adults. The pooled

RR for seizure relapse in early versus late AED withdrawal
was 1.32 (95% CI 1.02–1.70). On the basis of this estimate,
the number needed to harm, that is expose an individual to
a higher risk of seizure relapse because of early withdrawal
of AED, is 10. Early discontinuation was associated with
greater relapse rates in people with partial seizures (pooled
RR 1.52, 95% CI 0.95–2.41) or an abnormal electroencephalo-
graph (EEG) (pooled RR 1.67, 95% CI 0.93–3.00).

Rapid versus slow withdrawal of AED
One systematic review [31] found one quasi-randomized trial
assigned 149 children to either a 6-week or a 9-month
period of drug tapering, after which therapy was discon-
tinued. Each group was composed of patients who had been
seizure free for either 2 or 4 years before drug tapering was
begun. The majority were receiving one or two AEDs. Sixteen
patients were lost to follow up before the beginning of the
taper period. Seizures recurred in 53 patients (40%). The
mean duration of follow-up was 39 months (range 11–105)
for the patients who did not have a recurrence of seizures.
Neither the length of the taper period (6 weeks versus 9
months, P � 0.38) nor the length of time the patients were
free of seizures before the taper period was begun (2 years
versus 4 years, P � 0.20) significantly influenced the risk of
seizure recurrence. The presence of mental retardation (RR
3.1, 95% CI 1.5–6.2) or spikes in the EEG at the time of
tapering (RR 1.9, 95% CI 1.0–3.4) increased the risk of
seizure recurrence. This small quasi-randomized study with
four arms may not have had the power to detect important
differences in the effects of treatment policies.
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Table 18.3 (Continued.)

Intervention Responders* RR treatment RR adverse effects with CI Comments
percentage (unless withdrawal (99% CI) for any dose
specified otherwise) (95% CI)
or RR (95% CI)

Oxcarbazepine RR 2.51 1.72 Dizziness 2.87 (1.82–4.52) 2 RCTs
(adults and (1.88–3.33) (1.35–2.18) Fatigue 1.81 (1.00–3.29)
children) Somnolence 2.36 (1.54–3.62)
600–2400 mg Nausea 3.09 (1.74–5.49)

Ataxia 3.54 (1.75–7.13)
Diplopia 7.25 (3.12–16.80)

Tiagabine RR 3.16 1.81 Dizziness 1.69 (1.13–2.51) 3 RCTs. Results of regression models do not 
16–56 mg (1.97–5.07) (1.25–2.62) provide accurate estimates for a response to

individual doses.

Zonisamide RR 2.44 1.64 Ataxia 4.50 (1.05–19.22) 3 RCTs
300–500 mg (1.81–3.31) (1.2–2.26) Somnolence 1.91 (1.08–3.38)

Agitation/irritability 2.37
Zonisamide RR 2.35 1.47 (1.00–5.64)
100–500 mg (1.74–3.17) (1.07–2.02) Anorexia 3.00 (1.31–6.88)

Results show percentage responding at particular daily doses, but results for treatment withdrawal and adverse effects are calculated for all doses.
* �50% reduction in seizure frequency. RR (95%) CI for responders calculated for all doses.

Table 18.4 RR of seizure recurrence within 2 years of treatment
withdrawal, according to prognostic variable.

Prognostic variable RR (95% CI) of seizure
recurrence within 2 years

Age � 16 years 1.8 (1.3–2.4)
Tonic clonic seizures 1.6 (1.1–2.2)
Myoclonus 1.8 (1.1–3.0)
Treatment with more than one AED 1.9 (1.4–2.4)
Seizures since AEDs were started 1.6 (1.2–2.1)
Any EEG abnormality 1.3 (1.0–1.8)

Risk of recurrence also declined as the seizure-free period increased, 
but in a complex manner. From Marson AG, et al. BMJ Clinical Evidence
2005; 14: 1576–97 with permission.
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Summary

One RCT in people who had been seizure free for at least 2
years found that further seizures were more likely if people
stopped treatment than if they continued antiepileptic medi-
cation. Clinical predictors of relapse after drug withdrawal
included age, seizure type, number of AEDs being taken,
whether seizures had occurred since AEDs were started, and
the period of remission before drug withdrawal. There is a
need to trade off between benefits and harms while attempt-
ing to withdraw AEDs in seizure free individuals.

There is evidence to support waiting for at least two or
more seizure free years before discontinuing AEDs in chil-
dren, particularly if individuals have an abnormal EEG and
partial seizures. There is insufficient evidence to establish
when to withdraw AEDs in children with generalized
seizures. There is no evidence to guide the timing of with-
drawal of AEDs in seizure-free adults. The ideal duration
over which the drugs should be tapered is not known.

7. Surgery
For people with drug-resistant temporal lobe epilepsy, what is the
probability that temporal lobe surgery will render them seizure free
after 1 year? Is surgical treatment safe?

Temporal lobectomy
We found one systematic review [32] (1 RCT, 80 people with
poorly controlled temporal lobe epilepsy). The RCT [33] com-
pared temporal lobectomy versus medical treatment for 1 year.

Benefits
• Seizure outcome: After 1 year, temporal lobectomy signifi-
cantly increased the proportion of people who were com-
pletely free of seizures and the proportion who were free of
seizures with or without auras compared with medical treat-
ment (seizure free: 38.0% with surgery versus 2.5% with
control; number needed to treat (NNT) 3, 95% CI 2–5;
seizure free with or without auras: 58.0% with surgery ver-
sus 7.5% with control; NNT 2, 95% CI 2–3).
• Quality of life: The RCT found that surgery improved qual-
ity of life at 1 year compared with medical treatment (qual-
ity of life in epilepsy inventory-89, range 0 to maximum
quality of 100: 73.8 with surgery versus 64.3 with medical
treatment; P � 0.001 after adjusting for baseline differences).
• Employment status: The RCT found that surgery increased
the proportion of people who were employed or attending
school at 1 year compared with medical treatment, but the
increase was not significant (56.4% with surgery versus
38.5% with medical treatment; P � 0.11).

Harms
• Mortality: The RCT found no deaths at 1 year after surgery
and one death, of unknown cause, with medical treatment.

• Other adverse effects: The RCT found that neurological
adverse effects were more common with surgery than with
medical treatment at 1 year (4/40 [10%] with surgery [1
small thalamic infarct causing thigh dysaesthesia, 1 infected
wound, 2 people with decline in verbal memory affecting
occupation for 1 year] versus 0/40 with medical treatment;
P-value not reported). It found that 22/40 (55%) people had
asymptomatic superior subquadrantic visual field defects
after surgery. The RCT found similar rates of depression with
surgical and medical treatment (18% with surgery versus
20% with medical treatment; P-value not reported).
• Psychosis: The RCT found transient psychosis in one per-
son (1/40 [2.5%]) in each treatment group.

Amygdalohippocampectomy
We found no systematic review and no RCTs that examined
the effect of amygdalohippocampectomy in people with
drug-resistant temporal lobe epilepsy. However, there is con-
sensus that amygdalohippocampectomy is likely to be bene-
ficial for people with drug-resistant temporal lobe epilepsy.

Lesionectomy
We found one systematic review of observational studies and
no RCTs that examined the effects of lesionectomy in people
with drug-resistant temporal lobe epilepsy thought to be
caused by a known cerebral lesion. The systematic review of
observational studies [34] (8 studies, 131 people with lesions)
found that between 1 and 4 years, 63% of the 131 people
who had lesionectomy were free of disabling seizures.

Summary

One RCT identified by a systematic review found that tem-
poral lobectomy improved seizure control and quality of life
after 1 year compared with continued medical treatment in
people with poorly controlled temporal lobe epilepsy. There
is consensus that temporal lobectomy is beneficial for people
with drug-resistant temporal lobe epilepsy. There is consen-
sus that amygdalohippocampectomy is likely to be beneficial
for people with drug-resistant temporal lobe epilepsy. The
effect of lesionectomy for seizure control is not known.
However, surgical removal of tumours and vascular lesions
may be indicated to prevent bleeding, herniation, or paralysis.
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Background

Alzheimer disease (AD) is a degenerative brain disease that is
the most common cause of dementia. Incidence and preva-
lence increase exponentially with age through at least the
ninth decade, with little evidence of a plateau at higher ages.
The prevalence of severe dementia in all persons older than
age 60 is estimated to be 5%, and in those older than age 85 it
is estimated to be 20% to 50%. The lifetime risk of AD is esti-
mated at 12% to 17% [1]. With more people living longer, the
prevalence of AD is increasing. Since 1980, the number of
Americans with AD has doubled to 4.5 million and may triple
by 2050 [2]. Prevalence estimates of the co-occurrence of
dementia and Parkinsonism vary widely among studies but
average 20% to 30%; annual incidence rates of dementia in
established Parkinsonism also vary but average 5% to 6% [3].
Statistics for other forms of dementia are less precise, but fron-
totemporal dementia is probably about one-tenth as common
as AD. Vascular changes are common in dementia patients, but
the frequency of mixed vascular-degenerative dementia –
especially AD – is much more common than ‘pure’ vascular
dementia (VaD).

Although most cases of AD occur after age 60, about 5%
are early-onset familial cases related to one of three autoso-
mal dominant mutations. Early-onset familial AD typically
strikes young persons ranging in age from the mid-thirties to
the mid-fifties. To date, three separate genetic mutations have
been identified that may cause early-onset familial AD, and
all three are inherited in an autosomal dominant pattern. The
most common mutation thought to account for most of the
autosomal dominant kindreds is presenilin-1 [4], and it is 
the only one of the three for which there is currently a com-
mercially available genetic test. The other two include the
amyloid precursor protein gene on chromosome 21 [5] and
presenilin-2 on chromosome 1 [6]. All result in increased con-
centrations of abeta-amyloid, which underscores the patho-
genic importance of abeta-amyloid in the evolution of AD [7].
The genetic risk factor that accounts for more cases of AD
than any other, however, is the apolipoprotein E e4 allele

located on chromosome 19. The apolipoprotein E e4 allele is
associated with late-onset familial and ‘sporadic’ AD, not
autosomal dominant early-onset familial AD [8]. The preva-
lence of the apolipoprotein E e4 allele varies worldwide but 
is about 20% in North America [9].

Dementia imposes an immense burden on families, because
70% of these patients are cared for at home [10]. The cost of
care averages $42,000 annually [11], so reducing the financial
as well as the medical burden of AD is a major goal of medical
diagnosis and management. Parkinsonism further adds to the
cost of care. These statistics primarily reflect that most AD
patients are retirees and do not account for the few patients
who lose years of work productivity because of early-onset
AD. The statistics also do not account for potentially reversible
conditions mistaken for AD or for the increased medical bur-
den of stress-related illness in caregivers.

Treatment of AD and other forms of dementia primarily
focuses on symptoms. Nearly all therapeutic trials have been
conducted in patients with AD, with results extrapolated, cor-
rectly or not, to other etiologic categories. There is little 
evidence-based support for any putative prevention therapy;
approaches that have shown disappointing results in con-
trolled clinical trials include oestrogen replacement [12], non-
steroidal anti-inflammatory drugs [13], and vitamin E [14].
Intellectual impairment benefits modestly from cholinesterase
inhibitor therapy [15] in mild to moderate AD and memantine
hydrochloride therapy in moderate to severe AD [16].
Behavioural management includes the control of psychosis
and agitation. Although atypical antipsychotic drugs have
gained widespread use in this regard, they lack approval from
the US Food and Drug Administration for this specific use. In
2005, the Food and Drug Administration required a black box
warning label on atypical antipsychotics used to treat elderly
patients with dementia because of unpublished data suggest-
ing an increased risk of mortality (http://www.fda.gov/cder/
drug/advisory/antipsychotics.htm). Other important aspects of
management are lifestyle changes (e.g. driving restrictions
[17]), caregiver burnout [18], and assisted living, legal
guardianship, and related interventions.

CHAPTER 19

Dementia treatment: let the evidence
lead us
Bart M. Demaerschalk, Bryan K. Woodruff, Richard J. Caselli
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Many controversies and uncertainties about the pathogen-
esis, diagnosis, and treatment of AD confront the clinician and
scientist and will continue to do so until mechanistic insights
translate into more effective clinical therapeutics. Evidence
will always be an important cornerstone of therapy, but it is
especially vital as long as therapeutic inefficacy fosters the
proliferation of witch doctors and snake-oil purveyors.

Framing of clinical questions

This chapter on evidence-based management of dementia
addresses five main clinical topics: (1) treatment of mild to
moderate dementia due to AD, (2) treatment of moderate to
severe dementia due to AD, (3) treatment of agitation in
dementia, (4) treatment of VaD and vascular cognitive impair-
ment (VCI), and (5) complementary therapy in dementia. The
topics are similarly structured, with a clinical patient scenario
that has been converted into a focused answerable PICO
(patient or problem, intervention, comparison intervention,
and outcomes) model question. For each question, a critically
appraised topic review is presented. The review outlines the
clinical bottom-line or take-home summary message, then
delves into the evidence itself, a short summary of the results,
and a commentary.

Search strategy

Given that all five main clinical topics concern therapy, the
general search strategy was to look first for systematic reviews
and meta-analyses of randomized-controlled trials in the
Cochrane Library, the Cochrane Database of Reviews of
Effectiveness, and MEDLINE. When necessary, individual 
randomized-controlled trials in the Cochrane Registry and
MEDLINE were sought next.

Critical review of the evidence for each
question

1. Treatment of mild to moderate dementia 
due to AD
Is pharmacological treatment effective for mild to moderate demen-
tia due to AD?

Cholinesterase inhibitors (e.g. donepezil hydrochloride, rivastig-
mine tartrate, and galantamine hydrobromide) and, more
recently, memantine have been approved for treatment of cog-
nitive deterioration in patients with dementia due to AD.
Numerous studies have evaluated the efficacy of these agents,
and a recent systematic review allows detailed analysis of the
efficacy of the different available therapies (Table 19.1).

Clinical scenario
A 69-year-old woman presents with her daughter for evalu-
ation of progressive memory loss identified during the past
year. She has forgotten several social engagements and

appointments and frequently repeats herself, according to her
daughter. She is also bothered by word-finding difficulties.
Her daughter also notes that she has made several errors
managing her household finances. She is having increasing
difficulty finding her way around her community when driv-
ing. Her neurologic examination is unremarkable aside from
memory and orientation difficulties on an office mental status
assessment. Magnetic resonance imaging of the brain shows
mild generalized cerebral atrophy, and routine laboratory
studies are unrevealing. Formal neuropsychologic assessment
shows severe deficits with learning and recall of verbal and
nonverbal material. She also demonstrates moderate anomia
and deficits in cognitive flexibility consistent with early-onset
dementia. You diagnose her with AD, and she and her daugh-
ter ask what treatments are available.

Donepezil
Clinical bottom line
• Global assessment: Donepezil (10 mg/d) benefits the global
clinical state compared with placebo, as measured by the 7-
point Clinician’s Interview-Based Impression of Change, plus
caregiver input (CIBIC-Plus) scale (number needed to treat
(NNT), 8; 95% confidence interval (CI), 6–15).
• Cognition: Donepezil (10 mg/d) produces benefit in cognitive
function compared with placebo, as shown by improvement in
the Alzheimer Disease Assessment Scale–Cognitive Subscale
(ADAS-Cog) (weighted mean difference (WMD), �2.92; 95%
CI, �3.74 to �2.1) at 24 weeks.
• Activities of daily living: Donepezil (10 mg/d) shows benefit
in activities of daily living (ADL) compared with placebo, as
shown by improvement in the Progressive Deterioration
Scale (mean difference, 3.8; 95% CI, 1.7–5.9) at 12, 24, and
52 weeks.
• Side effects: More adverse events were observed in the treat-
ment groups compared with the placebo group (number
needed to harm (NNH), 20; 95% CI, 10–163). The highest
frequencies were in the groups receiving donepezil 10 mg per
day. Withdrawals at 12 weeks were also more common in
treatment groups (NNH, 12; 95% CI, 7–52).

Evidence
In 13 included studies [19], patients with AD were treated
with donepezil (5–10 mg/d) for 12–52 weeks. Their outcomes
were compared with those of patients receiving placebo.

Study design
Seven studies were multicentre, randomized, double-blind
parallel-group studies. One study was a crossover study.
Primary outcomes were changes in global clinical state, cog-
nition, or ADL. Secondary outcomes were adverse events.

Summary of results
The results of 13 trials demonstrated the apparently dose-
related beneficial effect of donepezil versus placebo on 
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Table 19.1 Efficacy and harm of cholinesterase inhibitors for mild to moderate dementia due to AD (Refs [19–21])*.

Intervention Outcome Follow-up Treatment Placebo WMD Relative Absolute risk NNT or Comment
(dosage) time number/ number/ (95% CI) risk reduction % NNH 

total (%) total (%) (95% CI) (95% CI) (95% CI)

Donepezil Global rating‡ 6 months 97/390 53/409 – 1.92 12% 8 Donezepil better
(10 mg/d) (25) (13) (1.42–2.61) (7–17) (6–15)

ADAS-Cog§ 6 months 404 417 2.9 – – – Donezepil better
(3.7–2.1)

ADL score** 12 months 136 140 3.8 – – – Donezepil better
(1.7–5.9)

Withdrawals† 6 months 171/725 146/735 – 1.19 4% 25 Donezepil worse 
(23) (20) (0.98–1.44) (ns) (ns)

Adverse 6 months 99/711 67/721 – 1.50 5% 20 Donezepil worse
events†† (14) (9) (1.12–2.00) (1–8) (12–100)

Galantamine Global rating^ 3–6 months 770/1110 526/959 – 1.17 14% 7 Galantamine better
(24 mg/d) (69) (55) (1.26–1.35) (10–18) (5–10)

ADAS-Cog#§ 6 months 170/498 96/553 3.1 1.96 17% 6 Galantamine better
(34) (17) (2.6–3.7) (1.58–2.44) (12–22) (5–9)

ADL score** 6 months 212 235 2.3 – – – Galantamine better
(0.6–4.0)

Withdrawals† 6 months 173/705 116/714 – 1.51 8% 12 Galantamine worse
(25) (16) (1.22–1.17) (4–12) (8–25)

Adverse 6 months 107/705 55/714 – 1.96 7% 14 Galantamine worse 
events†† (15) (8) (1.44–2.67) (4–11) (9–25) Mostly gastrointestinal

Rivastigmine Global rating‡ 6.5 months 258/973 164/839 – 1.09 7% 14 Rivastigmine better
(6–12 mg/d) (27) (20) (1.04–1.15) (3–11) (9.2–32.2)

ADAS-Cog#§ 6.5 months 176/1054 76/863 – 1.07 8% 12 Rivastigmine better
(17) (9) (1.04–1.12) (3–10) (9–20)

ADL score** 6.5 months 1048 864 2.2 – – –
(1.1–3.2)

Withdrawals† 6.5 months 367/1052 145/868 – 1.97 18% 5.5 Rivastigmine worse
(34) (16) (1.66–2.33) (13–20) (4.5–7.0)

Adverse 6.5 months 257/1052 74 /868 – 2.75 16% 6 Rivastigmine worse
events†† (24) (8) (2.16–3.50) (12–19) (5–8)

CI: confidence interval; WMD: weighted mean difference; NNT: number needed to treat; NNH: number needed to harm; ns: not statistically significant.
*Non-head-to-head comparison among agents. ‡Those showing improvement or ^no change or improvement on Clinician’s Interview-Based Impression of Change, plus caregiver input (CIBIC-
Plus); §ADAS Cog Alzheimer’s Disease Assessment Scale–Cognitive Subscale (ADAS-Cog) scores for treatment compared with placebo; #Less than 4 points improvement on ADAS-Cog; **ADL,
activities of daily living; Progressive Deterioration Scale scores for treatment compared with placebo; †Withdrawals any raisons; ††Withdrawals due to adverse events
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cognitive function and measures of global clinical state at 
12, 24, and 52 weeks. For treatment lasting longer than 
12 weeks, there is no difference between donepezil and
placebo in the number of patients leaving the trials. There
are more adverse events overall in the donepezil groups.

Galantamine
Clinical bottom line
• Global assessment: Review of seven trials favour treatment
(24 mg/d) in observed case and intent-to-treat (ITT) analyses at
3 months and 6 months. Outcome measures were CIBIC-plus
and Alzheimer Disease Cooperative Study–Clinical Global
Impression of Change (NNT, 7; 95% CI, 5–10).
• Cognition: The analyses favour treatment (24 mg/d) in
observed case and ITT analyses at 6 months. Outcome meas-
ures were the ADAS-Cog, the European ADAS-Cog, or the
expanded ADAS-Cog (NNT, 6; 95% CI, 5–9).
• Activities of daily living: A significantly smaller decrease in
the Alzheimer Disease Cooperative Study – ADL score was
reported for galantamine 16 mg/d compared with placebo
(3.1 points; 95% CI, 1.6–4.6) and 24 mg/d (2.3 points; 95%
CI, 0.6–4.0).
• Side effects: In general, galantamine appeared to be well
tolerated. As expected, gastrointestinal side effects were
more common in the treatment groups and in a dose-related
fashion. For example, the odds ratio for nausea ranged from
2.9 (95% CI, 1.7–5.3) for 16 mg per day to 4.6 (95% CI,
3.0–7.0) for 32 mg per day.

Evidence
In seven included studies [20], patients with AD were
treated with galantamine (�8 mg/d) for 3, 5, or 6 months
compared with patients treated with placebo.

Study design
All included trials were parallel group designs. Primary out-
comes were change in global clinical state, cognition, and
ADL. Secondary outcomes were adverse events.

Summary of results
The results of seven trials demonstrated the beneficial effect of
galantamine, with subjects showing efficacy on global ratings,
cognitive tests, and assessments of ADL. The adverse event
profile of galantamine resembles that of other cholinesterase
inhibitors with respect to cholinergically mediated gastroin-
testinal tract symptoms. There appears to be a dose-response
relationship for these adverse events, with doses of 32 mg per
day associated with an increased incidence of withdrawal
from the study.

Rivastigmine
Clinical bottom line
• Global assessment: A review of eight included trials [21]
favoured treatment by ITT analyses for rivastigmine (6–12 mg/d

for 12–26 weeks). Treatment benefit was demonstrated at 6
months on the CIBIC-Plus (NNT, 14; 95% CI, 9–32).
• Cognition: The analyses favoured 6-month treatment. The
outcome measure was the ADAS-Cog (NNT, 13; 95% CI,
9–20).
• Activities of daily living: Improvement was noted in the
Progressive Deterioration Scale score at 26 weeks (WMD,
�2.2; 95% CI, �3 to �1).
• Adverse effects or withdrawals: Increased adverse effects
(NNH, 8; 95% CI, 7–11) and withdrawals (NNH, 6; 95% CI,
5–7) in the treatment group (rivastigmine 6–12 mg).

Evidence
AD patients were treated with rivastigmine (6–12 mg) for
12–26 weeks and compared with patients treated with
placebo.

Study design
All trials were randomized, double-blind, parallel-group,
placebo-controlled studies. Primary outcomes were change
in global clinical state, cognition, and ADL. Secondary out-
comes were adverse events and withdrawals.

Summary of results
Results demonstrated the beneficial effect of rivastigmine on
global ratings, cognitive tests, and ADL. The adverse event
profile of rivastigmine is similar to that of other cholinesterase
inhibitors, with an increase in adverse events at 6 months
compared with placebo. Dropouts were also more common in
the treatment group at 6 months.

2. Treatment of moderate to severe dementia 
due to AD
Is pharmacological treatment effective in treating moderate to severe
dementia due to AD?

Cholinesterase inhibitors have been the mainstay of demen-
tia therapy for years but were approved only for treatment
of mild to moderate dementia. Memantine hydrochloride,
an N-methyl-D-aspartate (NMDA) receptor antagonist, has
been approved more recently for moderate to severe demen-
tia due to AD (Table 19.2).

Clinical scenario
An 85-year-old man with a 5-year history of progressive
cognitive decline was diagnosed with AD about 3 years ago
and is being treated with a stable dose of a cholinesterase
inhibitor. He is generally pleasant and cooperative but
requires constant supervision because of a tendency to wan-
der. He requires prompting for bathing and toileting. His
wife would like to continue caring for him at home but finds
that she is having difficulty keeping up with all the house-
hold and caregiver responsibilities. She asks if there is any
other treatment available for his dementia.
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Memantine
Clinical bottom line
• Global assessment: A review of three trials favoured 
treatment at 6 months. Outcome was measured by the
CIBIC-Plus (WMD, 0.28 points improvement; 95% CI,
0.15–0.41).
• Cognition: The analyses favour treatment at 6 months. The
outcome measure was the Severe Impairment Battery
(WMD, 2.97 points improvement; 95% CI, 1.68–4.26).
• Activities of daily living: A smaller decrease in the Alzheimer
Disease Cooperative Study – ADL score was reported for
patients treated with memantine versus placebo (WMD,
1.27 points; 95% CI, 0.44–2.09).
• Behaviour: Patients taking memantine had significantly less
worsening of mood and behaviour at 6 months. The out-
come measure was the Neuropsychiatric Inventory (WMD,
�2.76 points; 95% CI, �0.88 to �4.63).
• Side effects: Aside from fewer reports of agitation with
memantine (NNT, 16.2; 95% CI, 9.5–54.6), there were no
significant differences in adverse effects between meman-
tine and placebo. Memantine was well tolerated, with fewer
dropouts (NNT, 13; 95% CI, 8–44).

Evidence
Patients with moderate to severe AD were treated with
memantine for 6 months and compared with patients treated
with placebo.

Study design
All trials were parallel-group designs lasting 6 months. Primary
outcomes were change in global clinical state, cognition, ADL,
and behaviour. Secondary outcomes were adverse events.

Summary of results
Three trials studying different doses of memantine (10–30 mg/d)
demonstrated beneficial effects on global ratings, cognition,
ADL, and behaviour.

3. Treatment of agitation in dementia
Which pharmacological treatment effective in controlling agitated
behaviour in patients with dementia?

Agitated behaviour in patients with AD or other forms of
dementia is a common problem that often determines the
timing of a transition to a skilled care facility as caregivers
become overwhelmed with attempting to cope with the
behaviour. Behavioural problems may include delusions,
restlessness, aggression (verbal and physical), and anger.
Several medications have been used to manage agitated
behaviour in dementia. This section reviews the data avail-
able about the efficacy of some common therapies.

Clinical scenario
A 78-year-old man with a 2-year history of progressive decline
in memory and other cognitive functions has a diagnosis of
AD. In recent months, he has become increasingly agitated,
with episodes of verbally aggressive behaviour directed at
his wife. He accuses her of infidelity when she leaves the
house for any length of time, and he is convinced that his
family is conspiring against him. Although there have been
no physical altercations, he has thrown objects during his
more agitated episodes. The patient has no history of psychi-
atric illness and was previously considered to be pleasant
and soft-spoken. Routine laboratory tests demonstrated no
major abnormalities, and repeat imaging of the brain is
notable only for its identification of generalized cerebral

Table 19.2 Efficacy and harm of memantine for severe dementia due to AD.

Outcome Placebo, Memantine, Difference
number of number of 

Weighted Absolute, % NNT or P valuepatients patients
mean (95% CI) (95% CI) NNH (95% CI)

CIBIC-Plus 477 487 0.28 (0.15 to 0.41) NA NA �0.001
SIB 484 492 2.97 (1.68 to 4.26) NA NA �0.001
ADCS-ADLsev 485 493 1.27 (0.44 to 2.09) NA NA 0.003
NPI 462 474 2.76 (�0.88 to �4.63) NA NA 0.004
Adverse events 88/499 (18)* 58/506 (11)* NA 6 (1.8–10.5) 16.2 (9.5–54.6) 0.005
(agitation)
Dropout rate 139/499 (28)* 103/507 (20)* NA 7.5 (2.3–12.8) 13.3 (7.8–43.9) 0.005

ADCS-ADLsev: Alzheimer Disease Cooperative Study–Activities of Daily Living, adapted to assess severe impairment; CI: confidence interval; 
CIBIC-Plus: Clinician’s Interview-Based Impression of Change, plus caregiver input; NA: not applicable; NNH: number needed to harm; NNT: 
number needed to treat; NPI: Neuropsychiatric Inventory; SIB: Severe Impairment Battery; WMD: weighted mean difference.
* Values are number/total (%).
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atrophy. The patient’s wife and children are concerned
about the sustainability of his current living situation and
ask how to deal with these behavioural problems.

Haloperidol
Clinical bottom line
• No benefit was found for haloperidol for behavioural
symptoms (Behaviour Pathology in Alzheimer Disease
Rating Scale, Brief Psychiatric Rating Scale, or Behavioural
Syndromes Scale for Dementia) or for agitation (Cohen–
Mansfield Agitation Inventory or Behavioural Syndromes
Scale for Dementia) in four trials [22,23]. In three trials,
benefits (standardized mean difference, �0.31; 95% CI,
�0.49 to �0.13) were noted for treatment of aggression
(irritability or aggressiveness subscore on the Multidimen-
sional Observation Scale for Elderly Subjects, physical
aggression item on the Behavioural Syndromes Scale for
Dementia, and aggressiveness subscore on the Behaviour
Pathology in Alzheimer Disease Rating Scale – AD).
• In trials providing data, no benefit was noted in global
clinical state (Clinician’s Global Impression of Change) or
ADL (physical or instrumental ADL).
• An increase in the adverse event rate and dropouts (NNH,
10.2; 95% CI, 5.7–45) was noted in the treatment groups
compared with placebo.

Evidence
The studies reviewed outcomes in outpatients, hospitalized
patients, and institutionalized patients with AD dementia
being treated for behavioural problems with varying doses
of haloperidol compared with outcomes for placebo, tra-
zodone hydrochloride, risperidone, tiapride, or fluoxetine
hydrochloride. The studies were of different durations.

Study design
The five trials included three multicentre, randomized, double-
blind, placebo-controlled, parallel-group studies of differing
duration; one randomized, double-blind, placebo-controlled,
crossover study; and one randomized, double-blind, placebo-
controlled, parallel-group study. Primary outcomes were
global improvement (Clinical Global Improvement Scale),
control of behavioural symptoms (Behaviour Pathology in
Alzheimer Disease Rating Scale, Brief Psychiatric Rating
Scale, and Behavioural Syndromes Scale for Dementia),
reduced agitation (Consortium to Establish a Registry for
Alzheimer Disease, Behavioural Rating Scale for Dementia,
Cohen–Mansfield Agitation Inventory, Agitated Behaviour
Inventory for Dementia, Schedule for Affective Disorders
and Schizophrenia, Brief Psychiatric Rating Scale, and
Multidimensional Observation Scale for Elderly Subjects
irritability or aggressiveness subscores), and functional sta-
tus (the Physical Self-Maintenance Scale and the instrumen-
tal ADL scale). Secondary outcomes were adverse events
and dropout rates.

Trazodone
Clinical bottom line
• Global assessment: Thirty-four percent of participants [24]
improved relative to baseline (Alzheimer Disease Cooperative
Study–Clinician’s Global Impression of Change). There were
no significant differences between treatment and placebo
groups.
• Behavioural disturbance: Behavioural disturbance was meas-
ured by the Agitated Behaviour Inventory for Dementia, the
Consortium to Establish a Registry for Alzheimer Disease–
Behavioural Rating Scale for Dementia, and the Cohen–
Mansfield Agitation Inventory. There were no statistically sig-
nificant differences between treatment (trazodone, mean
dose 200 mg/d) and placebo groups from baseline to 16 weeks.
• Function: Measures of the Physical Self-Maintenance Scale
and the instrumental ADL showed no statistically significant
differences between trazodone and placebo.
• Caregiver burden: There were no statistically significant dif-
ferences between trazodone and placebo in either of the two
scales (Screen for Caregiver Burden–objective and Screen
for Caregiver Burden–subjective and Revised Memory and
Behaviour Problems Checklist).
• Cognition: Analyses revealed worsening of cognitive func-
tion, as measured by change from baseline in Mini-Mental
State Examination score (WMD, �1.69; 95% CI, �3.18 to
�0.20), for trazodone compared with placebo at 16 weeks.
• Adverse events: Analysis of individual adverse symptoms
showed no significant differences between the trazodone
and placebo groups.

Evidence
Outpatients with probable AD and agitated behaviour who
lived at home were treated either with trazodone or placebo.

Study design
Multicentre, double-blind, randomized studies compared
trazodone with placebo. The trials varied by inclusion and
exclusion criteria. Primary outcomes were global assess-
ment, behavioural disturbance, functional status, caregiver
burden, and cognitive function. Secondary outcomes were
adverse events and dropouts.

Summary of results
There was no statistically significant difference between the
placebo and treatment groups on any outcome measure,
aside from lower MMSE scores in the treatment group at 
16 weeks.

Valproic acid
Clinical bottom line
• Global assessment (Clinical Global Improvement Scale): The
results of two studies [23] could not be interpreted, and the
third showed no benefit relative to placebo.
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• Behavioural Disturbance (Agitation and Aggression)
(Cohen–Mansfield Agitation Inventory, Social Dysfunction
and Aggression Scale – 9, Clinical Global Improvement
Scale, Nurses’ Observation Scale). For agitation, the results
of two studies [23] could not be interpreted, and the third
showed no benefit relative to placebo. No study showed
benefit of treatment versus placebo for aggression.
• Tolerability or adverse events: In one study [23], 54% of
treated patients versus 29% of control patients dropped out
because of adverse effects, prompting discontinuation of the
study. In another study [23], no significant difference in
adverse effects was noted between treatment and placebo
groups. In the third study [23], 68% of treated patients
experienced adverse effects compared with 33% of the
placebo group, although no adverse effects prompted with-
drawal. Overall, high-dose divalproex sodium (median dose,
1000 mg/d) was associated with an unacceptable frequency
of adverse effects.

Evidence
Institutionalized patients with dementia and agitated behav-
iour were treated either with valproic acid or placebo.

Study design
One study [22,23] involved delayed-release divalproex sodium
tablets versus placebo titrated over 6 weeks. Another study
involved administration of a fixed dose of sodium valproate
over 3 weeks. The last study [23] involved rapid-acting dival-
proex sodium titrated over 6 weeks by a nonblinded physi-
cian with results reviewed by blinded reviewers. Outcome
measures were effects on behavioural disturbance (agitation,
aggression, and mania), overall functional status, adverse
events, tolerability, and safety.

Summary of results
High-dose divalproex sodium (median dose, 1000 mg/d) is
not tolerated in this patient population, and low-dose dival-
proex sodium (480 mg/d) is ineffective for agitation. Meta-
analysis of efficacy in treating agitation and aggression was
not feasible given variations in methods, type of valproic acid,
duration of treatment, and patient assessment methods.

Others
Although atypical antipsychotics such as risperidone, olan-
zapine, and quetiapine fumarate have been used in clinical
practice to manage behavioural symptoms of dementia,
there are insufficient data in the medical literature to evalu-
ate its efficacy of these medications. Although atypical
antipsychotics are generally viewed as better tolerated than
typical neuroleptics such as haloperidol, they lack safety and
tolerability and their use in a dementia population mandates
further study. There is an active protocol in the Cochrane

Database of Systematic Reviews to evaluate the efficacy of
such medications for dementia-related agitation.

4. Treatment of VaD and vascular cognitive
impairment
Is pharmacological treatment effective for patients with VaD?

Stroke and dementia increase exponentially with the aging
of the population [25]. How they relate is less well under-
stood. Stroke may result in VCI and VaD, but brain ischaemia
may also worsen the cognitive effects of AD [26–28]. As
longevity increases, the damaging effects of cerebrovascular
disease on cognition are expected to become the main cause
of dementia in elderly persons [29].

VaD (formerly multi-infarct dementia) is defined clinically
by the sudden onset of cognitive decline, stepwise deterior-
ation, and focal neurologic findings [30]. The concept of VaD
has been broadened to encompass all forms of cognitive loss
due to cerebrovascular disease under the nosology of VCI
[31–33]. VaD is the second most common form of dementia
after AD, accounting for approximately 20% of dementia
cases worldwide.

The numerous subtypes of VaD include poststroke VaD,
which is characterized by abrupt onset of focal neurologic
signs and symptoms, along with cortical cognitive impair-
ments such as aphasia, apraxia, or agnosia [30]. Single-infarct
dementia occurs when a small but strategically located infarct
(e.g. in the thalamus, basal forebrain, or caudate) produces an
acute VaD [34]. Subcortical ischaemic VaD is a common form
of VaD resulting from small-vessel disease, lacunar infarc-
tions, and white matter ischaemia [35]. Mixed AD with cere-
brovascular disease is termed mixed dementia [36].

Secondary stroke prevention strategies are indicated for
patients with a VaD diagnosis. These strategies should include
early diagnosis of cerebral infarction, determination of mech-
anism (large-artery atherosclerosis, cardioembolism, small-
vessel disease, or any combination of the three, or other),
carotid endarterectomy, angioplasty or stenting or both (when
indicated), anticoagulation with warfarin (when indicated),
antiplatelet therapy, and management of hyperlipidaemia,
hypertension, diabetes mellitus, smoking, elevated homocys-
teine, obesity, diet, and exercise.

Cholinergic deficits are well documented in VaD, independ-
ent of any concomitant AD pathology [37]. Cholinergic struc-
tures (e.g. basal forebrain cholinergic nuclei and hippocampal
CA1 neurons) are vulnerable to ischaemic damage [38]. Forty
percent of VaD patients examined neuropathologically have a
loss of cholinergic neurons with reduced acetylcholine activity
in the cortex, hippocampus, striatum, and cerebrospinal fluid
[39]. Therefore, it is not surprising that three of the acetyl-
cholinesterase inhibitors approved for AD (donepezil, galanta-
mine, and rivastigmine), have also been used for VaD [40,41].

Glutamate is the principal excitatory amino acid neurotrans-
mitter in cortical and hippocampal neurons. Accumulating
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evidence suggests that the cortical neuronal loss underlying
dementia may be related to an increased sensitivity to gluta-
mate or to sustained increases in glutamate levels [42].
Glutamate exposure leads to a cumulative influx of calcium
into neurons, impaired homeostasis, and, eventually, neu-
rodegeneration resulting in cell death. One receptor acti-
vated by glutamate is the NMDA receptor, which is involved
physiologically in learning and memory [43]. Because exces-
sive NMDA stimulation induced by ischaemia leads to excito-
toxicity, agents that block pathologic stimulation of NMDA
receptors might protect against further cortical neurodegen-
eration in patients with VaD while the physiologic function
of the remaining neurons could be restored, resulting in
symptomatic improvement [44]. Memantine is an NMDA
receptor antagonist with few side effects that has therapeutic
potential in numerous central nervous system disorders.
Memantine also appears to reduce neuronal damage in
global and focal animal models of brain ischemia [45].

Clinical scenario
A 78-year-old, right-handed, white woman presents with
stepwise cognitive decline over the previous 2 years and a
history of stroke, coronary artery disease, hypertension, and
hyperlipidaemia. Brain imaging discloses multiple chronic
cerebral infarctions. You diagnose VaD. She has difficulties
with ADL. Her family asks what can be done for cognitive
complaints beyond secondary stroke prevention.

Donepezil
Clinical bottom line
Donepezil demonstrated statistically significant improvement
in cognitive function, clinical global impression, and ADL
compared with placebo. Compared with placebo, donepezil
5 mg/d resulted in a greater proportion of patients improving
on the CIBIC-Plus measure (NNT, 10; 95% CI, 6–32). In
other words, 100 of 1000 patients treated for 6 months will
demonstrate improvement in global function. Compared
with placebo, donepezil 10 mg/d resulted in a greater propor-
tion of patients having adverse events (NNH, 20; 95% CI,
10–65) but donepezil 5 mg/d appeared to be well tolerated.

Evidence
Two large-scale clinical trials, donepezil 307 and 308, were
parallel-group, 24-week, double-blind, randomized placebo-
controlled multicentre trials with 603 and 616 subjects,
respectively (total, 1219) [46–48]. Patients with mild to mod-
erate cognitive decline due to probable VaD were recruited
and randomized to donepezil (5–10 mg) or to placebo. Vascu-
lar risk factors were treated medically but not standardized.
Approximately 80% of patients completed each study. A sys-
tematic review was conducted to assess the clinical efficacy
and tolerability of donepezil on cognitive function, clinical
global impression, ADL, and social functioning of people
with VCI [49]. Relevant randomized-controlled trials were

identified from a search of the Cochrane Dementia and
Cognitive Impairment Improvement Group Specialized
Register. Unpublished trial data were requested from pharma-
ceutical companies. Only unconfounded, randomized, dou-
ble-blind trials comparing donepezil with placebo were
eligible. Two reviewers applied inclusion and exclusion crite-
ria and extracted data, which were pooled where appropriate;
WMD or Peto odds ratios with 95% confidence intervals were
calculated. ITT analysis was undertaken whenever possible.

Summary of results
Proportion data were available for the CIBIC-Plus measure.
Calculations of relative risk increase, absolute risk increase,
and NNT were performed by combining data from studies
307 and 308. The outcome measure was the proportion of
patients experiencing mild, moderate, or marked improve-
ment on the CIBIC-Plus measure at the primary outcome
evaluation (24 weeks). In terms of cognitive function, the
donepezil groups showed statistically significantly better
performance than the placebo groups on the ADAS-Cog at
24 weeks. In terms of global function, participants taking a
5-mg/d dose showed improvement on the CIBIC-Plus (NNT,
10), but this improvement was not observed in the higher-
dose group. The sum of the boxes of the Clinical Dementia
Rating showed a statistically significant benefit of 10 mg/d
over both placebo and the lower dose. On the instrumental
ADL scale, there was no statistically significant difference
between the groups taking donepezil 5 mg/d and placebo,
but the 10-mg group showed benefit. A broad range of
adverse events was reported. In general, donepezil 5 mg/d
was well tolerated but the 10-mg dose resulted in signifi-
cantly more adverse events (especially gastrointestinal)
compared with placebo (NNH, 20) (Table 19.3).

Commentary
These two studies are the largest cholinesterase inhibitor
clinical trials thus far for VaD. Both studies were well
designed. Analysis was conducted of both the objective clini-
cal and the functional or quality-of-life factors. However, the
studies were relatively brief (24 weeks). The outcome meas-
ures considered relatively small increments of improvement
as statistically significant. Their clinical significance is uncer-
tain. Outcome measures were not VaD-specific but instead
were geared towards AD. Enrolled patients were required to
have stabilization of cerebrovascular disease and other
comorbid conditions before entering the study. These studies
were not powered for subgroup analysis (i.e. the ability to
differentiate between probable versus possible VaD and out-
comes of treatment. Most patients remained on the study
medication but adverse events (especially nausea) were more
common in the donepezil 10-mg group. The dropout rate
was similar between the groups: 84% of patients completed
the studies.
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Table 19.3 Treatments of vascular dementia (Refs [49–55])*.

Intervention Outcome Follow-up Treatment Placebo WMD Relative Absolute NNT or Comment
(dosage) time number/ number/ (95% CI) risk risk NNH 

total (%) total (%) (95%CI) reduction (95% CI)
% (95% CI)

Donepezil Global rating 6 months 148/398 105/382 – 1.35 10% 10 Donezepil better
(5 mg/d) improvement (37) (27) (1.10–1.67) (3– 15) (6–33)

ADAS-Cog§ 6 months 384 368 1.66 – – – Donezepil better
(2.40–0.92)

One or more 6 months 366/406 343/392 – 1.02 �2% 50 Donezepil worse 
adverse events (90) (87) (0.97–1.08) (ns) (ns)

Donepezil Global rating 6 months 119/397 105/382 – 1.09 7% 14 Donezepil better 
(10 mg/d) improvement (30) (27) (0.87–1.36) (ns) (ns)

ADAS-Cog§ 6 months 380 368 2.17 – – – Donezepil better
(2.97–1.37)

One or more 6 months 392/421 343/392 – 1.06 �6% 17 Donezepil worse
adverse events (93) (87) (1.02–1.11) (2–10) (10–50)

Galantamine Global rating‡ 6 months 213/288 95/161 – 1.25 �15% 7 Galantamine better 
(16–24mg/d) (74) (59) (1.08–1.45) (6–24) (4–16) Not statistically significant  

on sub-group with pure VaD
ADAS-Cog§ 6 months 357 186 2.29 – – – Galantamine better

(3.46–1.12)
Withdrawals† 6 months 102/396 33/196 – 1.53 �9% 11 Galantamine worse

(26) (17) (1.07–2.18) (2–16) (5–6)
One or more 6 months 330/396 133/196 – 1.23 �15% 7 Galantamine worse
adverse events (83) (68) (1.10–1.37) (8–23) (4–12)

Rivastigmine Insufficient evidence
Memantine NNT 13 (NS); NNH Safe and well tolerated
20 mg/d

CI: confidence interval; WMD: weighted mean difference; NNT: number needed to treat; NNH: number needed to harm; ns: not statistically significant.
*Non-head-to-head comparison among agents. ‡Those showing no change or improvement on Clinician’s Interview-Based Impression of Change, plus caregiver input (CIBIC-Plus); §ADAS Cog,
Alzheimer’s Disease Assessment Scale–Cognitive Subscale (ADAS-Cog) scores for treatment compared with placebo; †Withdrawals any raisons.
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Galantamine
Clinical bottom line
Galantamine (24 mg/d) significantly improved cognition (by
ADAS-Cog), disability (by Disability Assessment for Demen-
tia), and neuropsychiatric symptoms (by Neuropsychiatric
Inventory) compared with placebo. Compared with placebo,
galantamine (24 mg/d) resulted in a greater proportion of
patients remaining stable or improving on the CIBIC-Plus
measure (NNT, 7; 95% CI, 4–20). In other words, if 1000
patients are treated for 6 months, 140 fewer will suffer a
deterioration in cognition. Compared with placebo, galanta-
mine treatment resulted in a greater proportion of patients
having adverse events (NNH, 7; 95% CI, 4–13). NNH for
nausea and vomiting was 4 (95% CI, 3–6), and NNH for
subsequent withdrawal was 8 (95% CI, 6–11).

Evidence
Patients with probable VaD or with AD combined with cere-
brovascular disease were randomly assigned (2:1 ratio) to
galantamine 24 mg/d (N � 396) or placebo (N � 396) in an
international, multicentre, double-blind, 6-month trial [50].
Primary outcomes were cognition (ADAS-Cog) and global
functioning (CIBIC-Plus), and secondary outcomes were
assessments of ADL, behavioural symptoms, and adverse
events. A Cochrane Systematic Review protocol, Galantamine
for Vascular Cognitive Impairment, is not yet complete [51].

Commentary
The spectrum of patients and the diagnosis of disease were well
defined. Eligibility criteria appeared appropriate. Treatment
allocation was random and the randomization method was
explained. Not all patients were accounted for after random-
ization, with 23% lost to follow-up (17% taking placebo, 26%
taking galantamine). The two treatment groups had similar
baseline demographic characteristics. Patients, care providers,
and investigators were blinded and outcomes assessed in a
blinded fashion. Side effects and adverse events were explicitly
sought and estimates of their frequency and severity pre-
sented. The main analysis was stated as ITT but efficacy out-
comes appeared to be calculated and presented only for those
patients completing 6 months of therapy. CIBIC-Plus results
have been presented as they were in the paper but also recal-
culated and presented as if all those lost to follow-up had the
worst possible outcome (deterioration). The reanalysed CIBIC-
Plus results are no longer statistically significant. The magni-
tude of the treatment effect and its precision were given. A key
concern is the high proportion of patients lost to follow-up
with disproportionate representation of the two groups (treat-
ment and placebo). The ITT analysis appeared not to take into
account the lost patients (Table 19.3).

Rivastigmine
Clinical bottom line
There may be some benefit of rivastigmine for VCI; how-
ever, this conclusion is based on small studies comparing

rivastigmine to other treatments (not placebo) or using data
extrapolated from trials involving AD patients with vascular
risk factors of unclear significance.

Evidence
A Cochrane Systematic Review was conducted to assess the
efficacy of rivastigmine in the treatment of patients with VCI,
VaD, or mixed dementia [52]. Unfortunately, no suitable
unconfounded randomized double-blind trials were identified.

Summary of results
Placebo-controlled trials of VaD patients are not yet com-
plete. Post hoc data from large placebo-controlled trials in AD
patients with arbitrarily defined vascular risks showed that
patients who possessed additional vascular risks responded
better cognitively to high-dose rivastigmine compared with
patients without vascular risks. Small, open-label studies of
patients with subcortical dementia comparing rivastigmine to
aspirin or to aspirin and nimpodipine showed significant
benefits with rivastigmine in measures of executive function-
ing, verbal fluency, ADL, behaviour, and depression.

Commentary
Using markers of vascular risk, such as hypertension, in AD
patients as a surrogate for VCI is simplistic and invalid.
Available studies of VCI patients are small, unblinded, and
not placebo controlled. Further trials are required before
rivastigmine can be recommended for treatment of VaD.

Memantine
Clinical bottom line
Two 6-month studies of patients with mild to moderate VaD
showed that memantine improved cognition (ADAS-Cog,
1.85 points; 95% CI, 0.88–2.83; P � .001) and behaviour
(0.48 points, 95% CI, 0.06–0.91; P � 0.03). However, these
findings were not supported by clinical global measures or
assessments of ADL. There was significantly less agitation
with memantine than with placebo (odds ratio, 0.54 (95%
CI, 0.31–0.96); P � 0.04; NNT, 30 (95% CI, 15–377)).
Memantine is well tolerated.

Evidence
A Cochrane Systematic Review was conducted to determine
the efficacy and safety of memantine for patients with AD,
VaD, and mixed dementia [53]. Two large, multicentre, 
28-week trials compared memantine (20 mg/d) with placebo:
MMM 300 (609 patients) and MMM 500 (1127 patients)
[54,55].

Summary of results
Compared with placebo, memantine produced no difference
in clinical global impression (WMD, 0.03; 95% CI, �0.13–0.19;
P � 0.72). Both studies provided ADAS-Cog data, and the
change at 28 weeks from baseline showed statistically signifi-
cant improvement with memantine (ADAS-Cog, 1.85 points;
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95% CI, 0.88–2.83; P � 0.001). There were no differences in
ADL on the self-care subscale of the Nurse Observation Scale
for Geriatric Patients (0.12 points; 95% CI, �0.43–0.67;
P � 0.66). There was significantly less agitation with meman-
tine than with placebo (odds ratio, 0.54 (95% CI, 0.31–0.96);
P � 0.04; NNT, 30 (95% CI, 15–377)). The disturbing behav-
iour subscale of the Nurse Observation Scale for Geriatric
Patients identified less disturbed behaviour in the memantine
group (0.48 points compared with placebo; 95% CI, 0.06–0.91;
P � 0.03). The dropout rates and numbers of patients with
adverse events, dizziness, or confusion were similar for the
treatment and placebo groups.

Commentary
The two available trials appear to be of high quality.
Unfortunately, the beneficial effect of memantine on cogni-
tion in patients with mild to moderate VaD was not clinically
discernible at 6 months.

Aspirin
Clinical bottom line
A Cochrane Systematic Review reported that there were no
randomized-controlled trials investigating aspirin for VaD
[56]. As yet, there is still no evidence that aspirin is effective
for VaD. Generally, though, these patients already have an
approved indication for aspirin (or other antiplatelet agent).

5. Complementary therapy in dementia
Is complementary therapy efficacious and safe for treatment of
patients with dementia or cognitive decline?

Complementary and alternative medicine may help treat cer-
tain forms of dementia and related symptoms or slow disease
progression by ameliorating disturbances in cognition, mood,
sleep, and ADL. Suggested mechanisms of action include mod-
ifications in neurotransmitter synthesis, inhibition of neuro-
transmitter reuptake and enzyme-induced breakdown,
antioxidants, antiplatelet activity, enhanced blood flow, and
glucose metabolism. Many inconclusive studies of comple-
mentary and alternative medicines are characterized by
methodologic deficiencies such as small sample size, inad-
equate controls that are not randomized or blinded, short 
follow-up, and poor measurement strategies. If complemen-
tary interventions can be shown to be efficacious by using
more rigorous experimental designs, both patients and clini-
cians alike could avail themselves of a wider range of pharma-
cologic and nonpharmacologic therapies that may be better
tolerated and safer than some allopathic medicines [57–59].

Clinical scenario
A 72-year-old retired pharmacist presents with his daughter
for progressive memory loss identified in the preceding 2
years. He is forgetful, repeats himself frequently, and has diffi-
culty managing the household finances. His neurologic exam-
ination is unremarkable aside from cognitive impairment on

mental status assessment. Magnetic resonance imaging of his
brain simply demonstrates mild generalized atrophy, and the
findings of routine laboratory studies are within normal
ranges. He refuses to acknowledge his cognitive decline. You
diagnose dementia and explore treatment options. He will not
accept ‘dementia drugs,’ but is receptive to an over-the-
counter medication to assist with memory. What might be
available for him to try?

Ginkgo biloba
Ginkgo biloba is an extract of the maidenhair tree that has long
been used in China as a traditional medicine for various health
conditions. In many European nations, a standardized extract
is widely available for a broad range of conditions (e.g. mem-
ory and concentration problems, depression, anxiety, dizzi-
ness, tinnitus, and headache). The proposed mechanisms of
action are increased blood supply by dilation of blood vessels,
modification of neurotransmitter systems, and reductions in
blood viscosity and the density of oxygen-free radicals.

Clinical bottom line
Compared with placebo, ginkgo biloba appears to be safe
with no excess side effects. Ginkgo biloba �200 mg/d and
�200 mg/d resulted in clinical global improvement in
patients with acquired cognitive impairment at 12 weeks
(NNT, 2; 95% CI, 1–3) and at 24 weeks (NNT, 6; 95% CI,
3–37), respectively. Cognition, ADL, and measures of mood
and emotion also showed statistically significant benefit for
ginkgo biloba compared with placebo at 12 to 52 weeks.

Evidence
A Cochrane Systematic Review assembled all the relevant,
unconfounded, double-blind, placebo-controlled studies of
ginkgo biloba (of any strength) over any time period, in
patients with acquired cognitive impairment, including
dementia, of any severity [60]. For the meta-analyses, data
were based on reported summary statistics for each study.
Efficacy and safety results were presented.

Summary of results
Overall, there were no significant differences between ginkgo
biloba and placebo in the proportion of patients experien-
cing adverse events. Clinical global improvement (Clinical
Global Improvement Scale) was associated with a dose of
ginkgo that was less than 200 mg/d versus placebo at 12 weeks
and a dose greater than 200 mg/d at 24 weeks. Cognition,
ADL, and measures of mood and emotion also showed statis-
tically significant benefit for ginkgo compared with placebo
at 12 to 52 weeks.

Commentary
Most of the studies reported the analyses of data from 
participants who completed treatment. There were few
attempts at ITT analysis and no data on quality of life, meas-
ures of depression, or dependency. Many early trials were
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small and used unsatisfactory methods. The possibility of
publication bias in the systematic review could not be
excluded. Thus, there is still need for a large modern trial
that would permit ITT analysis to provide robust estimates of
the magnitude and precision of any treatment effects.

Homeopathy
Clinical bottom line
A Cochrane Systematic Review reported that no randomized-
controlled trials with a sample size of more than 20 existed
[61]. Since no studies were found that fulfilled criteria for
inclusion, no data were presented. This absence of evidence
makes it impossible to comment on the use of homeopathy
for dementia.

Folic acid and vitamin B12

Mild degrees of folate inadequacy, not severe enough to 
cause anaemia, are associated with increased homocysteine.
Increased homocysteine is linked to an increased risk of arter-
ial diseases, dementia in general, and AD. Folate inadequacy
might arise because of insufficient folates in the diet, inefficient
absorption, or deranged metabolic utilization of folates because
of genetic variations. There is an interest in whether or not
dietary supplements of folic acid can improve cognitive func-
tion of people with cognitive decline associated with aging or
dementia. There is some risk that folic acid given to patients
with an undiagnosed vitamin B12 deficiency may lead to neu-
rologic damage. The administration of folate would correct the
anaemia, resulting in a delay in diagnosis while neurologic
effects progress. Thus, trials of folic acid supplementation may
involve simultaneous administration of vitamin B12.

Clinical bottom line
A Cochrane Systematic Review identified four small, limited,
randomized, placebo-controlled, double-blind trials fulfilling
inclusion criteria [62]. Analysis of the trials found no benefit
from folic acid, with or without vitamin B12, compared with
placebo on any measures of cognition or mood for healthy
elderly persons, cognitively impaired persons, or persons with
dementia. Folic acid plus vitamin B12 was effective in redu-
cing serum homocysteine concentrations and was well toler-
ated with no reported adverse effects.

Dehydroepiandrosterone
Clinical bottom line
Four randomized trials met inclusion criteria. Three trials
studied cognition in normal elderly people, and one studied
cognition in perimenopausal women. There were no studies
in persons with dementia. Overall, the data offered no sup-
port for improvement in memory or other aspects of cogni-
tion after dehydroepiandrosterone treatment in healthy
older people. Because of the growing public enthusiasm for
dehydroepiandrosterone supplementation and the theoret-
ical possibility of a neuroprotective effect, high-quality trials
are needed [63].

Aroma therapy
Aroma therapy has been used, especially in the UK, for per-
sons with dementia for whom verbal interaction may be dif-
ficult and conventional medicine of marginal value. Other
reported uses are for dementia patients with behavioural
disturbances, sleep disorders, and amotivation.

Clinical bottom line
A Cochrane Systematic Review identified two randomized-
controlled trials of aroma therapy for dementia but usable
data could be extracted only from one of the two [64]. There
was, indeed, a statistically significant treatment effect in favour
of aroma therapy on measures of agitation and neuropsychi-
atric symptoms.

Acetyl-L-carnitine
Acetyl-L-carnitine (ALC) is described as having several prop-
erties that may be beneficial in dementia. These include activ-
ity affecting cholinergic neurons, membrane stabilization, and
mitochondrial function. Early studies suggested a beneficial
effect of ALC on cognition in aging patients, but later larger
studies did not support these findings. ALC is not currently in
routine clinical use.

Clinical bottom line
A Cochrane Systematic Review identified 16 double-blind,
randomized trials that compared ALC with placebo in persons
with mild to moderate dementia [65]. ALC showed some
benefit as evidenced on clinical global impression and on
MMSE at 24 weeks, but there was no supportive evidence
from any other objective assessments in any other realm of
cognition or behaviour. Given the large number of statistical
comparisons, the significant results might be due to chance
alone. There is no current evidence to recommend routine
use of ALC in clinical practice.

Nicotine
Nicotine is a cholinergic agonist that also releases acetyl-
choline presynaptically. Observational studies have suggested
a protective effect of smoking against AD, but more recent
studies have called this conclusion into question.

Clinical bottom line
A Cochrane Systematic Review identified only a single
unconfounded, double-blind, randomized trial that met
inclusion criteria, but the results were not presented in a way
that allowed further analysis [66]. Therefore, the review pro-
vided no evidence that nicotine is either an effective or safe
treatment for AD.

Music therapy
Clinical bottom line
A Cochrane Systematic Review identified randomized-
controlled trials but the methodologic quality was generally

9780727918116_4_019.qxd  2/7/07  2:53 PM  Page 195



196 Part 3: Neurological diseases

poor and the study results could not be validated or pooled for
further analysis [67]. No useful conclusions could be drawn.

Phototherapy
Sleep-wake cycles are controlled by the endogenous circa-
dian rhythm generated by the suprachiasmatic nuclei of the
hypothalamus. In patients with dementia, degenerative
changes in the suprachiasmatic nuclei may be a biological
basis for circadian disturbances, which may be reversible by
light stimulation.

Clinical bottom line
A Cochrane Systematic Review identified five randomized-
controlled studies that met inclusion criteria, but the neces-
sary data could be extracted from only three of them [68].
The review found no adequate evidence of effectiveness of
bright-light therapy for managing sleep, behaviour, mood,
or cognitive disturbances associated with dementia.

Lecithin
AD patients may lack the enzyme responsible for converting
choline into acetylcholine within the brain. Lecithin is a
major dietary source of choline, and extra consumption of it
may reduce disease progression.

Clinical bottom line
A Cochrane Systematic Review identified 12 random-
ized trials involving a total of 376 patients with AD,
Parkinsonian dementia, or subjective memory decline [69].
No clinical trials reported any clear benefit of lecithin for AD
or dementia associated with Parkinsonism. Lecithin had 
a dramatic result in a single trial of patients with subjective
memory decline. Overall, however, the evidence does not
support the use of lecithin for treatment of patients with
dementia.

Conclusion

Beginning, as always, with familiar clinical scenarios and
vignettes, this evidence-based review of therapies for
dementia has carefully outlined the central clinical ques-
tions related to treatment of dementia due to AD, treatment
of agitation in dementia, treatment of VaD and VCI, and
complementary therapies. We have emphasized the clinical
bottom-line messages to better equip clinicians to combine
this best evidence with their own clinical experience and the
wishes of their patients for sensible answers during the clin-
ical decision-making process.
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Background

Parkinson’s disease (PD) is a neurodegenerative disorder of
the central nervous system resulting from neuronal loss in the
dopaminergic neurons of the substancia nigra pars compacta,
and subsequent loss of dopaminergic input to the striatum.
It is characterized clinically by the cardinal signs of asymmet-
rical bradykinesia, rest tremor, rigidity, and postural instabil-
ity [1], though non-motor symptoms such as dementia,
depression, pain, sleep disorders, and dysautonomia occur
frequently, mainly with advanced stages of disease [1,2].

PD is one of the most common neurodegenerative dis-
orders, its prevalence increasing with age. Age adjusted
prevalence is 1%, rising to 3.5% at age 85–89 years [3,4]. It
occurs worldwide with equal incidence in male and female,
and the mean age of onset is 65 years [3,4]. It is more com-
mon in whites than in those of Asian or African descent
though interracial variability remains to be established [5].

The cause is unknown and actually PD is not regarded as a
single disease and may represent different conditions with a
common final pathway [1]. No clear environmental risk fac-
tors have been identified and 10–15% of PD patients will have
an affected first-degree or second-degree relative [6,7]. First-
degree relatives of patients may have twice the risk of develop-
ing the disease compared to the general population [8,9].

Although the diagnosis can be straightforward in patients
with typical presentation and excellent response to levodopa,
the differential diagnosis with other forms of Parkinsonism
and essential tremor can be very difficult [1], and error rates
of 24% have been found in some studies [10]. The use of
clinical criteria (ex: UK Parkinson’s Disease Brain Bank cri-
teria) greatly improves diagnosis, but even then the diagno-
sis of 10% of patients will be changed after necropsy [11].

Available treatment for PD is only symptomatic, and disabil-
ity from PD is progressive. There is an increased risk of mortal-
ity when compared to matched controls (relative risk (RR)
ranging from 1.6 to 3.0) [12], and in an Italian cohort study,
age at initial census was the main predictor of death [13].

Framing answerable clinical questions

1 In patients with early PD, how do the pharmacological
treatments change the UPDRS motor score and affect the

probability of motor fluctuations or dyskinesias? And which
is the risk for treatment withdrawal?
2 Among patients with PD and levodopa-induced motor
complications, how does the pharmacological treatments affect
the probability of improvement of motor fluctuations and
dyskinesias? Which is the risk of withdrawals?
3 Among patients with PD and levodopa-induced motor
complications, how does functional surgery affect the prob-
ability of improvement of motor fluctuations and dyskine-
sias? Which is the risk of withdrawals?
4 In patients with PD and psychosis, what is the benefit and
safety of clozapine, quetiapine and olanzapine for the treat-
ment of psychosis?
5 In patients with Parkinson’s disease dementia (PDD),
what is the benefit and safety of rivastigmine and donepezil
for the treatment of cognitive or behavioural disturbances?
Which is the risk of withdrawal?

Search strategy

Search strategy for finding evidence was done using elec-
tronic databases including Medline (1966–2005), EMBASE
(1974–2005) and The Cochrane Database of Systematic
Reviews, and checking of reference lists from three evi-
denced-based review reports [14–16].

Papers were selected for review if they met the following
inclusion/exclusion criteria: Inclusion criteria: (1) randomized
study; (2) non-randomized controlled or non-controlled,
prospective or retrospective study; (3) patients with a diag-
nosis of PD; (4) established scales for evaluating symptoms;
(5) �20 patients; (6) �4-week treatment period; (7) report
published in English language; (8) full paper citation; and
(9) original research. Exclusion criteria: (1) outcome measures
non-validated or unconventional; (2) duplicated reports;
(3) incomplete or uncertain length of follow-up; (4) non-
English publication; (5) report in the form of abstract or review;
and (6) patients with a diagnosis of Parkinsonism other than PD.

Some exceptions to these rules were applied:
1 When assessing the effect of dopamine agonists in treat-
ing motor complications, we excluded trials comparing dif-
ferent dopamine agonists head-to-head.
2 For surgical techniques, only studies concerning deep
brain stimulation (DBS) of the globus pallidus pars interna
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(GPi)or the subthalamic nucleus (STN), or pallidotomy were
included.
3 For surgical studies no sample size constraint was applied
for Level-I studies, but a minimum of 20 patients was main-
tained for Level-II and Level-III trials, and a period �3
months after surgery was required; studies were excluded if
levodopa was started for the first time during follow-up after
surgery.
4 For dementia studies, we excluded trials allowing for a
concomitant reduction of anti-Parkinsonian drugs dosage,
and we allowed to include a trial with �20 patients because
of premature stoppage.

Critical review of the evidence

1. Early PD
In patients with early PD, how do the pharmacological treatments
(MAO-B inhibitors, dopamine agonists, controlled-released lev-
odopa, and standard levodopa), compared to no treatment, placebo
or standard levodopa, change the UPDRS motor score and affect the
probability of occurrence of motor fluctuations or dyskinesias? And
which is the risk for treatment withdrawal?

The results of some studies are summarized in Table 20.1.

MAO-B inhibitors
The systematic review by Macleod et al. [17] included
randomized-controlled trials (RCTs) with treatment and fol-
low-up for at least 1 year. They identified nine trials for
selegiline and one for lazabemide compared with no treat-
ment or placebo, which comprised a total of 2422 patients
(mean Hoehn and Yahr scale 2) with a mean follow-up of 5.8
years, and with reasonable methodological quality. Previous
treatment with levodopa or agonists varied among studies.
To distinguish between a symptomatic effect and an effect
on disease progression, six studies included a washout
period. Data on deaths at the end of follow-up was available
for 2389 patients: results showed a non-significant increase in
deaths with MAO-B inhibitors (OR, 1.15; 95% CI, 0.92–1.44,
P � 0.21). Analysis of UPDRS motor score change in five trials
showed a highly statistical significant decrease in favour of
MAO-B inhibitors, although not clinically relevant, with a
weighted mean difference (WMD) of �3.81 (95% CI, �5.36
to �2.27, P � 0.00001). Analysis of UPDRS ADL score change
in five trials favoured treatment with MAO-B inhibitors
(WMD, �1.50; 95% CI, �2.53 to �0.48, P � 0.004),
though not clinically relevant. Fewer patients on MAO-B
inhibitors initiated levodopa at 1 year (combined OR from
three studies 0.53; 95% CI, 0.36–0.79, P � 0.01). Analysis
of data from five trials (all using selegiline, comprising 1319
patients) showed a statistical significant lower occurrence of
motor fluctuations with MAO-B inhibitors compared to
control (OR, 0.75; 95% CI, 0.59–0.94, P � 0.01), although
this significance was lost when using raw data from one of

the studies and when performing a modified worst-case
analysis. Data on dyskinesias from four trials (all using selegi-
line, comprising 1228 patients) showed no difference between
selegiline and control in the development of dyskinesias (OR,
0.98; 95% CI, 0.76–1.26). There was a reporting bias between
trials concerning adverse events. Overall, results showed a
non-significant increase in adverse events with MAO-B
inhibitors (OR, 1.38; 95% CI, 0.92–2.06, P � 0.12); studies
did not find lower mean blood pressure nor consistent data
on more cardiac arrhythmias or other ECG abnormalities
with MAO-B inhibitors; two studies reported significantly
elevated liver enzymes with MAO-B inhibitors (not clin-
ically relevant). Total number of withdrawals did not differ
between MAO-B inhibitors and control in all 10 trials (OR,
0.93; 95% CI, 0.74–1.16). Six trials showed significantly
more withdrawals due to adverse events with MAO-B
inhibitors (OR, 2.36; 95% CI, 1.32–4.20, P � 0.004).

Caraceni and Musicco [18] randomized 473 untreated early
PD patients to monotherapy of levodopa (n � 156), bromo-
criptine or lisuride (n � 172), or selegiline (n � 155). At
median follow-up of 34 months, results showed a reduced
RR of motor fluctuations and dyskinesias with selegiline and
agonists compared to levodopa (RR for fluctuations: 0.5 and
0.6, respectively; RR for dyskinesias: 0.8 and 0.6, respec-
tively). These differences lose significance when a multivari-
ate analysis was performed.

The Tempo [19] study assessed the efficacy of monother-
apy with rasagiline in 404 early PD patients, in a randomized
double-blind placebo-controlled trial comparing rasagiline
1 or 2 mg/day with placebo, during 26 weeks. Adjusted
mean difference in change on total UPDRS scores were –4.2
comparing rasagiline 1 mg to placebo (P � 0.001) and –3.56
comparing rasagiline 2 mg to placebo (P � 0.001). There was
no statistically significant difference in the time to need lev-
odopa. Adverse events were not significantly different
between rasagiline and placebo, except for supine systolic
blood pressure that was significantly higher on rasagiline
2 mg. The Parkinson Study Group extended the Tempo trial
for another 6 months (‘active treatment phase’) using a
delayed-start design [20]: patients initially allocated to
placebo in the Tempo trial were started on rasagiline 2 mg/day
for another 6 months (‘delayed rasagiline 2 mg/d arm’)
while the patients allocated to 1 and 2 mg/d at baseline con-
tinued to receive that dosage for the next 6 months. This
design tried to overcome the distinction between a symp-
tomatic effect and a disease-modifying effect. The intention-
to-treat cohort were 371 patients (delayed rasagiline arm:
130, rasagiline: 1 mg/d arm: 122, and rasagiline 2 mg/d arm:
199); at the end of follow-up, 259 subjects did not start add-
itional dopaminergic therapy, with no significant differences
between treatment arms. Adjusted mean difference on total
UPDRS comparing rasagiline 1 mg/d with delayed rasagiline
2 mg/d was –1.82 points (95% CI, �3.64 to 0.01 points,
P � 0.05), and �2.29 points (95% CI, �4.11 to �0.48 points,
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Table 20.1 Monotheraphy compared to levodopa for early Parkinson’s disease.

Type of Intervention (dosage) Follow-up Outcome Number of Control Relative risk Absolute risk Comment
study time patients group (95% CI) reduction or
(reference) (number value WMD (95% CI)

of trials)

RCT [18] Selegiline (max 10 mg) 2.8 years UPDRS motor* – – – – Selegiline worse 
versus levodopa Motor fluctuations 473 (1) 30% 0.63 (0.42–0.95) 11% (1–20) Selegiline better
(max 750 mg) Not statistically significant

at multivariable analysis

Dyskinesias 473 (1) 27% 0.77 (0.51–1.15) 6% (ns) Selegiline better

Withdrawals** 473 (1) 2.6% 0.5 (0.09–2.71) 1% (ns) Selegiline better

RCT [21] Ropinirole (mean dose 2 years UPDRS motor* 162 (1) 5.6 – 6.3 (5.9–6.6) Ropinirole worse
12.2 mg) versus Motor fluctuations – – – –
levodopa (mean dose

Dyskinesias 162 (1) 27% 0.09^ (0.02–0.29) 23% Ropinirole better
558.7 mg)

Withdrawals 162 (1) 5.3% 3.12^ (0.97–10.0) 10% (ns) Ropinirole worse

RCT [22] Ropinirole (16.5 mg) 5 years UPDRS motor* 130 (1) 0.08 – 4.0 (0.76–7.24) Ropinirole worse
versus levodopa Motor fluctuations – – – –
(753 mg)

Dyskinesias 268 (1) 45% 2.82^^ (1.78–4.44) 25% Ropinirole better

Withdrawals 268 (1) 33% – 6% (ns) Ropinirole worse

RCT [23] Pramipexole (2.78 mg) 2 years UPDRS motor* 150 (1) 7.3 – 3.9 (5.7– 2.1) Pramipexole worse
versus levodopa Motor fluctuations 150 (1) 38% 0.57^^ (0.3 –0.88) 14% Pramipexole better
(406 mg) Dyskinesias 150 (1) 30.7% 0.33^^(0.1–0.6) 21% Pramipexole better

Withdrawals 150 (1) 12.7% 3% (ns) Pramipexole worse

(Continued p. 202)
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Table 20.1 (Continued.)

Type of Intervention (dosage) Follow-up Outcome Number of Control Relative risk Absolute risk Comment
study time patients group (95% CI) reduction or
(reference) (number value WMD (95% CI)

of trials)

SR [33] Bromocriptine 3 years UPDRS motor* – – – –
(7–120 mg) versus Motor fluctuations 512 (1) 33% 0.14 (0.9–0.22) 28% (22–34) Bromocriptine better
levodopa (300–600 mg)

Dyskinesias 589 (3) 27% 0.09 (0.04–0.11) 25% (20–31) Bromocriptine better

Withdrawals ** 823 (5) 17% 4.66 (3.41–6.36) 29% (24–35) Bromocriptine worse

RCT [31] Bromocriptine (52 mg) 5 years UPDRS motor* 60 (1) 11 NA NA Open-label; no significant
versus levodopa (569 mg) difference between groups

Motor fluctuations 54 (1) 34% 16% (1.32 to 6% (20 to Less on levodopa
0.42) 31)

Dyskinesias 54 (1) 48.2% 0.75 (0.23 to 0.92) 36% (14 to 58) Less on bromocriptine

Withdrawals** NA NA NA NA

RCT [26] Lisuride (1.2 mg) versus 4 years UPDRS motor* – – – – No significant differences Open label
levodopa (300–668 mg) Motor fluctuations 60 (1) 52% – 52% Lisuride better. Statistical evaluation

not available

Dyskinesias 60 (1) 64% – 64% Lisuride better. Statistical evaluation
not available

Withdrawals** 60 (1) 17% – 66% Lisuride worse. Statistical evaluation
not available

RCT [25] Cabergoline (2.9 mg) 5 years UPDRS motor* 419 (1) 9.5 – 1.7 (ns) Cabergoline worse
versus levodopa Motor fluctuations 419 (1) 34% 0.56^ (0.37–0.87) 11% (20–30) Cabergoline better
(427 mg)

Dyskinesias 419 (1) 21% 0.39^ (0.22–0.69) 12% (5–18) Cabergoline better

Withdrawals** 419 (1) 14% 1.53^ (0.91–2.57) 6% (1–13) Cabergoline better

SR: systematic review; RCT: randomized controlled trial; CI: confidence intervals; ns: not statistically significant; SD: standard deviation; SE: standard error. 
*Difference of mean change in UPDRS motor score; **due to adverse events; ^OR instead of RR; ^^HR in stead of RR.
C Ramaker, van Hilten JJ. Bromocriptine versus levodopa in early Parkinson’s disease. Cochrane Database Syst. Rev. 2000, 2: CD002258. DOI: 10.1002/14651858.CD002258.
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P � 0.01) for comparing rasagiline 2 mg/d versus delayed
rasagiline 2 mg/d. Adverse events did not differ significantly
between treatments.

Dopamine agonists
Ropinirole
The REAL-PET study [21] assessed the effects of ropinirole
or levodopa monotherapy on slowing disease progression in
186 patients with early untreated PD, using as primary out-
come measure the decline of the putaminal value of 18Fluro-
dopa uptake with PET scan, from baseline till 24 months;
secondary outcome measures included changes in motor
UPDRS scores and the incidence of dyskinesias (UPDRS
item 32). Patients with normal scans at baseline were excluded
from the final analysis. Final analysis (N � 162) showed stat-
istically significant differences in the decline of putaminal Ki
values in favour of ropinirole: 13.4% versus 20.3% (P �0.022);
a placebo arm was absent from this trial and one cannot
exclude the possibility of levodopa or ropinirole influences on
striatal decarboxylase activity. Mean UPDRS score change from
baseline significantly favoured levodopa compared to
ropinirole with an improvement of 5.6 versus a decline of
0.7 points (score difference 6.3 points; 95% CI, 3.54–9.14).
Ropinirole was associated with a lower incidence of dyski-
nesias compared with levodopa (3.4% versus 26.7%; OR,
0.09; 95% CI, 0.02–0.29; P � 0.001).

Rascol et al. [22] studied the effect of ropinirole in a ran-
domized, double-blind, parallel, levodopa-controlled, 5-year
follow-up study in 268 de novo PD patients. At final follow-
up, incidence of dyskinesia was 20% (ropinirole) versus 45%
(levodopa), and ‘disabling’ dyskinesia was less frequent with
ropinirole (P � 0.002). Difference in ‘time to dyskinesia’ 
significantly favoured ropinirole (hazard ratio for remaining
free of dyskinesia, 2.82; 95% CI, 1.78–4.44, P � 0.001).
Incidence of wearing-off favoured ropinirole, although non-
significant. Motor UPDRS scores significantly favoured levo-
dopa, although considered not to be clinically relevant, and
there was no significant difference in ADL scores between
treatments. Hallucinations were more frequent with ropini-
role (ropinirole 17% versus levodopa 6%), but severe hallu-
cinations were infrequent in either arms, and no difference
was observed with other dopaminergic adverse events.

Pramipexole
The CALM-PD trial [23] randomized patients to pramipex-
ole or levodopa monotherapy in 301 early PD patients, and
open-label supplementation with levodopa was possible after
a titration period of 10 weeks. At 2 years, 28% of patients on
pramipexole versus 51% on levodopa developed motor
complications (P � 0.001). A second report of this study at
4 years showed that 68 (45%) patients dropped-out in the
pramipexole group compared with 50 (33%) on levodopa: 12
due to somnolence (pramipexole � 11 versus levodopa � 1),
5 due to oedema and 1 because of both (all with pramipexole);

percentage of patients developing motor complications were
74% (levodopa) versus 52% (pramipexole) (hazard ratio,
0.48; 95% CI, 0.35–0.66; P � 0.001); this difference was statis-
tical significant for either dyskinesias (24.5% versus 54%; haz-
ard ratio, 0.37; 95% CI, 0.25–0.56, P � 0.001) or wearing-off
(47% versus 62.7%; hazard ratio, 0.68; 95% CI, 0.49–0.63,
P � 0.02) but not for On–Off phenomena (hazard ratio, 0.64;
95% CI, 0.26–1.59, P � 0.34); occurrence of disabling dysk-
inesias was uncommon (pramipexole � 4 versus levodopa �

7); the majority of motor complications occurred after the
introduction of levodopa in the pramipexole group and
before the introduction of supplemental levodopa in the 
levodopa group. Patients initially randomized to levodopa
had higher mean improvement in total UPDRS (�2, �15.4
points versus 3.2, �17.3 points, P � 0.003). Levodopa require-
ment was 72% in patients on pramipexole with 59% in the 
levodopa group (hazard ratio, 1.64; 95% CI, 1.22–2.21;
P � 0.001); mean daily dose of pramipexole was 2.78 �

1.1 mg, and of levodopa was 434 � 498 mg in the pramipex-
ole arm (supplemental levodopa), and 702 � 461 mg in the
levodopa arm (experimental: 427 � 112 mg; supplemental:
274 � 442 mg). A subset of 82 patients underwent β-CIT
SPECT evaluation and were followed-up for 46 months [24].
Results showed a statistically significant difference in decline
of tracer favouring pramipexole (pramipexole 16.0% versus
levodopa 25.5%; P � 0.01). ‘Off’ total and motor UPDRS
scores change did not differ significantly between treatments
(change in total UPDRS: pramipexole 4.1 versus levodopa
4.0 points, P � 0.61; change in motor UPDRS: pramipexole
1.0 versus levodopa 2.1 points, P � 0.84).

Cabergoline
A randomized, double-blind, parallel-group trial compared
cabergoline with levodopa monotherapy as initial therapy in
419 PD patients [25]. Open-label addition of levodopa was
possible, and followed-up was 3–5 years. Drop-out rate was
16% for cabergoline and 13% for levodopa. At 5 years, the
incidence of motor complications was 22% with cabergoline
versus 34% with levodopa (P � 0.02); most complications
were end-of-dose failure although the difference between
treatments was more prominent for dyskinesias (cabergoline
9.5% versus levodopa 21.2%, P � 0.001). The introduction of
levodopa more than doubled the risk of motor complications
in both groups. Cabergoline RR of developing motor compli-
cations was �50% lower than that of levodopa (HR, 0.46;
P � 0.001). Mean UPDRS motor scores at 5 years favoured
levodopa (cabergoline 19.2 versus levodopa 16.3 points,
P � 0.01); satisfactory clinical improvement (a 30% decrease
in UPDRS III from baseline) also favoured levodopa, the dif-
ference being statistical significant at 3 (cabergoline 58.9%
versus levodopa 75.6% of patients, P � 0.01) and 4 years
(cabergoline 50% versus levodopa 65% of patients, P � 0.05).
Peripheral oedema was more frequent with cabergoline
than with levodopa (16.1% versus 3.4%, P � 0.0001), but
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no other adverse events (most frequent being nausea and
vomiting, dizziness, hypotension, and sleep problems).

Lisuride
Two studies showed conflicting results in the efficacy of
lisuride in prevention of motor complications:

In an open-label design, Rinne [26] studied 90 de novo PD
patients who were randomized to lisuride, levodopa, or
lisuride plus levodopa. Levodopa could be added to lisuride
after 3 months if needed. Five patients remained on lisuride
monotherapy after 4 years; the risk to develop dyskinesias and
wearing-off was: lisuride plus levodopa arms: 13% wearing-
off, 19% peak-dose dyskinesia versus levodopa monotherapy
arm: 52% wearing-off, 64% peak-dose dyskinesia (P � 0.01).
Anti-Parkinsonian efficacy measured by the Columbia
University Rating Scale was equivalent between treatments.

In other open-label (first year was double-blind), parallel
group, 5-year study [27], 82 early PD patients receiving lev-
odopa for less than 6 months were randomized to levodopa
or levodopa plus lisuride. The incidence of motor complica-
tions was low in both arms and the difference favouring com-
bination therapy was not significant. UPDRS score remained
unchanged with combination therapy while it deteriorated
with levodopa monotherapy.

Bromocriptine
We identified six trials in which bromocriptine was used as
initial monotherapy and levodopa added later as adjunct
therapy if needed [28–32], one systematic review [33] and
three trials where bromocriptine was used as early combina-
tion to levodopa [34–36].

In the bromocriptine monotherapy trials, the comparator
was levodopa in three, levodopa and levodopa with selegi-
line in two and ropinirole in one trial. Two studies are
reports of the 10-year follow-up data of two trials (one
trial � bromocriptine versus levodopa; other � bromocrip-
tine versus levodopa versus levodopa plus selegiline). These
six trials randomized 1326 patients. Both 10-year follow-up
trials found no difference in mortality between bromocrip-
tine and levodopa. Overall, bromocriptine reduced the
occurrence of motor complications when compared to lev-
odopa; no differences were found between bromocriptine
and ropinirole in the incidence of dyskinesias after 3 years
(ropinirole: 7.7%; bromocriptine: 7.2%, NS). The three
trials using bromocriptine as early combination to levodopa
comprise 940 patients. Patients already treated with levo-
dopa were randomized to stay on levodopa monotherapy or
receive an adjunct treatment with bromocriptine. All
trials reported lower occurrence of motor fluctuations or
dyskinesias with a combination of levodopa/bromocriptine.

Levodopa
Standard levodopa
The ELLDOPA trial [37] was a randomized, double-blind,
placebo-controlled trial that evaluated the effect of three

daily doses of carbidopa–levodopa, 37.5/150 mg, 75/300 mg,
or 150/600 mg, or a matching placebo in 361 early PD
patients, for 40 weeks followed by a 2-week washout
period. Results showed a mean difference on UPDRS total
score between baseline and week 42 of 7.8 points in the
placebo group, 1.9 points in the levodopa 150 mg group, 1.9
in the levodopa 300 mg group, and 1.4 in 600 mg group
(P � 0.001). After the washout period, UPDRS scores in all
levodopa arms worsened but did not reach the values for the
placebo group. The following adverse events were signifi-
cantly more frequent in the 600 mg arm than in the placebo
group: dyskinesias, nausea, infection, hypertonia, and
headache. In 116 patients, a [123I] β-CIT evaluation at base-
line and week 40 was performed: the mean per cent decline
in the [123I] β-CIT uptake was significantly greater with lev-
odopa than placebo (placebo: �1.4; levodopa 150 mg: �6;
300 mg: �4; 600 mg: �7.2, P � 0.036).

Controlled-release levodopa formulations
Dupont [38] and colleagues randomized 134 de novo patients
to slow release levodopa/benserazide (Madopar HBS®) or
standard levodopa/benserazide (Madopar®), in a double-
blind parallel group multicentre design, with a follow-up of
5 years; bromocriptine could be added to control motor fluc-
tuations. UPDRS IV section was used to assess motor compli-
cations. Number of drop-outs was high in both groups (29
patients in the Madopar® arm and 35 in the Madopar HBS®

arm were still in the study at year 5). Twelve patients in 
each arm developed dyskinesias at year 5 (standard lev-
odopa � 41% versus slow release levodopa � 34%, differ-
ence not significant; no statistically significant difference
was found in the incidence of motor fluctuations: Madopar
standard®, 17 patients (59%) versus Madopar HBS®, 20
patients (57%).

Other 5-year study [39,40] compared sustained-release
Sinemet® versus immediate-release Sinemet® in 618 de
novo patients. There were no statistical significant difference
between the two treatments for the incidence of motor
complications: immediate-release � 20.6% versus slow-
release � 21.8%.

Conclusion
Both selegiline and rasagiline seem to be efficacious and safe
as monotherapy to treat symptoms of PD. Selegiline does
not decrease the incidence of dyskinesias compared to con-
trol and there is insufficient data regarding incidence of motor
fluctuations; there is insufficient data regarding prevention
of motor complications by rasagiline. As a group, dopamine
agonists are associated with lower incidence of motor com-
plications compared to levodopa though levodopa was associ-
ated with better improvements in motor scores; dopaminergic
adverse events are more frequent with agonists compared
with levodopa; there is insufficient data regarding the effi-
cacy of agonists in slowing disease progression. Standard
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levodopa is associated with less worsening of Parkinsonism
compared to placebo, and there is no clinical evidence that it
hastens disease progression; higher doses are associated with
greater motor improvement but also more adverse events such
as dyskinesias, as compared with lower doses. Controlled-
release levodopa is not associated with lower incidence of
motor complications compared to standard levodopa.

2. PD patients with levodopa-induced motor
complications
Among patients with PD and levodopa-induced motor complications,
how does the pharmacological treatments (controlled-release levodopa,
amantadine, clozapine, COMT inhibitors, MAO-B inhibitors, and
dopamine agonists), compared to placebo, or standard levodopa, affect
the probability of improvement of motor fluctuations and dyskine-
sias? Which is the risk?

The studies’ results are summarized in Table 20.2.

Controlled-released levodopa
Wolters et al. [41] compared the efficacy of carbidopa/levo-
dopa CR with standard carbidopa/levodopa in 170 patients,
in a Dutch–British multicentre, double-blind, double-dummy,
parallel group, 24-week trial preceded by an 8-week open-
label phase of dose finding. For patients on standard car-
bidopa/levodopa, ‘On time’ averaged 68% of waking day at
the end of the open-label period and 64% at week 24, while
for patients on carbidopa/levodopa CR, ‘On time’ averaged
74% at the end of the open-label period and 69% at week
24; direct comparisons between treatments showed a statis-
tically significant increase of ‘On-time’ favouring Sinemet CR
at week 4. The mean daily number of ‘Off’ periods was signifi-
cantly less in the carbidopa/levodopa CR group. The decline 
in NYUPDS scores was significantly greater in the carbidopa/
levodopa CR arm; patients’ global evaluation of improvement
favoured carbidopa/levodopa CR at weeks 12 and 24, while
the investigators’ rating was not significantly different between
treatments. The mean daily number of doses was 5.1 for stan-
dard carbidopa/levodopa and 4.9 for carbidopa/levodopa
CR. Eighteen patients withdrew from the study, 15 while on
car bidopa/levodopa CR.

A double-blind, cross-over trial by The UK Madopar CR
Study Group [42] compared the efficacy of bedtime
controlled-release to standard Madopar in 103 patients with
several nocturnal and early morning motor disabilities; 42
patients had daytime motor fluctuations. Patients received
either 125 mg of controlled-release or of standard Madopar
at bedtime (possible titration up to 600 mg). Patients were
kept on optimized dosing for a 2-week period before crossing-
over, and were then restarted at 125 mg on the alternative
drug. Fourteen patients dropped out from the trial; the inves-
tigator rating favoured Madopar CR, but there were no differ-
ences between treatments regarding optimum dosage, motor

disability, the percentage of patients improving or wishing to
continue each drug, and the percentage of drop-outs.

Hutton et al. [43] compared carbidopa/levodopa CR with
standard carbidopa/levodopa in 202 patients, in a randomized,
cross-over, double-blind, multicentre, 24-week trial. It included
two 8-week cross-over periods preceded by two 4-week phases
for drug titration. Forty-four patients withdrew, 19 during the
titration period because of a lack of effect (carbidopa/levodopa
standard: 11 versus levodopa CR: 8 patients). Results showed 
a decrease of ‘Off’ duration with levodopa CR, statistical sig-
nificant at weeks 4 and 6. The mean daily levodopa dose was
greater with levodopa CR (levodopa CR: 1238 mg; standard
carbidopa/levodopa: 975 mg). Frequencies of the most com-
mon adverse events were similar between treatments.

Jankovic et al. [44] included 20 patients and compared
carbidopa/levodopa CR versus standard carbidopa/levodopa,
using a similar 24-week trial design to the one described
above. Results showed a significant decrease of the ‘On with-
out dyskinesias’ duration and a non-significant increase of
the ‘Off’ duration in the slow-release levodopa phase, and no
difference in the ‘On with dyskinesias’ time between treat-
ments. Carbidopa/levodopa CR was significantly associated
with the lower dose frequency (5.7 versus 3.8) and with 
an increase in the mean daily dose (685 mg versus 815 mg);
there were no differences in UPDRS and Schwab and England
scores. An open-label extension with 18 patients showed a
significant increase of the ‘On with dyskinesias’ duration
compared to the end of the double-blind phase on standard
levodopa, although no differences were observed in the total
‘On’ and ‘Off’ time.

Lieberman et al. [45] reported results of a randomized
double-blind cross-over study comparing controlled release
with standard levodopa, in 24 patients, using the same trial
design as previous studies. There were no significant differ-
ences between treatments in the mean scores in UPDRS or
in the ‘On’ and ‘Off’ duration; while on levodopa CR patients
took significantly fewer levodopa daily doses (5.0 versus
6.2) but needed a higher levodopa daily dose. During the
open-label extension of the study with 35 patients, 9 dropped
out during titration of standard levodopa and 2 during lev-
odopa CR titration.

Amantadine
A systematic review by Crosby NJ et al. [46] included RCTs
comparing amantadine with placebo in the treatment of
dyskinesias. Three trials, all double-blind, cross-over studies,
were identified, comprising 53 patients. Due to methodo-
logical insufficiency, the results of two trials were not analysed,
and the final trial only examined 11 patients. In this trial, the
severity of dyskinesia following a levodopa challenge was
reduced after oral amantadine (300 mg) treatment by 6.4
points (41%), when compared to the placebo arm. In one
study, the authors report no adverse effects; in other study, 4
(22%) patients withdrew because of mild and transient
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Table 20.2 Drug treatment for levodopa motor complications.

Type of Intervention Number of Outcome Control group Relative risk Absolute risk Comment
study patients risk (range) (95% CI) reduction or
(reference) (number WMD

of trials) (95% CI)

RCTs [41–45] CR levodopa versus 529 (5) No SR available. There is insufficient evidence regarding the efficacy and safety.
levodopa

SR, RCT [46,47] Amantadine (300 mg/d) 93 (4) Amantadine seems to reduce dyskinesia compared to placebo, but there is not enough evidence about
versus placebo the safety and effectiveness.

RCT [48] Clozapine (39.4 mg/d) 50 (1) Clozapine seems safe and efficacious for dyskinesia. Just one trial.
versus placebo

SR [49] COMT inhibitors 1584 (14) Off time minutes 2.4–54 78 (64–93) COMT inhibitors better
(entcapone 200 mg per 2537 (19) Dyskinesia 18% (1–32) 3.09 (2.59–3.69) 22% (19–26) COMT inhibitors worse
levodopa dose, tolcapone

Adverse event Fatal hepatic toxicity found during post-marketing surveillance with tolcapone.
50–400 mg/d) versus
placebo

RCTs (51–56) MAO inhibitors: (selegiline 1472 (6) There is not enough evidence to conclude on the efficacy of selegiline; zydis selegiline and rasagiline are
10 mg/d, zydis selegiline possibly useful in reducing off time and increasing on time without dyskinesias.
2.5 mg/d, rasagiline Adverse event
1 mg/d) versus placebo

SR [57] Ropinirole (24 mg/d) 253 (3) Off time minutes 45–133 29 to �35 No clear effect. 
versus placebo Heterogeneity

195 (2) Dyskinesia 13–22% 2.90* (1.36–6.19) 21%* (8–34) Ropinirole worse
Just one trial result

Adverse event No significant difference for adverse events or withdrawals were observed
between treatments.
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SR [58] Pergolide (mean 2.94 mg/d) 376 (1) Off time minutes 12 84 Pergolide better.
versus placebo Just one trial

Dyskinesia 26% 4.64 (3.09–6.97) 38% (29–47) Pergolide worse

Adverse event A growing number of publications reported the occurrence of
valvular heart disorders associated with pergolide.

SR [61] Pramipexole (8–10 mg/d) 611 (4) Off time minutes 42 to �24 102 (73–140) Pramipexole better. 
versus placebo Heterogeneity

668 (4) Dyskinesia 29% (5–41) 2.10 (1.50–2.94) 15% (8–22) Promipexole worse

Adverse event Orthostatic hypotension, nausea, visual hallucination, and dizziness.

SR [65] Bromocriptine (maximum 385 (6) Off time minutes No clear effect.
20 mg in 36 weeks to 100 mg Heterogeneity
in 10 weeks) versus placebo Dyskinesia Bromocriptine worse

Adverse event No significant difference in withdrawals due to adverse events was reported.

SR [67] Cabergoline (3–5.4 mg/d) 61 (2) Off time minutes 42–148 68 (ns) Cabergoline better  
versus placebo No statistical  significant

43 (1) Dyskinesia 0 6.49 (0.13–330) 4% (ns) Cabergoline worse 
No statistical significant

Adverse event Autonomic, cardiovascular and neuropsychiatric effects.

RCT [68] Apomorphine (subcutaneous) 32 (1) Off time minutes 0 120 Apomorphine better
versus placebo Dyskinesia Apomorphine worse

Adverse event Injection site complaints, yawning, somnolence, dyskinesia, and nausea or vomiting.

SR: systematic review; RCT: randomized controlled trial; CI: confidence intervals; ns: not statistically significant; Off time: time of poor L-dopa response.
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adverse events (two with confusion or hallucinations � 2;
nausea � 1; recurrence of pre-existing palpitations � 1); and
in a third study one patient experienced reversible oedema
of both feet during amantadine and other patient withdrew
while on placebo due to dizziness. The authors concluded
that due to lack of evidence it was impossible to determine
whether amantadine is a safe and effective treatment for
levodopa-induced dyskinesias.

A randomized, 12 months, double-blind, parallel, placebo-
controlled trial [47] evaluated the efficacy of amantadine
(300 mg/d) on dyskinesia and motor fluctuations. Amantadine
was titrated till 300 mg/d. Forty patients were included and
11 withdrew (placebo 6 versus amantadine 5). Results
showed a significant longer treatment effect duration with
amantadine of 4.9 versus 1.3 months compared to placebo
(P � 0.001); at 15 and 30 days, amantadine was signifi-
cantly associated with reductions in the Dyskinesia Rating
Scale by 45% and UPDRS item 32–34 compared to placebo
(P � 0.001); UPDRS I–III scores were significantly reduced
with amantadine compared to placebo (amantadine: �3.2
points; placebo �0.1 points; P � 0.01); there was a non-
significant decrease of ‘Off’ time and an increase of ‘On’
time with amantadine compared to placebo. After amanta-
dine discontinuation, 11 patients suffered a rebound of
dyskinesias, 1 got severely confused and 2 patients reported
hyperthermia.

Clozapine
A double-blind, randomized, parallel, placebo-controlled,
10-week trial [48] assessed the efficacy and safety of clozap-
ine for disabling levodopa-induced dyskinesias in 50 patients.
Patients were randomized to either an evening dose of
placebo or clozapine (12.5–75 mg/d). Mean dose of clozap-
ine was 39.4 mg/d. Results showed a significant reduction in
duration of ‘On with dyskinesias’ favouring clozapine com-
pared to placebo (placebo: day 0: 4.54 h, SD: 0.53, end:
5.28 h, SD: 0.70; clozapine: day 0: 5.68 h, SD: 0.66, end:
3.98 h, SD: 0.57; P � 0.003) and diurnal dyskinesias were
reduced by about 2 h with clozapine as compared to placebo;
there was no increase in duration of ‘Off’ time; after lev-
odopa challenge, clozapine was associated with a significant
reduction in severity of dyskinesias at rest (placebo: 0.15,
SD: 1.01; clozapine: –2.22, SD: 0.52, P � 0.05); no signifi-
cant increase in motor UPDRS was associated with clozap-
ine. Twelve patients withdrew because of adverse events:
placebo � 7 versus clozapine � 5; three patients on clozap-
ine withdrew due to transient hipereosinophilia; only diur-
nal drowsiness and somnolence was significantly more
frequent in the clozapine arm, and no significant change in
leucocyte count was observed.

COMT inhibitors
Two Cochrane Systematic Reviews [49,50] addressed the
efficacy and safety of COMT inhibitors for levodopa-induced

motor complications, both with the last substantive update
from June 2004.

Deane et al. [49] included RCTs that compared either oral
tolcapone or entacapone versus placebo, and with a min-
imum duration of 4 weeks. The authors identified 14 trials
(entacapone � 8, tolcapone � 6), with a total of 2569
patients; the trials using entacapone comprised a total of
1563 patients while the trials of tolcapone comprised overall
1006 patients; all entacapone trials were double-blind and
all but one had a parallel-group design, and the dose of enta-
capone was 200 mg per levodopa dose up to 10 doses � day,
with one exception where dose was not specified. All tol-
capone trials had a double-blind parallel-group design, and
used a dose ranging from 50 to 400 mg tid. Overall, the
methodological quality of entacapone trials was moderate
and inferior to the tolcapone trials quality. For several out-
come measures, published data was provided in a manner
not amenable to meta-analysis. The WMD in levodopa dose
reduction between entacapone and placebo was 55 mg/day
(95% CI, 37–74 mg/day, P � 0.00001); the mean ‘Off’ state
time reduction difference between entacapone and placebo
was 41 min (95% CI, 13–68 min, P � 0.004), and the mean
‘On’ state time increase difference was 61 min (95% CI,
37–83 min, P � 0.00001); UPDRS evaluation was performed
in five trials: difference in UPDRS part II and UPDRS part III
was significant in four trials, favouring entacapone. The 
following adverse events were significantly associated 
with entacapone with a P-value � 0.01: dyskinesia (Peto
OR 2.23, P � 0.00001), nausea (Peto OR 1.93, P � 0.0006),
vomiting (Peto OR 4.16, P � 0.01), diarrhoea (Peto OR
2.69, P � 0.0001) and constipation (Peto OR 2.27
P � 0.007); elevation in transaminase levels were con-
sidered to be clinically significant if they raised more than 3
times the upper limit of the normal range, and overall enta-
capone was not associated with a clinically significant
increase in transaminase levels. Tolcapone trials duration
ranged from 6 weeks to 3 months although in one study
there was a double-blind extension up to 1 year. The WMD
in levodopa dose reduction showed a dose response trend
with tolcapone dosage and a fall off with the highest dose:
from 50 mg tolcapone producing a levodopa dose reduction
of 72 mg/day (95% CI, 27 –117 mg, P � 0.001) till 200 mg
producing a 148 mg/day decrease (95% CI, 123–174 mg,
P � 0.00001) and 400 mg giving a 55 mg/day decrease (95%
CI, 18–93 mg, P � 0.003). Using the investigator’s evalua-
tion of ‘Off’ duration over a 10-h day, the WMD in ‘Off’ time
reduction showed a similar reduction for all tolcapone doses
(90 min compared to placebo) except for the 50 mg/d which
was the less effective though statistically significant; overall,
the ‘On’ time increase was similar to the ‘Off’ time reduc-
tion. Out of five studies recording UPDRS motor part, one
found a significant difference for tolcapone 200 mg/d (tol-
capone reduction of 6.5 versus placebo reduction of 2.1 points,
P � 0.01). The following adverse events were associated with
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tolcapone at a P � 0.01: dyskinesia, nausea, vomiting, and
diarrhoea and hallucinations at the 200 mg dose; transami-
nases levels beyond 3 � the reference range were observed
in two reports: four patients under 100 mg and four under
200 mg; two patients on 200 mg withdrew; one study
reported a transitory elevation of mean transaminases levels
in the 200 mg arm. There was no significant increase in
drop-outs in patients on tolcapone.

The second systematic review by Deane et al. [50]
included RCTs that compared either oral entacapone or tol-
capone with any dopamine agonist, MAO inhibitor, anti-
cholinergic or amantadine, with a minimum duration of 4
weeks. They included two trials, with a total of 349 patients,
one comparing tolcapone with pergolide (203 patients) and
other comparing tolcapone with bromocriptine (146 patients),
and both using a randomized, open-label, parallel-group
design, though one used a blinded rater. In the pergolide
study, tolcapone dose was 100 mg tid with a optional increase
to 200 mg tid, and pergolide titrated to a maximum of 5 mg/d
(mean final dose 2.2 mg), while in the bromocriptine trial
tolcapone dose was 200 mg tid with bromocriptine dose titrated
to a maximum of 30 mg/d (mean final dose 22.4 mg/d). The
methodological quality of included studies was good. The
pergolide trial was 12 weeks long while the bromocriptine
trial had a duration of 8 weeks; efficacy data of pergolide
trial was not amenable to meta-analysis. Levodopa mean
reduction difference was only statistically significant for tol-
capone versus bromocriptine (124 mg versus 30 mg, P � 0.01);
total ‘On’ and ‘Off’ times was only available in bromocrip-
tine trial, and no significant difference was observed between
treatments; differences in motor UPDRS were not significant
(tolcapone 3.3 points improve versus pergolide 2.7 points;
tolcapone 3.1 points improve versus bromocriptine 3.3
points); in the pergolide trial, results on quality of life
assessed by the PD Questionnaire 39 were statistically signif-
icant in PDQ-39 favouring tolcapone (P � 0.005). The fol-
lowing adverse events were statistically significant at a
P � 0.01: more nausea (OR � 0.42, P � 0.0003), constipa-
tion (OR � 0.26, P � 0.00007) and orthostatic complaints
(OR � 0.24, P � 0.0002) with dopamine agonists than tol-
capone; abnormalities in liver function, only reported in one
trial, showed rise in aspartate aminotransferase levels greater
than 3 � normal range in one patient, that subside after drug
discontinuation; withdrawals due to adverse events, also
reported in one trial only, were more frequent in the per-
golide arm (OR 0.34, P � 0.02).

MAO-B inhibitors
Selegiline
Nine RCTs were identified and a Cochrane Collaboration
Systematic Review will be completed very soon.

Lees et al. [51] studied the effect of adding selegiline
(10 mg/d) or placebo to levodopa in 41 patients with motor
fluctuations, in a double-blind, placebo-controlled trial. The

authors reported that selegiline improved ‘wearing-off’ dis-
ability in 65% of patients; no significant improvement
occurred in akinesia or On–Off phenomena. Patients on
selegiline had the following adverse events: dyskinesia (14),
nausea (9), dry mouth (6), dizziness (3), postural hypoten-
sion (2), syncope (1), paraesthesia (1), hallucinations (1)
and unpleasant taste (1).

A randomized, double-blind, placebo-controlled, parallel-
group, 8-week trial [52] evaluated the effect of adding selegi-
line to levodopa in 33 patients. No withdrawals occurred.
Patients on selegiline had a significant 22% decrease in Parkin-
sonian symptoms and 17.4% decrease in Parkinsonian signs,
and a significant decrease of 21% in levodopa dose; ‘On’ time
did not differ significantly between both interventions
though patients reported a longer duration of levodopa effect,
less abrupt transition between ‘On’ and ‘Off’ and better ‘On’
and ‘Off’ periods quality. Adverse events were similar between
treatments.

Other randomized, double-blind, placebo-controlled, 
parallel-group, 6-weeks trial [53] studied the effect of adding
selegiline to levodopa in 99 patients. Results showed a sig-
nificant improvement on gait and overall symptom control
in patients receiving selegiline; objective rating of ‘On’
period quality did not differ between groups; levodopa dose
decrease was 17% for selegiline and 7% for placebo.

One randomized, double-blind, placebo-controlled, parallel-
group, 12-week trial [54] evaluated the effect of adding
Zydis selegiline (1.25–2.5 mg once daily) to levodopa in 140
patients. Zydis selegiline dissolves on contact with saliva,
undergoing pre-gastric absorption, which minimizes first-
pass metabolism, provides high plasma concentrations of
selegiline and reduces amphetamine metabolites. Ninety-
three per cent of patients on selegiline and 92% of patients
on placebo completed the trial, the main reason for with-
drawal being adverse events; no differences between groups
were noted for withdrawal. Patients on selegiline had a sig-
nificant decrease compared to placebo in percentage of ‘Off’
time (13.2% versus 3.8% reduction; P � 0.001 at weeks
10–12), in the number of ‘Off’ h/d (2.2 h versus 0.6 h reduc-
tion; P � 0.001), a significant increase of ‘On without dyski-
nesia’ time (12% versus 3% increase, P � 0.008) and a
non-significant difference in ‘On with dyskinesia’; no data
was reported on ADL and motor parts of UPDRS. No differ-
ences were detected in the occurrence of adverse events
between treatment groups; there were no report of drug-
related cardiac arrhythmias or hypertensive events and the
ECG showed no significant change in QTc duration between
treatment arms.

Rasagiline
We identified two large trials [55,56] with a maximum 
follow-up of 26 weeks. The Largo study [55] consisted
of a randomized, double-blind, double-dummy, parallel-
group, placebo-controlled (entacapone as a comparator
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drug), 18-week, multicentre design; 687 patients were ran-
domized either to rasagiline (1 mg once daily), entacapone
200 mg with each levodopa dose, or placebo. The trial was
powered to compare one active arm with placebo. Eighty-
eight (13%) patients withdrew from study (23 rasagiline, 30
entacapone, and 35 placebo), mainly due to withdrawal of
consent (n � 34) and adverse events (n � 34). Both rasagi-
line and entacapone reduced mean daily ‘Off’ time (rasagi-
line �1.18 h, entacapone �1.2 h versus placebo �0.4 h;
P 	 0.0001) and increased daily duration of ‘On without
troublesome dyskinesia’ (rasagiline and entacapone 0.85 h
versus placebo 0.03 h; P � 0.0005) compared to placebo,
with no difference in ‘On with troublesome dyskinesia’;
active treatments significantly improved ADL UPDRS during
‘Off’ time (rasagiline versus placebo �1.71, P � 0.0001;
entacapone versus placebo �1.38, P � 0.0006) and motor
UPDRS during ‘On’ time (rasagiline versus placebo �2.94,
P � 0.0001; entacapone versus placebo �2.73, P � 0.0001).
Half of patients reported adverse events, whose frequency
was similar between treatment arms.

The Presto trial [56] evaluated the efficacy and safety of
rasagiline (0.5 mg/d or 1 mg/d) compared to placebo in
levodopa-induced motor complications in a randomized,
double-blind, parallel-group, placebo-controlled, 26 weeks
and multicentre design. Safety variables included dermato-
logic examinations due to the reported increased frequency
of skin tumours in PD; 472 patients were included and
87.7% completed the trial (withdrawals not differing
between groups); patients on rasagiline 1 mg/d decreased
total ‘Off’ time by 1.85 h (29%), those on 0.5 mg/d by 
1.41 h (23%) and patients on placebo by 0.91 h (15%);
compared to placebo, patients on rasagiline 1.0 mg/d had
0.94 h (95% CI, 0.51–1.36 h; P � 0.001), and patients on
rasagiline 0.5 mg/d had 0.49 h (95% CI, 0.08–0.91 h;
P � 0.02) less ‘Off’ time. Scores in ADL UPDRS during 
‘Off’ and motor UPDRS during ‘On’ also significantly
favoured rasagiline compared to placebo; rasagiline 1 mg/d
significantly increased ‘On with troublesome dyskinesia’
time compared to placebo (P � 0.048). Weight loss, anorexia,
and vomiting were significantly more frequent in the 1 mg/d
arm and balance difficulty was more frequent in the 0.5 mg/d
group (P � 0.03), compared to placebo. Serious adverse
events, including melanoma or cardiovascular abnormalities,
had a similar frequency between rasagiline arms and
placebo.

Dopamine agonists
Ropinirole
A systematic review by Clarke and Deane [57] identified
three trials (1 not published) evaluating the effect of adju-
vant ropinirole versus placebo to levodopa in patients with
levodopa-induced motor complications. The three trials
comprised 263 patients; all had a randomized, double-blind,
parallel-group design; two were short-term phase II trials
using a maximum dose of ropinirole of 8 mg/d and 10 mg/d,

and one was a large phase III trial using a maximum dose of
24 mg/d. For methodological problems, the phase II trials
did not allow for appropriate formal statistical meta-analysis;
the phase III trial compared the proportion of patients
achieving at least a 20% reduction in levodopa dose and in
‘Off’ time, and reported that 35% of patients on ropinirole
achieved this endpoint compared to 13% of those on
placebo (P � 0.003); the systematic review authors used
additional data to express the change in ‘Off’ time in hours
but it was not possible to draw firm conclusions on this out-
come due to a significant difference in ‘Off’ duration
between treatment arms at baseline. Nevertheless the authors
conclude that had the trial been larger, the baseline imbal-
ance would not have occurred and therefore an unequivocal
benefit in ‘Off’ duration favouring ropinirole would have
been noted. In the phase III trial the occurrence of dyskine-
sia was significantly more frequent with ropinirole (OR
2.90; 95% CI, 1.36–6.19); in the same trial, motor impair-
ment and disability was significantly more improved with
ropinirole than placebo as was the decrease in levodopa
dose. No significant adverse events or withdrawals were
observed between treatments.

Pergolide
A systematic review by Clarke and Speller [58] assessed the
effect of adjuvant pergolide versus placebo to levodopa in
patients with levodopa-induced motor complications. They
identified one large study that included the results of small
studies previously published. The trial may have been sub-
jected to selection and detection bias. It enrolled 376
patients and was conducted for 24 weeks; patients on per-
golide decreased ‘Off’ time by 1.8 h compared with 0.2 h
with placebo (P � 0.001); dyskinesia developed or deteri-
orated in 62% of patients on pergolide compared with 25%
with placebo; by week 24, the difference in dyskinesia had
disappeared due to reduction of levodopa; reduction in levo-
dopa dose was greater with pergolide than with placebo
(235 versus 51 mg; P � 0.001); patients on pergolide had
significant greater improvements than placebo in Hoehn
and Yahr stage, and motor and ADL scores. Patients on per-
golide had significantly more nausea (24% versus 13%) and
hallucinations (14% versus 3%), and more withdrawals due
to adverse events (9.5% versus 4.3%).

A growing number of publications reported the occur-
rence of valvular heart disorders associated with pergolide.
Van Camp et al. [59] reported the presence of signs of
restrictive valvular heart disease in 26 of 78 (33%) PD
patients treated with pergolide, and found no signs of such
disease in 18 PD patients never treated with an ergot-
derived agonist. Severe valvular heart disease was present in
19% of patients with valvular heart disease, and a correl-
ation was observed between cumulative dose of pergolide
and valvular findings. Fibrotic reaction has also been
reported associated with other ergot dopamine agonists and
with non-ergot agonists [60].
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Pramipexole
A Cochrane Collaboration Systematic Review by Clarke
et al. [61] included randomized-controlled trials assessing
the efficacy and safety of pramipexole versus placebo for the
control of levodopa-induced motor complications. They
identified four double-blind, parallel-group, multicenter trials
in 669 patients (2 phase III studies with a 24-week mainte-
nance period and 2 phase II studies with a 4-week mainte-
nance period). The results showed a highly significant
decrease of ‘Off’ period duration with pramipexole (WMD
1.8 h; 95% CI, 1.2–2.3). No significant changes were noted
in a dyskinesia rating scale, although more patients on
pramipexole reported dyskinesia as an adverse event.
Improvement in UPDRS motor complications sub-score
diverged between studies; significant improvement in UPD-
RS motor score in ‘On’ state was observed in three trials.
Levodopa dose reduction significantly favoured pramipexole
(WMD 115 mg; 95% CI, 87�143 mg). Withdrawal rate was
significantly less with pramipexole; hallucinations were sig-
nificantly more frequent with pramipexole, with no differ-
ence in other adverse events.

A randomized, parallel-group, three-arm placebo versus
pramipexole versus bromocriptine, double-blind, 12-week
trial [62] included 325 patients. Both pramipexole and
bromocriptine significantly reduced ADL UPDRS (4.0 and
3.25 versus 2.03, P � 0.001 and P � 0.007, respectively) and
‘On’ motor UPDRS scores (11.8 and 9.98 versus 5.6, both
P � 0.001) compared to placebo. This trial was not powered
to detect differences between pramipexole and bromocriptine
arms.

A randomized, double-blind, placebo-controlled, parallel-
group, flexible-dose, 15-week trial [63] included a heteroge-
neous population of 150 PD patients. Results showed a
significant improvement in ADL and ‘On’ motor UPDRS
scores with pramipexole compared to placebo (12.14 points
versus 2.45 points P � 0.001), and a change in ‘Off’ dura-
tion from 7.07 to 6.15 h/d with pramipexole compared to an
increase from 5.59 to 6.87 h/d with placebo.

Carsten Möller et al. [64] performed a randomized,
placebo-controlled, parallel-group, 32-week, double-blind
trial followed by a 57-month open-label extension in 363
patients. Pramipexole dihydrochloride maximum dose was
4.5 mg/d (corresponding to 3.15 mg of pramipexole); 44%
of patients withdrew from trial and the intention-to-treat
population were 354 patients; mean dose of pramipexole
was 3.7 mg/d. Pramipexole significantly improved ADL
UPDRS (4.2 points versus 1.8 points, P � 0.0001), motor
UPDRS (10.3 points versus 4.5 points, P � 0.0007), ‘Off’
duration by approximately 2.5 h/d (P � 0.0001) and
decreased levodopa dose (P � 0.001) compared to placebo;
most frequent adverse events were dyskinesia (pramipexole
30.0% versus placebo 8.7%), asymptomatic orthostatic
hypotension (23.3% versus 20.2%), nausea (16.1% versus
12.0%), visual hallucination (11.1% versus 4.4%), and
dizziness (10.6% versus 7.1%); 262 patients were enrolled

in the open-label phase and results showed consistency with
double-blind phase.

Bromocriptine
A systematic review by Hilten et al. [65] assessed the efficacy
and safety of adjunct bromocriptine versus placebo to lev-
odopa in the treatment of levodopa-induced motor compli-
cations. They identified 7 RCTs (parallel-group � 5; cross-
over � 2; all double-blind) that comprised almost 400
patients: trials varied in the description of studied popu-
lation, mean pre-trial daily dosages of levodopa, ratios of 
levodopa/decarboxylase inhibitor, bromocriptine titration
schemes, trial duration and methods for evaluating motor
complications and Parkinsonism. Results showed discrep-
ancy between trials in the occurrence and severity of dyski-
nesias or dystonia, and in the improvement of motor
fluctuations; compared to placebo, bromocriptine improved
impairment in all trials (statistically significant in 2); the
only trial allowing levodopa reduction reported no differ-
ence between groups; adverse events was fully reported in
two trials and in one significant level were not reported; the
other trial reported no statistically significant differences
between the two groups; no significant difference in with-
drawals due to adverse events was reported.

Guttman et al. [66] conducted a randomized, parallel-
group, double-blind, 36-week trial in 247 patients. Patients
were randomized into three arms: placebo, pramipexole (up
to 4�5 mg/d), or bromocriptine (up to 30 mg/d). Bromo-
criptine did not significantly reduce the amount of time
spent ‘off’ compared to placebo (specific data endpoints not
reported).

Cabergoline
A systematic review by Clarke and Deane [67] included 3
randomized, multicentre, double-blind, controlled trials.
Cabergoline was associated with a nonsignificant decrease in
‘off’ time duration compared to placebo and a nonsignificant
increase in dyskinesia despite inadequate data report. Mean
levodopa dose reduction was significantly greater with
cabergoline compared to placebo (WMD 149.6 mg/d; 95%
CI, 94.1–205.1 mg, P � 0.00001). There was a trend for
fewer withdrawals with cabergoline.

Subcutaneous apomorphine
Dewey et al. [68] conducted a 4-week, randomized, 
double-blind, placebo-controlled, parallel-group trial in 32
patients. Apomorphine was administrated in individualized
subcutaneous injections to correct ‘Off’ state. Intention-to-
treat population were 29 patients. Results showed that apo-
morphine compared to placebo significantly improved motor
UPDRS scores (62% versus 0% improvement, P � 0.001),
significantly aborted ‘Off’ states (95% versus 23% of ‘Off’
periods, P � 0.01) and significantly decreased daily ‘Off’
duration (2-h reduction versus no reduction, P � 0.02).
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The most frequent adverse events were injection site com-
plaints, yawning, somnolence, dyskinesia, and nausea or
vomiting.

Conclusion
There is insufficient evidence regarding the efficacy and
safety of controlled-release levodopa in improving levodopa-
induced motor complications. Amantadine seems efficacious
and safe in reducing dyskinesias compared to placebo, with
an estimated duration of effect of 5 months; there is insuffi-
cient evidence regarding its effect on motor fluctuations.
Clozapine seems safe and efficacious in reducing levodopa-
induced dyskinesias compared to placebo. Entacapone is
efficacious in reducing ‘Off’ time and increasing ‘On’ time
duration, and in improving motor scores in fluctuators,
compared to placebo; dyskinesia, nausea/vomiting, consti-
pation, and diarrhoea are more frequent with entacapone
than with placebo. Tolcapone is efficacious in reducing ‘Off’
time and increasing ‘On’ time duration, and in improving
motor signs in fluctuators, though its liver toxicity makes its
use only acceptable for patients that failed all other treat-
ments and only under specialized monitoring. There is not
enough evidence to conclude on the effect of selegiline in
improving motor complications; Zydis selegiline is possibly
useful and safe in reducing ‘Off’ time duration and increas-
ing ‘On time without dyskinesias’ compared to placebo.
Rasagiline is efficacious and safe in reducing ‘Off’ time 
duration and increasing ‘On without troublesome dyskine-
sias’, and in improving motor signs in fluctuators, compared
to placebo. The dopamine agonists ropinirole, pramipexole,
and pergolide are efficacious in treating motor fluctuations
and improving motor scores in fluctuators compared to
placebo, while data on bromocriptine and cabergoline is less
robust. Intermittent subcutaneous apomorphine is effica-
cious and safe in correcting ‘Off’ states, reducing ‘Off’ duration
and improving motor scores. Increase in dyskinesias is more
frequent with agonists than with placebo, as other dopaminer-
gic adverse events such as nausea, vomiting, and psychosis;
pergolide has been associated with fibrotic reactions such as
restrictive valvular heart disease, but reports also concern
other ergot and non-ergot agonists.

3. Surgery
Among patients with PD and levodopa-induced motor complica-
tions, how does functional surgery (DBS or ablative surgery) affect
the probability of improvement of motor fluctuations and dyskine-
sias? What is the risk of withdrawals?

Stimulation surgery
Pallidal (GPi) stimulation
Burchiel et al. [69] conducted a 12-month, randomized,
parallel-group, blind-assessment trial comparing bilateral
GPi stimulation to bilateral STN stimulation in 10 patients

with severe PD and motor complications. There are some
problems with data presentation in the manuscript. Anderson
et al. [70] extended this study with the enrolment of 15
patients and reported the combined results of the two stud-
ies: the 14 new patients (1 dropped out before randomiza-
tion) were randomized to immediate surgery or best medical
therapy and delayed surgery. Due to premature termination
of the study because of logistical reasons, only 2 patients
were randomized to delayed surgery. Overall, 23 patients
were randomized to either GPi (N � 11) or STN stimulation
(N � 12) and 20 patients were available for 12-month fol-
low-up (N � 10 in each group; 3 drop-outs: 1 death due to
unrelated causes, 1 rapid progression of Parkinsonism, 1
intraoperative ischaemic stroke). The efficacy analysis
included 20 and the safety analysis 23 patients. At 12 months,
‘Off’ medication motor UPDRS scores were improved by
39% in the GPi group and 48% in the STN group, with no
significant differences between groups; and with a trend for
better improvement of bradykinesia and axial symptoms
with STN; ‘Off’ medication ADL UPDRS scores improved by
23% in either group. ‘On’ medication UPDRS motor and
ADL sub-scores did not improve, and there were no signifi-
cant cognitive or behavioural changes. Levodopa dose
reduction was: STN stimulation 38% and GPi stimulation
3% (P � 0.08). At 3 months, STN stimulation reduced dysk-
inesia severity whether stimulators were ‘Off’ or ‘On’ 
while GPi group required active stimulation for dyskinesia
reduction, but at 12 months dyskinesia was improved in
both groups with or without stimulator ‘On’ (GPi: 89%;
STN: 62%, no significant difference). Surgical complications
included intraoperative ischaemic stroke (1), infraclavicular
haematomas (1), prophylactic antibiotics after difficulty tun-
nelling of extension wire (1) and extracranial lead fracture
(1); perioperative complications were frequent with STN
stimulation: mild delirium (3), transient anxiety (2), hallu-
cinations (1), short-term memory deficits associated with
decrease concentration and apathetic mood (1), and cogni-
tive function decline with increased Parkinsonism (1); 1 GPi
patient had transient mild visual field defect.

The DBS For PD Study Group conducted a prospective,
6-month, multicentre study [71] on bilateral stimulation of
the GPi or STN in advanced PD patients with motor compli-
cations. The design was double-blind, with a randomized
and cross-over assessment of the acute effects of stimulation
3 months after surgery, and an open-label evaluation of the
motor effects of stimulation 2 weeks before and 1, 3, and 6
months after surgery. A direct comparison between the two
treatments was not conducted; the choice of the target was
the responsibility of each centre. The double-blind assessment
was performed after overnight withdrawal of both medica-
tion and stimulation. Patients were randomly allocated to
undergo cross-over assessments in two sequences: sequence
1 – evaluation with stimulation Off then evaluation with
stimulation On; sequence 2 – the reversed order. In the

212 Part 3: Neurological diseases

9780727918116_4_020.qxd  2/8/07  6:10 PM  Page 212



open-label assessment, patients were evaluated in four 
conditions: medication Off, stimulation Off; medication Off,
stimulation On; medication On, stimulation On; medication
On, stimulation Off. 143 patients were enrolled and 134
(STN � 96, GPi � 38) were implanted bilateral electrodes
(efficacy analysis). For STN group, the double-blind evalua-
tion (N � 91) showed a significant treatment effect associ-
ated with stimulation (sequence 1 – mean motor UPDRS
Off: 50 and On: 27; sequence 2 – mean motor UPDRS On:
31 and Off: 52, P � 0.001) with no carry-over or period
effects; unblinded assessments at 6 months showed a signif-
icant improvement in motor UPDRS with stimulation On
and medication Off compared to baseline (mean baseline
score 54, mean 6 months score 25.7, P � 0.001), a signifi-
cant small benefit with the association of stimulation and
medication, a significant improvement in ‘On without dysk-
inesia’ (from 27% to 74% of the day, P � 0.001) and ‘Off’
states duration (from 49% to 19% of the day, P � 0.001), a
significant improvement in the mean (�SD) dyskinesia
score (from 1.9 � 1.1 to 0.8 � 0.8, P � 0.001), and a reduc-
tion in levodopa dose from a mean of 1218.8 mg to 764 mg
(P � 0.001). For GPi, the double-blind assessment (N � 35)
showed a significant treatment effect with stimulation
(sequence 1 – mean motor UPDRS Off: 44 and On: 28;
sequence 2 – mean motor UPDRS On: 34 and Off: 48,
P � 0.001), with no carry-over or period effects; unblinded
assessments at 6 months showed a significant improvement
in motor UPDRS with stimulation On and medication Off
(mean baseline score 50.8, mean 6 months score 33.9,
P � 0.001), a significant small improvements with stimula-
tion On and medication On, significant improvement in ‘On
without dyskinesia’ (from 28% to 64% of the day,
P � 0.001) and ‘Off’ states duration (from 37% to 24% of
the day, P � 0.001), a significant improvement in the mean
(�SD) dyskinesia score (from 2.1 � 1.5 to 0.7 � 0.8,
P � 0.01), but no change in levodopa dose. Major adverse
events were intracranial haemorrhage (7), the number of
electrode tracks used to determine target location correlating
with the risk of haemorrhage (P � 0.05), seizures (4),
explanted of device due to infection (2) and stimulation-
induced dyskinesias (5). Although not direct comparison
was conducted, STN stimulation seemed to induce better
improvement and reduction in levodopa dose.

Subthalamic nucleus
Refer to the Burchiel et al. study, Anderson et al. [69,70] and
the DBS Study Group trial [71] above (‘Pallidal stimulation’).
Deuschl et al compared STN stimulation with best medical
therapy in a randomized-pairs trial with a 6-month follow-
up. The primary end points were the changes from baseline
to 6 months in the quality of life (assessed by the Parkinson’s
Disease Questionnaire – PDQ-39), and the severity of
parkinsonism in the ‘Off’ period (assessed by the UPDRS-III).
Secondary end points included a dyskinesia scale, UPDRS-II,

UPDRS-III during ‘On’ period, the Schwab & England Scale,
home diaries, and a neuropsychiatric evaluation. A conserva-
tive approach was used regarding missing data, that favoured
medical therapy. The trial included 156 patients (78 pairs).
The results showed that stimulation compared to medication
alone had greater benefit on the quality of life (P � 0.02) and
on the severity of motor symptoms (P � 0.01): the mean
change from baseline in the PDQ-39 scale was �9.5 � 15.3
points (95% CI �13.1 to �5.9) in the stimulation arm com-
pared with 0.2 ± 11.2 points (95% CI �2.4 to 2.9) in the
medication alone arm; the mean change from baseline in
the UPDRS-III during ‘Off’ period was �19.5 � 15.1 points
(95% CI �16.1 to �23.1) in the stimulation arm compared
with 0.4 � 9.5 points (95% CI �2.6 to 1.8) in the medica-
tion alone arm. ‘Off’ period duration was reduced by 4.2
hours in the stimulation group and remained unchanged in
the medication alone group (P � 0.001); the time spent in
‘On’ with troublesome dyskinesias was reduced by 1 hour 
in the surgical arm and increased by 1 hour in the medica-
tion alone arm (P � 0.003). Serious adverse events were
more common in the STN arm compared to the medication
alone one (13% vs. 4%, P � 0.04), including a fatal intrac-
erebral hemorrhage, though the frequency of adverse
events was higher in the medication group (64% vs. 50%,
P � 0.08); 1 patient committed suicide 5 months after 
surgery.

Limousin et al. [72] addressed the efficacy and safety of
bilateral STN stimulation in a series of 24 patients (efficacy
analysis population at 12 months: 20 patients); reasons for
drop-out were: intracerebral haematoma with persistent
paralysis and aphasia (1), infection at the implantation site
(1), death of unrelated causes (1) and impossibility to travel
to centre (1); adverse events were transient delirium, hallu-
cinations or abulia in eight patients, dyskinesia induced by
increasing voltage (18), and eyelid dyspraxia (5). Stimulation
significantly improved UPDRS scores in both the medication
On and Off conditions: medication Off mean UPDRS motor
score before surgery � 55 versus medication Off, stimula-
tion On mean UPDRS motor score � 25; medication On
mean UPDRS motor score before surgery � 18 versus medi-
cation On, stimulation On mean UPDRS motor score � 14;
10 patients followed-up for 2 years retained improvement
compared to pre-surgery. All 16 patients with painful dysto-
nia improved and 12 fully recovered; dyskinesias decreased
(not statistical significant) and motor fluctuations (item 39
from UPDRS Part IV) improved (mean score before surgery
2.2 versus 0.6 at 12 months). Levodopa dose was reduced
from a mean of 1224 to 615 mg/day.
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Katayama et al. [73] addressed the efficacy of STN DBS in
14 patients, 6–8 months after surgery, using blinded ratings
and a 2-day random-ordered protocol: 1 day with stimulator
On and 1 day with stimulator Off. Medication Off UPDRS
motor scores improved by 27% (P � 0.001) with the stimu-
lator, UPDRS ADL scores by 18% (P � 0.002), and ‘Off’
duration by 33% (P � 0.02).

Rodriguez-Oroz et al. [74] assessed the efficacy of STN DBS at
4 years after surgery in 10 patients, using a double-blind, cross-
over, randomized evaluation with two treatment sequences
and an open-label evaluation in four conditions. Stimulation
was associated with a mean reduction of 39.5% in motor
UPDRS score (Off stimulation: 43, On stimulation: 26 points,
P � 0.04); the dyskinesia severity decreased by 53% compared
to baseline (absolute decrease) (P � 0.01), medication Off ADL
UPDRS improved by 61% with stimulation (absolute decrease)
(P � 0.02), and levodopa dose decreased from 1287.5 to
641 mg (50%) (P � 0.01). Adverse events were mild and tran-
sient paraesthesia while turning stimulator On (1), dementia
(1), other cognitive impairment (2), and severe dysarthria (1).

Ford et al. [75] conducted a prospective, blinded and ran-
domized videotape rating, 1-year study in 30 patients. Two
patients could not return to final evaluation and six had
undergone other previous surgical intervention for PD.
Stimulation was associated with a 29.5% reduction in medi-
cation Off motor UPDRS score (P � 0.0001), a decrease of
‘Off’ duration from 7.25 to 2.25 h/d (P � 0.001), a signifi-
cant reduction in dyskinesia severity (P � 0.001) and a 30%
decrease in dopaminergic therapy (P � 0.001); medication
On ADL UPDRS worsened by 34.3% (P � 0.031) and
Hoehn and Yahr and Schwab and England scores kept
unchanged. Nine serious adverse events occurred: ischaemic
stroke (1), subdural haematoma (2), intracerebral haemor-
rhage (1), infection (3), and chest wall haematoma (2).

Ablative surgery
Pallidotomy
Vitek et al. [76] conducted a 6-month, blinded ratings, ran-
domized trial comparing unilateral pallidotomy with med-
ical therapy in 36 patients. At 6 months, group differences in
UPDRS was statistical significant for pallidotomy (P � 0.0001)
but not for medical therapy; dyskinesias and fluctuations also
significantly favoured surgery. Adverse events occurred in
six patients: focal motor seizures during surgery that impli-
cated the arrest of surgery and maintenance of anticonvul-
sant through follow-up period (1), a ‘seizure’ consisting of a
staring episode with facial grimacing (1), a subcortical
haemorrhage in the pallidum causing a transient worsening
in speech (1), small asymptomatic cortical haemorrhage (2),
and a small asymptomatic subcortical haemorrhage (1).

Kondziolka et al. [77] assessed the efficacy of pallidotomy
in an open-label, 1-year, prospective study in 58 patients.
Results showed a significant improvement in total ‘Off’
UPDRS score (mean of 95.8 at baseline versus 77.6 points

after surgery), and in reduction of contralateral dyskinesias
(from 1.5 to 0.9 points); reduction in dyskinesias was main-
tained in the 21 patients followed-up for 18 months.
Adverse events were mild and occurred in 9% of the
patients including dysarthria (four patients) and delirium
(one patient).

Giller et al. [78] reported the effects of pallidotomy, which
was unilateral in 49 patients. Mean ‘Off’ motor UPDRS scores
improved from 42.0 to 24.9 at 12 months (12 patients), and
dyskinesia improved from a mean 5.5 to 2.1 points. Adverse
events included speech problems (8), hemiparesis (3), cog-
nitive deficits (1), infection (1), or confusion (1); speech
problems were frequent with bilateral pallidotomies.

Shannon et al. [79] evaluated the effects of pallidotomy at
6 months in 22 patients. ‘Off’ UPDRS scores improved from
mean of 49.0 to 41.7 points at 6 months; UPDRS-based
dyskinesia scores improved in both duration (mean baseline
2.2 versus 1.0 points at 6 months) and severity (mean base-
line 1.5 points versus 0.5 points at 6 months). Adverse
events included death (1), frontal lobe haematomas (3),
cognitive and personality changes (2), frontal lobe dysfunc-
tion (3), aphasia (1), and hemiparesis (1).

Kishore et al. [80] conducted an evaluation of unilateral
pallidotomy on 23 patients (20 were followed-up for
6 months and 11 for 1 year). Total ‘Off’ UPDRS score signif-
icantly improved from a mean of 47.3 to 30.0 (6 months)
and 25.5 (1 year); and contralateral dyskinesia significantly
decreased from a mean score of 7.5 to 3.8 (6 months) and
4.3 (1 year). Adverse effects included a delayed intracerebral
haemorrhage and death (4%), transient hemiparesis and
visual field deficit (12.5%) and facial paresis (1 patient).

Krauss et al. [81] assessed the effect of unilateral pallido-
tomy at 6 months in 36 patients. Significant improvements
in motor ‘Off’ UPDRS scores (from a mean 58.1 to 33.0
points), and decrease in percentage of waking day with
dyskinesia (from 37.5 to 18.1%) were documented: Adverse
events included transient adverse effects from surgery (6),
arterial infarctions (2), and venous infarction (1).

Utti et al. [82] conducted unilateral medial pallidotomy in
20 patients. Results showed an improvement in ‘On’ and
‘Off’ motor UPDRS scores and timed tests in the contralat-
eral arm 3 months after surgery, a reduction in dyskinesia
severity (mean Goetz Dyskinesia score improved from 1.4 to
1.2 and the Mayo Dyskinesia score from 11.6 to 7.6), and an
increase in ‘On’ time obtained in nine patients (from a mean
of 4.1 to 8.8 h). Neuropsychological evaluation showed mild
decline in word fluency with no major cognitive deteriora-
tion; no significant surgical complications occurred.

The majority of the adverse events from pallidotomy are
mild and well tolerated; there is a risk of serious adverse events
including intracerebral haemorrhage, speech impairment
(especially with bilateral pallidotomy), and visual field defects.
Global neuropsychological function is usually preserved
after unilateral pallidotomy, especially when performed on
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the right hemisphere [83–85]. Nevertheless, loss of verbal
learning and verbal fluency may follow unilateral left palli-
dotomy, right hemisphere lesions may lead to transient visu-
ospatial constructional deficits, and frontal behavioural
changes were reported in 25% to 30% of patients [86].

Conclusion
There is insufficient evidence regarding the effect of DBS of
either GPi or STN, and the effect of unilateral pallidotomy, in
improving motor complications.

4. PD and psychosis
In patients with PD and psychosis, what is the benefit and safety of
clozapine, quetiapine, olanzapine for the treatment of psychosis?

Clozapine
The Parkinson Study Group randomized 60 patients with
idiopathic PD and drug-induced psychosis (DIP), in a paral-
lel group, double-blind 4-week trial, to either placebo or
clozapine, with an optional extension phase of 3 months [87].
The mean (�SE) scores on the Clinical Global Impression
Scale (CGIS; 1 � normal; 7 � among the most severely
psychotic patients ever seen) for psychosis improved by
1.6 � 0.3 points for patients on clozapine versus 0.5 � 0.2
point for patients on placebo (P � 0.001); all other psychosis
outcome measures were highly statistically significant in
favour of clozapine; there were no differences in the total
and motor UPDRS scores, and actually the tremor item 20 of
UPDRS Part III significantly improved with clozapine. There
were no significant changes in the Mini-Mental State
Examination (MMSE) in either group. Doses of clozapine
were less than 25 mg/d, with some patients responding to
6.25 mg/d. Six drop-outs occurred, three in each arm (cloza-
pine: 1 reversible leucopaenia, 1 myocardial infarction and 1
sedation; placebo: 2 increase in psychosis; 1 pneumonia).
Mean neutrophile white-cell blood count and orthostatic
blood pressure did not differ between treatments, but there
was a small but significant increase in the mean heart rate of
patients on clozapine. Fifty-three patients entered into the
extension phase (patients on clozapine): 1 dropped-out due to
reversible low white-cell count, and 6 died (unexpected high
death rate) – stroke (n � 1), bronchitis (n � 2), or unknown
(n � 3). After the end of extension phase, three other patients
died: pneumonia (n � 2) and cardiac arrest (n � 1).

The French Clozapine Parkinson Study Group enrolled 60
patients with PD, in a multicentre, placebo-controlled trial
[88]. The trial was divided in four periods: a screening phase,
a 4-week, double-blind period (period II), an open-label
period of 12 weeks (period III) and a washout period (period
IV). Patients included in the trial had a score in MMSE at least
of 20 and the DIP a minimum duration of 2 weeks. Patients
were randomized to placebo or clozapine (6.25–50 mg/day).
Mean (�SD) scores in the CGI (clozapine:�1.8 � 1.5;
placebo:�0.6 � 1.1, P � 0.011) and in the Positive Subscore

of the Positive and Negative Syndrome Scale (clozapine:
�5.6 � 3.9; placebo: �0.8 � 2.8, P � 0.001) significantly
favoured clozapine; mean UPDRS motor scores did not differ
between treatments. Mean dose of clozapine in period II was
35.8 mg/d and in period III 40 mg/d in patients previously
on clozapine and 42.5 mg/d in those previously on placebo.
At the end of period III, 25 patients fully recovered from
delusions and hallucinations; washout of clozapine was tried
in these 25 patients, but relapse occurred in 19 patients.
Overall, adverse events were more frequent in the placebo
arm. Somnolence was more frequent with clozapine; reversible
neutropenia was seen in two clozapine patients but no agranu-
locytosis was observed. Two patients in period III died (sudden
death � 1, aspiration pneumonia � 1).

Other than leucopaenia, the use of clozapine has been asso-
ciated with severe myocarditis and cardiomyopathy in physi-
cally healthy young adults, and with acute interstitial nephritis
and venous thromboembolism in psychiatric patients.

Quetiapine
Ondo et al. conducted a double-blind, parallel-group,
placebo-controlled study to evaluate the efficacy, tolerabil-
ity, and safety of quetiapine for dopaminergic-induced hal-
lucinations [89]. The study included 31 patients with a
MMSE score � 21; patients were randomized to placebo or
quetiapine, titrated up to 200 mg/day in two doses. Evaluations
took place at 3 and 12 weeks; drop-outs were not included in
the analysis if data were not available. Four patients on queti-
apine arm dropped-out (serious unrelated illness � 2; lack
of efficacy � 2) and two on placebo (death due to serious
unrelated illness � 2); Efficacy measures did not differ sig-
nificantly compared to placebo, neither did UPDRS; tolera-
bility was good; sedation occurred in nine patients taking
quetiapine and four patients referred subjective worsening
in PD.

Olanzapine
A 9-week RCT [90] compared clozapine with olanzapine in
PD patients. The study was prematurely stopped because of
unacceptable deterioration of Parkinsonism in the olanzap-
ine group. Patients were initially randomized to either cloza-
pine 6.25 mg/d or olanzapine 2.5 mg/d; mean peak dose for
clozapine was 25.8 mg/d while for olanzapine was
11.4 mg/d. Patients on clozapine showed a statistically sig-
nificant improvement from baseline in the total score of the
Assessment of Positive Symptoms Scale (SAPS) for psychotic
symptoms (from 13.5 � 7.7 at baseline to 6.6 � 6.2 at study
end, P � 0.016), in the visual hallucination item on SAPS
(from 3.9 � 1.0 at baseline to 1.9 � 1.2 at study end,
P � 0.013) and in the BPRS (from 31.4 � 7.6 at baseline to
23.8 � 3.9 at study end, P � 0.031). Motor and ADL UPDRS
subscores improved in clozapine arm but did not reach sta-
tistical significance, but the change scores for motor and
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ADL UPDRS between clozapine and olanzapine significantly
favoured clozapine (mean change of UPDRS motor score
from baseline to study end: clozapine �6.0 � 8.2, olanzap-
ine �12.3 � 11.5, P � 0.004; mean change of UPDRS ADL
‘on’ score from baseline to study end: clozapine �1.5 � 4.3,
olanzapine �3.9 � 7.2, P � 0.017; mean change of UPDRS
ADL ‘off’ score from baseline to study end: clozapine
�4.5 � 10.4, olanzapine �2.4 � 2.1, P � 0.005). The small
number of patients completing the study did not allow for
comparison of antipsychotic efficacy; patients on olanzapine
did not improve significantly over baseline in total SAPS and
SAPS visual hallucination scores. Leucocyte counts did not
change significantly in both groups.

Conclusion
Clozapine is efficacious in treating DIP, requiring however
weekly blood count monitoring due to the risk of agranulo-
cytosis. There is insufficient data regarding the effect of
quetiapine in treating DIP, while olanzapine carries an unac-
ceptable risk of deterioration of Parkinsonism.

5. Parkinson’s disease dementia
In patients with PDD, what is the benefit and safety of rivastigmine
and donepezil for the treatment of cognitive or behavioural distur-
bances? What is the risk of withdrawal?

The studies’ results are summarized in Table 20.3.

Rivastigmine
A 24-week, randomized, double-blind, parallel-group, placebo-
controlled trial [91] tested the efficacy and safety of rivastig-
mine in 541 patients with mild-to-moderately severe demen-
tia as defined by DSM-IV criteria and a MMSE score of 10–24,
and onset of dementia at least 2 years after diagnosis of PD.
Patients were randomized to rivastigmine or placebo in a 
2:1 ratio. Exclusion criteria included a history of a major
depressive episode. Treatment started with 1,5 mg of
rivastigmine or placebo twice daily, with doses increases of
3 mg/d at 4-week intervals during a 16-week escalation
period. A total of 501 patients were included in the efficacy
analysis and 131 patients (24.2%) discontinued the study
prematurely (rivastigmine � 27.3%, placebo � 17.9% of
patients) mainly due to adverse events (rivastigmine �

17.1%, placebo � 7.8% of patients). At week 24, statis-
tically significant improvements favoured rivastigmine in
the Alzheimer’s Disease Assessment Scale (ADAS-cog) score
(rivastigmine: mean improvement of 2.1 points, placebo:
mean worsening of 0.7 point, P � 0.001); in the Alzheimer’s
Disease Cooperative Study-Clinician’s Global Impression of
Change (ADCS-CGIC) score (rivastigmine: mean score 3.8;
placebo: mean score 4.3, P � 0.007; moderate or marked
improvement in 19.8% of patients in rivastigmine arm and
in 14.5% of patients in placebo arm; marked or moderate
worsening in 13% of patients in rivastigmine arm and in
23.1% of patients in placebo arm). Patients on rivastigmine
reported more aggravation of Parkinsonian symptoms (27.3%

216 Part 3: Neurological diseases

Table 20.3 Drugs treatment for Parkinson’s disease dementia.

Type of Intervention Follow-up Outcome Number of Control Relative Absolute risk Comment
study (dosage) time patients group risk reduction or
(reference) (Number (range) (95% CI) WMD

of trials)

RCT [91] Rivastigmine 6 months ADAS-cog 490 (1) 0.7 – 2.8 Rivastigmine better
(8.6 mg) versus (SD, 7.5) (4.26–1.34)
placebo

ADCS-CGIC 494 (1) 4.3 – 0.5 (0.77–0.23) Rivastigmine better
(SD, 1.5)

Withdrawals * 501 (1) 14 1.19 9% (ns) Rivastigmine worse
(2.8–0.26)

Parkinsonian Patients on rivastigmine reported more aggravation of Parkinsonian symptoms.
symptoms Differences in motor UPDRS were not significant.

RCT Donepezil 6.5 weeks ADAS-cog 19 (1) – – 1.9 (ns) Donepezil better 
Cross-over (5–10 mg) ADCS-CGIC – – – –
trial [92] versus placebo

Withdrawals * 22 (1) 1 1.0 9% (ns) Donepezil worse

(0.79–17.98)

Parkinsonian There was no impact on UPDRS.
symptoms

RCT: randomized controlled trial; CI: confidence intervals; ns: not statistically significant; SD: standard deviation; ADAS-cog: Alzheimer`s Disease
Assessment Scale; ADCS-CGIC: Alzheimer`s Disease Cooperative Study-Clinician`s Global Impression of Change score. *due to adverse events.
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versus 15.6%, P � 0.002), mainly tremor (10.2% versus 3.9%,
P � 0.01). Tremor was the cause of withdrawal in 1.7% of
patients in the rivastigmine arm and none in the placebo
arm (P � 0.19). Bradykinesia, dystonia, or muscle rigidity
were the cause for withdrawal in �0.6% of patients in both
groups. Differences in motor UPDRS were not significant
(P � 0.83). The most frequent adverse events were nausea
(rivastigmine � 29.0% versus placebo 11.2% of patients,
P � 0.001), and vomiting (rivastigmine � 16.6% versus
placebo 1.7% of patients, P � 0.001), and serious adverse
events did not differ significantly between groups.

Donepezil
A randomized, double-blind, cross-over, placebo-controlled
trial [92] evaluated the efficacy and safety of donepezil.
Patients were included if fulfilled DSM-IV criteria for demen-
tia, if had a mild to moderate dementia as defined by a MMSE
score between 17 and 26, and if dementia developed � 12
months after Parkinsonism. Each treatment period lasted 10
weeks and a washout open-label period of 6 weeks (17 half
lives) occurred between treatment periods. Safety and effi-
cacy were assessed at weeks 7 and 10 for each period.
Donepezil or matching placebo was taken at 5 mg/d for 4
weeks and then increased to 5 mg twice-a-day. Only patients
with at least one visit in the second period were included in
the efficacy analysis. Twenty-two patients were randomized
(28 were screened) for either donepezil/placebo or placebo/
donepezil; in the first period three patients (donepezil: � 1
worsening psychosis, 1 arrhythmia versus placebo � 1 wors-
ening psychosis) dropped out and were not included in the
efficacy analysis; in the second period two patients on
donepezil and one on placebo discontinued medication but
continued on the trial. Donepezil had a non-significant
improvement on ADAS-cog compared to placebo (average
score 1.9 points better than placebo, P � 0.18); scores on
MMSE (P � 0.004) and on the Clinical Global Impression of
Change scale (P � 0.0056) significantly favoured donepezil,
and no significant differences were observed on the Mattis
Dementing Rating Scale or the Brief Psychiatric Rating
Scale. The drug was well tolerated and adverse events
occurred in 52% on donepezil and in 45% on placebo:
worsening of psychosis and agitation were the most fre-
quent and occurred equally between groups; there was no
impact on UPDRS. A carry-over effects test showed a non-
significant trend in the same direction as treatment effects in
the cognitive domains.

Conclusion
Rivastigmine is efficacious in treating symptoms of mild-to-
moderately severe dementia compared with placebo, though
it might aggravate Parkinsonism, mainly tremor. There is
insufficient data to conclude about the effect of donepezil in
the treatment of PDD.

Conclusions

It was not the aim of this chapter to cover all possible answer-
able questions regarding the treatment of PD neither all thera-
peutic interventions, and that limitation is an assumed one.
We focused on those that were thought to be more impor-
tant to clinical practice and at the same time less consensual.
Sometimes, there is evidence showing both efficacy and
safety for different interventions regarding a given question;
choice between interventions will depend on different vari-
ables such as availability of drug, patient features, cost, and
physician preferences.

Until now, no intervention has proved neuroprotective.
Agonists are efficacious and safe in reducing the incidence of
motor complications, in treating motor fluctuations and in
improving motor scores in fluctuators. Both selegiline and
rasagiline are efficacious and safe as monotherapy for PD,
while rasagiline is beneficial in treating motor fluctuations,
as might be Zydis selegiline. Entacapone and tolcapone are
efficacious in treating motor fluctuations and improving
motor impairment in fluctuators, but use of tolcapone is
very limited due to safety. Amantadine and clozapine are
both beneficial in reducing levodopa-induced dyskinesias,
and clozapine in the only neuroleptic proved to be effica-
cious and safe to treat LIP. Although DBS and pallidotomy
are efficacious as symptomatic adjunct therapy to levodopa
to treat Parkinsonism, no good trial has shown evidence
regarding the treatment of motor complications. Rivastigmine
is efficacious in treating symptoms of mild-to-moderately
severe PDD, though it may aggravate Parkinsonism.
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Background

Multiple sclerosis (MS) is an autoimmune disease of the 
central nervous system resulting from the effect between
unidentified environmental factors and susceptibility genes.
Together, these factors trigger a cascade of events, involving
engagement of the immune system, acute inflammatory
injury of axons and glia, recovery of function and structural
repair, post-inflammatory gliosis, and neurodegeneration.
The sequential involvement of these processes influences
the clinical course characterized by relapses with recovery,
relapses leaving persistent deficits, and secondary progression
that causes fixed physical and cognitive disability [1].

MS is among the commonest causes of neurological disabil-
ity in young people and it has an annual incidence ranging
from 2 to 10 cases/100,000 persons/year; a north–south gra-
dient was found, lower incidence being closer to equator. Its
clinical manifestations typically occur between 20 and 40 years
of age with symptoms and signs involving different CNS
regions (optic nerve; brainstem; cerebellum; cerebral hemi-
spheres; spinal cord) [1].

Optic neuritis (ON) is a common first symptom of MS (20%)
but ON remains isolated in perhaps 50% of cases. Symptoms
may include pain in or around the eye, abnormal visual acuity
and fields, reduced colour vision, a relative afferent pupillary
defect, and abnormal visual evoked potentials. Many years
may elapse between first and second attacks, and not all
patients who experience a first attack develop MS. A prospec-
tive cohort study of patients with ON followed for up to 
31 years found that the 15-year risk of MS was 40% (95%
CI 31–52%). Most cases (60%) occurred within 3 years [2].
Another study of patients with ON found that by 10 years
38% (95% CI 33–43%) had developed MS; of these 50% had
received their diagnosis within 3 years and 72% within 5 years
[3]. In another study of patients presenting with clinically
isolated syndromes (CISs) (optic, spinal cord, or brain symp-
toms) 68% of patients had developed MS by 14 years, the pro-
portions being similar for the different presenting symptoms
but half of the original patients had been lost to follow-up, 
a fact not mentioned in the published article [4].

The diagnosis of MS is made clinically when a patient has
experienced two attacks of neurological dysfunction lasting
more than 24 h, occurring at different points in time and
affecting different parts of the central nervous system (the
Poser criteria) [5]. MRI (magnetic resonance imaging) may
help in earlier diagnosis by visualizing lesions in the brain that
are clinically silent. The McDonald criteria for the diagnosis
of MS, published in 2001, encourage a diagnosis of MS to be
made following one first clinical attack if the patient also
meets criteria for a positive MRI scan although the value of
doing this is not universally seen [6].

Expanded disability status scale (EDSS) is the most widely
used disability measure in clinical trials of MS. It is based on
the results of a neurological examination and the patient’s
ability to walk. Scores range from 0 (normal), 3 (mild 
disability), 6 (cane requirement), 7 (wheelchair use), to 10
(death from MS) [7].

MRI measurement has been accepted as an outcome meas-
ure for clinical trials and treatment decisions in MS. However,
MRI measures are weakly correlated with disability and their
long-term predictive value is unknown. Thus, no MRI meas-
ure is close to satisfying the Prentiss criteria for surrogate
marker validation. Studies to evaluate MRI measures as inde-
pendent predictors of long-term outcome are lacking and are
urgently needed [8]. Therefore, in this chapter, we consider
only clinical outcome for the evaluation of treatment efficacy,
in accordance with the Cochrane MS Group who stated that in
MS trials the primary outcome must be a clinical measure.

MS has a chronic course evolving over 30–40 years. The
clinical phenotypes include relapsing-remitting MS (RRMS),
secondary-progressive MS (SPMS), primary progressive MS
(PPMS), progressive-relapsing MS (PRMS) [9]. Patients
remaining fully ambulatory (EDSS score � 3.0) 20 years from
onset, without any treatment, accounted for 17% of all
patients or 30% of those with RRMS [10,11]. The develop-
ment of SPMS is by far the major route to permanent long-
term disability and it supervenes in about 80% of
relapsing-remitting patients by 20–25 years. After 15–18 years,
about 50% of patients need assistance to walk, are confined
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to wheelchair, bed, or have died [12–14]. The criterion for
progressive disease is continuing deterioration of disability,
without substantial remission or exacerbation, and requires
an elapsed year for confirmation in order to avoid sponta-
neous reversion [12–14]. PPMS (approximately 10% of all
patients with MS) is characterized since the beginning by a
slow worsening of neurological deficits without experienc-
ing attacks, and PRMS by a progressive course from onset
with relapses and continuing progression [9]. The possibility
that the incidence and prevalence of MS is changing could
require a reworking of outcome expectations from natural
history.

Natural history studies provide little support for the concept
that progression in MS is related primarily to a succession of
relapses, indicating that relapses play no role in longer-term
outcome in the following context: (i) no increased rate of
progression in patients with primary progressive disease and
subsequent relapses; (ii) no increased rate of progression 
in those with progressive-relapsing MS compared to SPMS;
(iii) no increase in progression rates among individuals with
single exacerbations and subsequent progression compared to
other forms of progression; (iv) no relationship between
relapse frequency and long-term outcome [13,14].

Framing clinical questions

Systematic reviews on efficacy and adverse effects of interven-
tions are set up to inform decisions about using or selecting
treatments. These decisions are about questions such as, in ON,
Does corticosteroid therapy reduce the risk of development of
MS? Does treatment of relapses with corticosteroids improve
the speed of recovery? Does early treatment with interferon
therapy delay or prevent the development of clinically definite
MS in patients with a first isolated neurological event? Are
interferons superior to other immunomodulatory or immuno-
suppressive drugs in the prevention of relapses in RRMS? Are
immunomodulatory or immunosuppressive medications effec-
tive in slowing down at long-term progression of disability?

Well-formulated questions lead to clear decisions about
what research to include and how to summarize it.

The Cochrane Collaboration methodology (www. cochrane.
org) was applied to all of the reviews for MS that are reported
in this chapter. Randomized, placebo-controlled trials that
compared active treatment with placebo in patients diagnosed
with MS (RRMS, SPMS, PPMS, PRMS) according to accepted
criteria were searched [9]. Trials in which the comparisons of
interest were confounded by other active treatments were
excluded.

General approach to search evidence

The search strategy for trials included the Cochrane con-
trolled trials register, MEDLINE (1966–2005), and EMBASE

(1988–2005), and hand-searched references in identified
trials and symposia reports (1990–2005) from the major
neurological and MS associations. Trials’ investigators and
sponsor companies were contacted in order to identify any
unpublished trials or data missing from articles.

Critical review of the evidence for 
each question

1. Corticosteroids for ON
In ON, does corticosteroid therapy (1) improve or accelerate 
recovery of visual function? (2) reduce the risk of development 
of MS?

The available evidence on the role of steroids in ON include
one clinical practice guideline produced by the Quality stan-
dards subcommittee of the American Academy of Neurology
[15], and a systematic review of three randomized controlled
trials, including 566 patients [16] (Table 21.1).

In the guideline, no attempt was made at combining data
to determine the effect of steroid therapy on visual recovery,
recurrence of ON or development of MS.

The bulk of data regarding steroids in ON comes from the
ONTT (Optic Neuritis Treatment Trial), a randomized con-
trolled trial in which 457 patients with acute ON, age 18 to 46
years, received either intravenous methylprednisolone (IV
MP) (n � 151) or prednisone per os (n � 156) or placebo
(n � 150) within 8 days of symptoms onset. Outcomes were:
(i) number of patients with complete recovery of visual acuity
at 8 days, 30 days and at longer follow-up (6–36 months), 
(ii) number of patients with relapse (recurrence of ON or clin-
ically definite MS) at 2 and 5 years.

High-doses (500 mg or more daily) IV MP for several days
followed by a taper, or ACTH, accelerated recovery of visual
acuity at 1 month with a 9% (95% confidence interval (CI)
3–15%) absolute risk reduction (ARR) of patients who did
not improve, but this effect was no longer significant at 
6 months follow-up. Oral prednisone in doses of 1 mg/kg/day
had no effect in the recovery of visual function. High-doses
IV MP therapy reduced the risk of relapse recurrence at 2 years
(7%, 1–14%); however, this effect could not be shown to
persist at 5 years follow-up.

A few major and minor side effects were reported by
the included trials, but the data available did not allow pooled
analysis. Major side effects in patients treated with high-doses
IV MP were severe depression, acute pancreatitis and macu-
lopapular eruption (rate 1–7%); minor side effects in patients
treated with high- or low-doses of IV MP or oral prednisone
were weight gain, moon facies, ankle oedema, acne, sleep dis-
turbance, mood change, facial flushing.

Given the lack of evidence of long-term efficacy for
steroid therapy for ON, factors such as patient preference,
severity of initial symptoms and adverse effects of therapy
must be considered in treatment decisions [15,16].
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Table 21.1 Steroid treatment for optic neuritis (systematic review of RCTs [16]).

Intervention Outcome Number of Control  Relative risk Absolute risk Comments
(dosage) (follow-up time) patients group risk (95% CI) reduction 

(number (range) (95% CI)
of trials)

Steroids Visual acuity 566 74% 0.89 9% Steroid therapy accelerated recovery of visual acuity at
– IV MP 1000 mg/day for 3 days then unimproved (3) (43–83%) (0.82–0.96) (3–15) 1 month (NNT � 11). In the ONTT study treatment

tapering dose (30 days) allocation was not blinded in patients randomized to
– Oral prednisone alone 1 mg/kg/day for treatment with IV MP. Heterogeneity between trials.

14 days then tapering dose Visual acuity 566 36% 0.98 1%
– ACTH for 30 days unimproved (3) (11–43%) (ns) (ns)
versus Placebo (6–36 months) The effect of steroid therapy was no longer significant

Relapse recurrence 457 14% 0.67 5% at 6 months or longer follow-up. Heterogeneity

(2 years) (1) (ns) (ns) between trials.

Clinical definite MS 388 25% 0.92 2% This outcome was reported by the ONTT study.
(5 years) (1) (ns) (ns)

High dose Relapse recurrence 301 14% 0.47 7% High-dose MP therapy reduced the risk of relapse
�500 mg IV MP/day (or equivalent (2 years) (1) (0.23–0.97) (1–14) recurrence at 2 years (NNT � 14).
dose)

Low dose Relapse recurrence 306 14% 0.87 2% Low dose of steroid therapy was no effective.
�500 mg MP/day (or equivalent dose) (2 years) (1) (ns) (ns)

High dose Clinical definite MS 259 25% 0.83 4% Both high- and low-doses IV MP therapy did not
�500 mg IV MP/day (or equivalent (5 years) (1) (ns) (ns) reduce the risk of development of MS at 5 years.
dose)

Low dose Clinical definite MS 255 25% 1.01 0%
�500 mg MP/day (or equivalent dose) (5 years) (1) (ns)

The equivalence between methylprednisolone and prednisone or ACTH was calculated considering 100 mg intravenous methylprednisolone (IV MP) equivalent to 80 mg oral prednisone
and to 16 ACTH units. MP: methylprednisolone; ACTH: adrenocorticotropic hormone; NNT: number needed to treat; ns: not statistically significant.
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2. Corticosteroids for MS
Does treatment of MS relapses with corticosteroids: (1) Improve the
speed of recovery? (2) Influence long-term recovery? (3) Prevent
subsequent relapses?

One North American [17] and two European guidelines
[18,19] and two systematic reviews are available [16,20].
Six randomized, placebo-controlled clinical trials con-
tributed to the Cochrane Review (Table 21.2) in which 377
participants (199 treatment, 178 placebo) had been ran-
domized [20]. The drugs analysed were IV MP (three trials,
89 participants), oral MP (one trial, 51 participants) and ACTH
(two trials, 237 participants).

Overall, IV or oral MP or ACTH showed a protective effect
against disability getting worse or unimproved within the
first 5 weeks of treatment (ARR 25%; 95% CI 14–35%)
with some but non-significant greater effect for IV MP
(1 g/day, over 5 days). Long-term efficacy data on disability
were available from only one trial (51 patients in the oral
MP study). The treatment effect was significant at 8 weeks,
but only borderline significant effect was observed at 1 year
in this study.

One small study reported disability data and recurrence 
of relapses at 1 year of follow-up, showing no effect of 
oral MP (500 mg/day for 5 days followed by a tapering for
10 further days) on these long-term outcome [20].

Short (3 days) or long (15 days) duration of treatment
with MP did not show any significant difference.

Although MP may be administered orally (avoiding the
need for hospital-based care), the side-effect profile of IV MP
was better, with less gastrointestinal and psychiatric disor-
ders compared to the oral formulation (Table 21.4) [20].

The optimal dosage, the specific corticosteroid to be used,
and whether to use a taper after initial pulse therapy, have
not been directly compared in randomized controlled trials.
There is insufficient data to clearly define patient subgroups
who are more likely to respond to MP treatment [19,20].

Short-term, high-dose IV MP treatment should be consid-
ered for the treatment of relapses of MS. The optimal gluco-
corticoid treatment regimen, in terms of clinical efficacy and
adverse events, remains to be established. There is a need for
further randomized controlled trials to address the question
of the appropriate regimen and whether intermittent steroid
therapy can alter the natural history of MS [16–20].

3. Interferon for CISs
Does early treatment with interferon therapy delay or prevent the
development of clinically definite MS in patients with a first isolated
neurological event?

Interferon beta-1a has been approved for individuals with first
CISs who are at relatively high risk to ‘convert to MS.’ The
Therapeutics and Technology Assessment Subcommittee of the
American Academy of Neurology and the MS Council for
Clinical Practice Guidelines suggested ‘it is appropriate to con-
sider’ treatment with approved therapies in these patients [17].

Table 21.2 Corticosteroids or ACTH for relapse treatment (systematic review of RCTs [20]).

Intervention Outcome Number of Control  Relative risk Absolute risk Comments
(dosage) (follow-up patients group risk (95% CI) reduction

time) (number of (range) (95% CI)
trials)

Steroid
– MP (500–1000 mg/day Unimproved or 330 61% 0.59 25% Steroid better

for 3–5 days) worsened* (5) (52–78%) (0.47–0.75) (14–35) No heterogeneity between trials.
– ACTH (40–60 UI per dose (5 week)

twice/day for 7 days)
versus Placebo

Unimproved or 51 68% 0.51 33% Steroid better
worsened* (1) (0.28–0.92) (8–59) One study of small sample size 
(8 weeks) with oral MP 500 mg.

Unimproved or 49 78% 0.64 28% Steroid better
worsened* (1) (0.41–0.99) (3–54) One study of small sample size with 
(1 year) oral MP 500 mg; two control 

patients lost to follow-up.

Recurrence of 51 52% 1.26 13% One study of small sample size 
relapses (1) (ns) (ns) with oral MP 500 mg.
(1 year)

ns: not statistically significant. *Least 1 point at Kurtzke’s EDSS or DSS score. 

9780727918116_4_021.qxd  2/7/07  2:57 PM  Page 224



Systematic reviews helpful to answer the question are not
available. Two clinical trials demonstrated that treatment
with interferon beta-1a reduced the likelihood of conver-
sion to clinically definite MS within 2 years of a CIS [21,22].
However, there is no evidence that delaying the second
attack by 6 months has any long-term effect on disability.
Additionally, more than half of placebo-treated patients in
both studies did not have a second attack during the 2- to 3-
year follow-up, and those who did convert to clinically defi-
nite MS usually did so during the first year, suggesting that a
brief period of observation could adequately identify the
group in most need of treatment. The incomplete benefit
from early interferon treatment is shown by the finding that
approximately 50% of interferon beta-1a-treated patients
still demonstrated clinical or MRI evidence of active disease
during the initial 18 months of treatment in one trial [23].
Furthermore the delay to next attack (in IFN study) was no
longer than it was in the ONTT methylprednisolone arm.

4. Immunotherapy for relapses prevention
What is the efficacy and safety of interferons in the prevention of
relapses in RRMS? Are interferons superior to other immunomodu-
latory or immunosuppressive drugs?

Of the treatments aimed at prevention of relapses there is
regulatory approval for type-1 interferons, and glatiramer
acetate. These drugs are recommended as the first-line treat-
ment of MS in North American and European guidelines
[17,18,24]. Mitoxantrone has been approved by the United
States Food and Drug Administration (FDA) for the treat-
ment of progressive MS, under the indication ‘for reducing
neurological disability and/or the frequency of clinical relapses
in patients with SPMS, PRMS, or worsening RRMS (i.e.
patients whose neurologic status is significantly abnormal
between relapses)’.

Interferon
The efficacy of type-1 interferons has been evaluated in 
one Cochrane Review including five randomized, placebo-
controlled trials of either interferon beta-1b (two trials), or
interferon beta-1a (three trials) involving 1.130 patients
[25] (Table 21.3). Interferon beta especially at higher doses
reduced the number of patients who had relapses during the
first year of treatment. The absolute risk reduction was 22%
(95% CI 3–41%). At 2 years’ follow-up data were not robust
and were difficult to interpret because of the many dropouts.
In one trial, only 57% of enrolled patients were followed up
for 24 months or more. Although the number of patients
who had exacerbations during the first 2 years fell signifi-
cantly in the protocol analysis (ARR 14%; 95% CI 8–19%),
results were inconclusive after sensitivity analyses.

A flu-like reaction was very common in treated patients,
and injection-site reactions were common in those who
received interferon subcutaneously. Patients treated with

interferon beta had higher frequencies of leucopenia, lym-
phocytopenia, thrombocytopenia, and raised liver enzymes
in blood than controls. The side effects were transient and
self-limiting (Table 21.4).

Glatiramer acetate
The efficacy of glatiramer acetate has been assessed in two
systematic reviews that did not provide the same results
[26,27]. Main differences between the two reviews were
inclusion criteria, data extraction and analysis. Patients
enrolled in the included trials were not homogeneous in their
risk profile. The Cochrane Review took heterogeneity across
studies into account and when pooled estimates of treatment
effect were adjusted for heterogeneity, no significant statistical
difference was found between relapse rates for patients taking
glatiramer acetate compared with those taking placebo up to
2 years [27] (Table 21.3). Up to 35 months, the relative risk of
at least one clinical relapse was not significantly decreased
with glatiramer acetate; the results of a small pilot trial were
an exception.

Glatiramer seemed to be a safe drug. The incidence of
reported adverse events was not consistent with major toxi-
city. However, a transient and self-limiting patterned reac-
tion of flushing, chest tightness, sweating, palpitations, and
anxiety associated with glatiramer acetate dosage was com-
mon, as well as local injection-site reactions (e.g. itching,
swelling, erythema, or pain) (Table 21.4).

Azathioprine
Azathioprine has probably been the drug most frequently
used for chronic immunosuppressive treatment, since the
early 1960s, but it has not been approved for MS treatment.
Five clinical trials, recent metanalyses and an ongoing
Cochrane Review indicated that the efficacy of azathioprine
compared to placebo in the prevention of relapses in RRMS
and SPMS during the first 2 years of treatment was equiva-
lent by indirect comparisons to that of interferons [28–30]
(Tables 21.3 and 21.4). This result was mainly driven by a
major study [31], which accounted for 60% of all patients
included in the reviews, but all the trials met good quality
criteria and there was not heterogeneity between them.

Adverse events were observed mainly at the beginning of
the evaluation period and consisted in gastric intolerance, in
particular vomiting often leading to discontinuation of ther-
apy, haematological and liver abnormalities more frequent in
treated than in control patients usually not requiring stopping
therapy. Frequency of infections was not significantly different
in treated and controls (Table 21.4). In the longer term there is
a risk of malignancy occurring once/1000 patient years attrib-
utable to the drug.

Mitoxantrone
Available evidence on treatment with mitoxantrone includes 
a clinical practice guideline produced by Therapeutics and
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Table 21.3 Immunotherapy to prevent relapses or disability progression for MS patients.

Intervention Type of Outcome Number Control Relative Absolute Comments
patients (follow-up time) of patients group risk risk risk 

(number of (range) (95% CI) reduction
trials) Analysis per (95% CI)

protocol Analysis per
protocol

Interferon beta (IFN) (SR) [25] RR Recurrence of relapses 582 73% 0.78 22% Heterogeneity between the trials.
– IFN-1b 8.0 MIU sc every other day (1 year)** (3) (57–78%) (ns) (3–41) The results were inconclusive after 

for 2 years Recurrence of relapses 919 69% 0.80 14% sensitivity analyses.
– IFN-1b 16.0 MIU sc 3 times week for (2 years)*** (3) (45–84%) (0.73–0.88) (8–19)

3 years
Progression of disability 919 29% 0.69 9%

– IFN-1a 6.0 MIU im weekly for 
(2 years)*** (3) (20–36%) (0.55–0.87) (3–14)

104 weeks
– IFN-1a 12.0 MIU sc 3 times week

for 2 years
– IFN-1a 12.0 MIU sc once a week for

48 weeks 
versus Placebo

Glatiramer acetate (SR) [27]
– 20 mg sc daily for 9 to 35 months RR Recurrence of relapses 289 54% 0.64 21% Heterogeneity between the trials.
– 30 mg sc twice daily for 24 months CP (1 year) (2) (51–68%) (ns) (ns) When pooled estimates were 
versus Placebo adjusted for heterogeneity, there was 

no statistical significant difference.

Recurrence of relapses 301 72% 0.84 11%
(2 years) (2) (68–73%) (ns) (ns)

Progression of disability 407 27% 0.75 7% No better than placebo in preventing 
(2 years) (3) (25–44%) (ns) (ns) clinical progression at 2 years.

No heterogeneity between the trials.



Azathioprine (6 RCTs) [28–31] RR, SP, Recurrence of relapse 543 54% 0.78 12% One study [31] accounted for 60%
2.0–4.4 mg/kg/day for 2–3 years and PP (1 year) (5) (32–68%) (0.66–0.93) (14–20) of all patients.

versus control Recurrence of relapses 532 69% 0.77 16% No heterogeneity between the trials.

(2 years) (5) (42–80%) (0.67–0.88) (8–24) The sensitivity analysis (worst-case
scenario) confirmed a treatment
effect at 1 and 2 years.

Recurrence of relapses 416 80% 0.83 14%
(3 years) (3) (68–89%) (0.74–0.93) (5–22)

Progression of disability 87 40% 0.56 17% Two trials of small sample sizes
(2 years) (2) (32–50%) (ns) (ns) reported this outcome.

Progression of disability 87 60% 0.60 23%
(3 years) (2) (46–79%) (0.37–0.97) (3–43)

Mitoxantrone (SR) [33]
– 8–12 mg/m2 every month for RR, PR, Recurrence of relapses 93 71% 0.44 40% Heterogeneity between the trials. 

6–12 months and SP (1 year) (2) (67–75%) (0.28–0.70) (22–59) One study [34] accounted for 71% 
– 12 mg/m2 every 3 months for of all patients. In this study, 26% 

2–3 years of participants dropped out.
versus Placebo Blindness not assessed completely.

Recurrence of relapses 179 68% 0.61 29%
(2 years) (2) (65–79%) (0.41–0.91) (6–52)

Progression of disability 179 24% 0.28 17%
(2 years) (2) (18–37%) (0.12–0.65) (7–27)

RR: relapsing-remitting MS; CP: chronic-progressive MS; SP: secondary progressive MS; PP: primary progressive MS; PR: relapsing-progressive MS; ITT: intention to treat analysis; 
ns: not statistically significant.
*Protocol analysis.
**Sufficient data were available from three trials (Knobler 1993, the PRISMS 1998 and the OWIMS 1999) to estimate the RRR of recurrence of relapses during the 1st year of treatment.
***Data from three trials (IFNB MS Group 1993, The MSCRG 1996, and the PRISMS 1998) were available to calculate the number of patients who continued to have relapses or progressed
during the first 2 years of treatment.
A sustained (3 or 6 months) increase in EDSS of at least one point recorded in a period when the patient had no exacerbation.



Table 21.4 Adverse effects of immunotheraphy treatments for MS (Cochrane Systematic Reviews) [20,25,27,30,33].

Adverse effects* Number of Control Protocol analysis. Comments
participants group risk Relative risk 
(number of (Range) increase 
trials) (95% CI)

Steroids OR ACTH at 5 weeks

ACTH:
– Psychic disorders 197 1% 1.83 Adverse events were not reported in all trials included in the Cochrane Reviews.

(1) (ns)
– Gastrointestinal bleeding 197 3% 0.33 Design to monitor the adverse effects of the treatment, definitions of reported 

(1) (ns) adverse effects and how were data collected were not specified for most of the studies.
IV MP:
– Psychic disorders 43 21% 1.06

(2) (ns)
– Gastrointestinal bleeding 94 0 not estimable

(3)
Oral MP:
– Psychic disorders 51 4% 5.77

(1) (ns)
Interferon beta (IFN) at 2 years
Major adverse effects** 919 3% 2.60 Information on clinical adverse vents and haematological toxic effects was reported 

(3) (1–6%) (1.37–4.93) for all trials. However, neither the definitions nor methods of quantification were 
Injection-site reactions 816 14% 4.52 specified for most of the studies.

(3) (6–22%) (3.54–5.78)
Flu-like symptoms 1199 14% 2.01

(6) (3–34%) (1.60–2.52)
Myalgias/arthralgias 1199 13% 1.93

(6) (0–24%) (1.51–2.45)
Fatigue 952 12% 1.37

(5) (5–25%) (1.01–1.88)
Headache 952 45% 1.16

(5) (12–57%) (1.02–1.33)
Increased AST 919 1% 2.72

(3) (0–3%) (1.17–6.27)
Increased ALT 919 2% 3.59

(3) (0–6%) (2.09–6.18)
Leucopenia 1004 0.5% 5.55

(5) (0–1.5%) (2.68–11.46)
Lymphopenia 618 14% 2.45

(2) (4–29%) (1.61–3.72)
Decreased haemoglobin values 383 1% 2.92

(3) (0–1%) (ns)
Thrombocytopenia 383 0.5% 5.87

(3) (0–3%) (1.34–25.61)
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Glatiramer acetate at 2 years
Major adverse effects** 538 1% 2.97 The number of patients experiencing adverse events of treatment have been counted,

(3) (0–1%) (ns) by event, in all studies. However, information on how many patients reported at least
Itching 407 9% 5.17 one adverse event whatsoever was unavailable, so that the overall incidence of

(3) (4–20%) (3.31–8.08) adverse events could not be calculated.
Swelling 407 13% 3.69 The number of patients who dropped out because of adverse effects could be

(3) (8–24%) (2.56–5.32) extracted from three studies.
Pain 646 24% 1.87

(4) (0–47%) (1.54–2.27)
Patterned reactions 646 7% 3.40

(4) (0–13%) (2.22–5.21)
Azathioprine at 3 years
Major adverse effects** 87 8% 3.17 Design to monitor the adverse effects of the treatment, definitions of reported 

(2) (0–14%) (2.37–7.23) adverse effects and how were data collected were not specified for most of the 
Gastrointestinal 688 0.6% 7.26 studies.

(5) (0–1%) (2.50–21.12) Information on how many patients reported at least one adverse event whatsoever  
Allergic reactions 604 0 5.43 was unavailable, so that the overall incidence of side effects could not be calculated.

(3) (ns)
Leucopenia 742 0 7.55

(6) (1.34–42.51)
Increased AST/ALT 742 0 6.18

(6) (ns)
Mitoxantrone
Major adverse effects** 177 3.5% 2.93 Design to monitor the adverse effects of the treatment, definitions of reported

(2) (3–5%) (ns) adverse effects and how were data collected were not specified for most of the
Cardiotoxicity (LVEF reduction below 50%) 268 0 5.72 studies.

(4) (ns) The time of appearance of the adverse event, whether early in the course of therapy 
Urinary tract infections 268 11% 2.81 or late, was not reported in any of the studies, as well as the time of withdrawn due

(4) (0–24%) (1.43–5.53) to the occurrence of adverse events.
Respiratory tract infections 268 30% 1.33 The occurrence of an adverse event was reported when present at least once,

(4) (0–51%) (0.76–2.33) irrespective of how many times it appeared.
Persistent amenorrea 152 0 8.27 Echocardiography was performed at the baseline and the end of the study [35],

(4) (1.02–67.18) at baseline, 6 and 12 months [36], at baseline, and every 6 months [37], 
Nausea/vomiting 268 15% 13.54 before treatment and once a year [34].

(4) (0–33%) (6.81–26.93) Mitoxantrone was interrupted if LVEF decreased of more than 10% from baseline 
Alopecia 268 19% 4.42 or below 50% [34,37].

(4) (0–31%) (2.45–7.99) A LVEF reduction lower than 50% was observed in 5/138 (3.6%) of treated
Increased AST/ALT 268 1.5% 5.26 participants, determining a discontinuation of therapy in 3 of them.

(4) (0–3%) (1.09–25.44)
Leucopenia 268 0 17.95

(4) (2.35–137.00)
Anaemia 168 2% 4.51

(2) (0–5%) (ns)

*Adverse effect: an adverse event for which the causal relation between the drug/intervention and the event is at least a reasonable possibility. This term applies to all interventions.
**Patients withdrawn from the study because of major adverse effects of the drug.
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Technology Assessment Subcommittee of the American
Academy of Neurology and one Cochrane Systematic
Review [32,33]. The guideline recommended ‘on the basis
of several consistent Class II and III studies, mitoxantrone
probably reduces the clinical attack rate in patients with
relapsing MS. The potential toxicity of mitoxantrone, how-
ever, considerably limits its use in patients with relapsing
forms of MS’ [32]. The Cochrane Review included four ran-
domized, placebo-controlled trials [33] (Table 21.3). The
results confirmed a role of mitoxantrone in reduction of
proportion of patients who had relapse at 1 (ARR 40%; 95%
CI 22–59%) and 2 years (ARR 29%; 95% CI 6–52%) of
treatment for RRMS and SPMS.

The frequency of major adverse effects was not significantly
different between mitoxantrone and placebo group; however,
rare adverse events are unlikely to be observed in clinical trials
of short follow-up period. Urinary tract infections, persistent
amenorrea, nausea/vomiting, alopecia, haematological and
liver abnormalities were significantly more frequent in treated
than in control patients. Moreover, given the increased reports
in the literature of cardiotoxicity and therapy-related
leukaemias events in patients treated with mitoxantrone, the
Cochrane Reviewers recommended that the drug should be
limited to treat patients with worsening of disability and who
do not respond to other treatments (Table 21.4) and who are
prepared to accept the risks.

Immunoglobulins
Efficacy of immunoglobulins in MS has been summarized
recently in a guideline produced by the Association of
British Neurologists [35] and in one Cochrane Review that
included two randomized placebo-controlled trials [36]. The
authors of both articles concluded that evidence for this
treatment in MS is insufficient to warrant its use without
clinical trials.

Each trial included in the review found that there were clear
differences in the proportions of patients remaining relapse
free on intravenous immunoglobulins. In the larger study
53% (40/75) of immunoglobulin recipients remained relapse
free during the 2-year study period. In the other included
trial, six participants remained relapse free – all were in receipt
of intravenous immunoglobulin. Each trial observed an
increase in time to first relapse: mean time to first relapse 
237 days (range 4 to 659 days) on intravenous immunoglobu-
lins compared to 151 days (range 2 to 719 days on placebo)
and median time to first relapse 233 days on intravenous
immunoglobulins compared to 82 days on placebo.

Immunoglobulins were well tolerated with a less than 5%
risk of adverse effects in participants in included trials.
Depression and skin reactions were the principal reasons
leading to withdrawal.

In conclusion, of currently available approved treatments,
type-1 interferons offer a mild short-term benefit in individ-
uals with active relapsing disease who are most likely to

respond; however, long-term efficacy on prevention of
relapses is unproven. The evidence supporting the use of glati-
ramer acetate in patients with MS is modest and there is no
consensus. Indirect comparisons indicate that the efficacy of
azathioprine on the relapse rate is equivalent to that of inter-
ferons. Therefore new trials directly comparing the efficacy of
azathioprine with that of interferons are being planned and
executed.

5. Immunotherapy for disability progression
Are immunomodulatory or immunosuppressive medications effec-
tive in slowing down at long-term progression of disability?

Interferon
Delaying of disability progression is the most important goal
of treatment for MS patients. Available evidence on the effect
of interferon beta in slowing down progression of disability
include guidelines [17,18,24], one Cochrane Review for RRMS
[25] and five clinical trials for SPMS [40–44].

From the available data of three trials, the authors of the
Cochrane Review calculated a ARR of RRMS patients who
progressed in 2 years (ARR 9%; 95% CI 3–14%) [25] (Table
21.3). However, when patients excluded from the trials (over-
all 20% patients had been excluded after randomization or
were lost to follow-up) were re-analysed by sensitivity analy-
sis, statistical significance was lost. Furthermore, the signifi-
cance of progression of disability in these three short-term
clinical trials of RRMS was uncertain, in particular whether
it was associated with development of SPMS, the main prog-
nostic determinant in MS. It has been reported that 47% of
patients in the placebo group with at least 2 years of follow-up
originally considered treatment failures were in fact tran-
sient treatment failures, likely a relapse-related phenome-
non [45]. All extended trials’ observations beyond 2 years
were open, hampering an evaluation of long-term effect of
interferons in delaying progression of RRMS patients. There
are concerns about the validity of the short-term disability
measures used in trials as surrogates for long-term unremit-
ting disability.

The American Academy of Neurology practice parameter
recommends considering interferons beta in SPMS if the
patient is still experiencing relapses, but regards its effective-
ness in patients with SPMS without relapses as uncertain
[17]. Five randomized, double blind, placebo-controlled trials
studied the effect of interferons beta on progression of disabil-
ity and number of relapses in SPMS [40–44]. The European
trial, which included 718 patients treated with either inter-
feron beta-1b or placebo for 3 years, demonstrated a reduction
in the proportion of patients who progressed �1 EDSS point at
2 years (�22%) [40]. The other trials with interferon beta-1b
in North America [41] or interferon beta-1a [42–44] failed 
to confirm this. A major factor contributing to the different
results may be the higher frequency of relapses studied in the
European trial compared with subsequent studies, suggesting

230 Part 3: Neurological diseases

9780727918116_4_021.qxd  2/7/07  2:57 PM  Page 230



Chapter 21: Multiple sclerosis: critical review of the evidence for each question 231

that the effect of interferon was limited to the relapsing phase
of the illness.

Glatiramer acetate
Glatiramer acetate was no better than placebo in preventing
disability progression at 2 years, whatever the disease course,
according to the results of the Cochrane Review [27] (Table
21.3). Furthermore, also the trials with glatiramer raised
similar concerns with respect to the definition of disability
progression as reported for trials with interferons.

Azathioprine
Information on the effect of azathioprine was available from
two small trials reporting the proportion of patients whose
disability progressed over a 2–3 years period. Their results
showed a reduction of the risk of worsening in disability
both at 2 and 3 years. The effect was statistically significant
at 3 years (ARR 23%; 95% CI 3–43%) [30] (Table 21.3).

Mitoxantrone
The American Academy of Neurology practice parameter sug-
gests a beneficial effect of mitoxantrone on disease progression
in patients with MS whose clinical condition is deteriorating.
Nevertheless the authors underline that mitoxantrone is of
potentially great toxicity and it should be reserved for patients
with rapidly advancing disease who have failed other thera-
pies [32]. The Cochrane Review emphasized that only one
small randomized placebo-controlled study is available report-
ing 6 month confirmed disability progression at 2 years in
SPMS. The proportion of patients who deteriorated of �1
EDSS point during the first 2 years fell significantly (ARR
17%; 95% CI 7–27%) in the protocol analysis, but the
results were inconclusive after sensitivity analysis (Table
21.3). The authors underlined the potential toxicity of this
medication [33].

Immunoglobulins
Evidence regarding the effect of immunoglobulins to delay
disability progression is lacking in the literature. Neither of
the two trials included in the Cochrane Review reported
data on sustained disability worsening [39].

In conclusion, evidence supporting benefit of immunomod-
ulatory or immunosuppressive agents in slowing down 
progression of disability in RRMS and in SPMS remains
questionable.

Discussion

New diagnostic criteria allow a diagnosis of MS to be made
following one first clinical attack if the patient also meets
criteria for a positive MRI scan. Interferon beta-1a has been
shown to delay the second attack by 6 months in two clini-
cal trials. Opinions vary about initiation of treatment with
interferons in every patients at the first attack [46,47]. We

agree with Pittock et al. that not all patients with MS or clin-
ical isolated syndrome should begin treatment at the time of
diagnosis [46]. We base this recommendation on the follow-
ing important lessons provided by natural history studies
and clinical trials during the last 15 years: (i) natural history
of MS is greatly variable and patients often have a favourable
course; therefore treatment should be started after a period
of observation; (ii) unremitting disability and conversion to
a secondary progressive course are the main outcome against
which to test efficacy of treatments; (iii) relationship between
relapses frequency and long-term outcome is unproven; (iv)
short-term adverse effects of drugs are a concern and their
long-term adverse effects are unknown.

The results of all clinical trials on disease-modifying agents
approved for treatment of patients with MS are limited to
short-term follow-up while their efficacy and safety in longer
follow-up are still unknown. Although interferons beta have
been licensed in several countries to treat RRMS and PRMS
patients, they are only partially effective in the short term,
and prevention of relapses and disability in the long term is
unproven. Glatiramer acetate seems to have no beneficial
effect on disability progression, the main outcome measure in
this disease, and it does not substantially affect the risk of
clinical relapses over time. Therefore, there is at present insuf-
ficient evidence to support its routine use in clinical practice
and more data are needed. Effectiveness of azathioprine in
the short- and medium-term prevention of relapses seems
equivalent to that of interferon beta, but azathioprine has
not been approved for MS. Mitoxantrone might be beneficial
in reducing disability progression in patients with rapidly
advancing disease who have failed other therapies, but its
use is hampered by significant great toxicity.

New clinical trials directly comparing the efficacy of differ-
ent treatment strategies need to be planned. New studies
must develop a reliable working definition of progression,
concealed assessment methods for patients who have adverse
effects associated with treatment, a comprehensive and rele-
vant measure of patient disability over time.
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Background

Motor neurone diseases (MND) encompass a group of neu-
rodegenerative disorders in which the premature loss of motor
neurones (lower and upper) is the essential pathological hall-
mark. They comprise MND, known as amyotrophic lateral
sclerosis (ALS) in North America and many non-English
speaking countries, spinal muscular atrophy and the post-
polio syndrome. It has additionally been suggested that heredi-
tary spastic paraparesis should be included in this group but
this remains a controversial issue.

MND is the commonest of these diseases and has an inci-
dence of 1.5–2.0/100,000 population per year. It is an inex-
orably progressive disease with a fatal outcome. Over 50% of
patients are dead within 3 years of their first symptom. It is
characterized by progressive limb paralysis. If not present at the
outset, dysphagia and dysarthria develop sooner or later and
death occurs due to respiratory failure. MND is arguably one of
the most devastating diseases known to medical science. It is
generally a disease of the late middle-aged and elderly but can
occur in younger age groups. Although most cases of MND are
sporadic, familial forms are also important and may give add-
itional insights into potential basic aetiological mechanisms.
Between 5% and 10% of MND is familial with up to 20% of
familial patients showing mutations in the copper/zinc super-
oxide dismutase (SOD1) gene. While a host of putative disease
modifying therapies have been reported only one, riluzole has
so far been licensed. The thrust of the treatment of MND is
thus mainly symptomatic and palliative. Other putative disease
modifying therapies have included nerve growth factors such
as recombinant human insulin-like growth factor 1 (IGF-1),
ciliary neurotrophic growth factor (CNTF) and bovine-derived
nerve growth factor (BDNF) as well as xaliproden, a drug given
orally and thought to enhance nerve growth factor gene
expression and ONO2506, a putative astrocyte stabilizing drug.
Further potential disease modifying treatments including stem
cell therapy are still in their infancy and evidence from 
randomized clinical trials (RCTs) is not yet available.

Criteria for the diagnosis of MND were initially aimed at
providing a tool which could be used to facilitate multicentre
international clinical trials and further investigations of famil-
ial MND. These were based on the outcome of a Workshop
held under the auspices of the World Federation of Neurology

in 1990 and are known as the Escorial Criteria. They were
updated following further Workshops at Airlie House in 
1994 and 1998 (the ‘Revised Criteria for the Diagnosis of
Amyotrophic Lateral Sclerosis’, www.wfnals.org/guidelines/
1998elescorial/elescorial1998). A schema for the use of these
criteria is given in Table 22.1 and Figure 22.1.

Framing answerable clinical questions

Major current therapeutic issues in MND can most conveni-
ently be summarized as follows for the purposes of framing
the core questions to be addressed in the remainder of this
chapter:
1 Do any pharmacological treatments prolong survival in
patients with possible or definite MND?
2 How does non-invasive ventilatory support affect probabil-
ity of survival and quality of life (QoL) in patients with MND?
If non-invasive ventilatory support is to be used when is it
best to start?
3 How does long-term mechanical ventilation (LTMV) affect
survival and QoL in patients with MND with respiratory
insufficiency?
4 Does mechanical insufflation–exsufflation (MI-E) allevi-
ate respiratory symptoms in patients with MND who have
excessive secretions?
5 How does feeding gastrostomy improve nutritional state
and probability of survival in patients with MND with bulbar
involvement?

General approach to the search 
for evidence

High-quality evidence was first sought in the Cochrane
Database of Systematic Reviews (CDSR) searching for 
reviews relating to ALS, MND and motoneurone disease. The
Cochrane Central Database of Controlled Trials was also
searched for clinical trials relevant to ALS/MND. This was fol-
lowed by searches on Medline using search strings ‘MND’ 
and ‘ALS’ to identify papers relevant to ALS/MND and ‘rilu-
zole’, ‘IGF-1’, ‘CNTF’, ‘BDNF’, ‘amino acid’, ‘lamotrigine’,
‘gabapentin’, ‘minocycline’, ‘xaliproden’, ‘vent*’, ‘resp*’,
‘sniff’, ‘nippv’, ‘insuffl*’, ‘exsuffl*’, ‘cough’, ‘dysphagia’, 
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‘bulbar’, ‘peg’ and ‘gastrost*’ to identify papers relevant to the
questions asked in this chapter.

Critical review of the evidence for 
each question

1. Pharmacological treatment
Do any pharmacological treatments prolong survival in patients
with possible or definite MND?

A whole host of drugs have been postulated as potential disease
modifying therapies in MND. The effectiveness of virtually all
these drugs in prolonging survival has not been supported by
evidence from RCTs. The glutamate release inhibitor riluzole
has however been licensed as a disease modifying treatment in
many countries and IGF-1 is undergoing further investigation
in North America. The clinical effectiveness of both riluzole and
IGF-1 has been examined in Cochrane Systematic Reviews.
Cochrane Systematic Reviews have also been undertaken for

Weakness/atrophy/hyper-reflexia/spasticity
progression overtime

EMG/NCV/neuroimaging/biopsy
neuropathology

LMN signs only
�1 region

UMN signs only
�1 region

LMN + UMN
1 region
or UMN

�1 region

LMN � UMN
1 region

LMN � UMN
2 regions

LMN � UMN
3 regions

Definite
familial ALS
laboratory
supported

Identified
DNA
gene

Probable ALS
laboratory
supported

Suspected
ALS

Possible
ALS

Probable
ALS

Definite
ALS

EMG acute
denervation

�2 limbs

Figure 22.1 Criteria for the
diagnosis of ALS/MND. EMG:
electromyography; NCV: nerve
conduction velocity; LMN: lower
motor neurone; UMN: upper
motor neurone.

Table 22.1 Summary of modified Escorial Criteria (Airlie House Revision) of diagnosis of ALS/MND.

Category of diagnosis

Suspected Possible Definite familial, Probable, laboratory Probable Definite
laboratory supported
supported

Clinical Lower motor neurone Lower � upper Lower � upper motor Lower � upper motor Lower � upper motor Lower � upper 
requirements signs only in one or motor neurone neurone signs in only neurone signs in one neurone signs in motor neurone 

more regions or upper signs in only one region region or upper motor two regions signs in three 
motor neurone signs one region neurone signs in one regions
in one or more regions or more regions

Laboratory Gene identified Electromyography 
requirements (EMG) shows acute 

denervation in two 
or more limbs

Adapted from www.wfnals.org/guidelines/1998elescorial/elescorial1998schema.htm.
To make a diagnosis of ALS/MND under any of the above criteria there must also be:
1 evidence of progression over time;
2 no objective sensory signs which cannot be explained on the basis of a co-morbidity.
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branch-chain amino acids, antioxidants and CNTF. A review of
creatine is in progress. Some of the evidence relating to those
interventions which have been the subject of Cochrane Sys-
tematic Reviews is summarized in Table 22.2.

Riluzole
The first RCT of riluzole demonstrated a modest increase in
survival in patients treated with riluzole compared to those
given placebo [1]. Many questions were however raised by
this study, particularly the apparent disproportionate benefit
observed in bulbar as opposed to limb onset patients [2]. 
A larger dose ranging study also suggested a small prolonga-
tion of survival in patients receiving riluzole 100 and 200 mg
daily [3]. A third trial in France and Belgium involved patients
with advanced MND not included in these studies [4]. This
study did not show a significant survival advantage from rilu-
zole. A fourth trial in Japan with multiple outcome measures
was also negative [5].

The Cochrane Systematic Review [6] concludes that riluzole
100 mg daily prolongs life by about 2 months in patients with
probable and definite MND with symptoms of less than 5 years
duration, forced vital capacity (FVC) greater than 60% and age
less than 75 years. The most frequent side effects are nausea

and asthenia. Alterations of liver function tests sometimes
occur and should be monitored with monthly for the first 
3 months and 3 monthly thereafter.

IGF-1
RCTs of IGF-1 in MND have so far yielded conflicting results.
Two have so far been published. One [7] suggested slowing of
progression of functional impairment and QoL, but this was
not confirmed in a second, smaller trial [8]. The larger study
compared IGF-1 0.05 and 0.1 mg/kg/day with placebo and the
smaller IGF-1 0.1 mg/kg/day with placebo. The methodology
of both trials was considered unsatisfactory due to a high 
risk of bias. A substantial number of patients receiving IGF-1
experienced drug-related adverse effects including injection
site inflammation which could also have adversely affected
blinding. IGF-1 seems otherwise a well-tolerated and safe
drug. Its efficacy in MND remains unproven. RCTs to date
have been seriously compromised by details of trial design 
[9]. Maximizing potential efficacy of IGF-1 and other neu-
rotrophins in MND may also depend on effective delivery of
the trophin to the site of the pathology. It is possible that such
manipulations may be extendable to human studies to achieve
an improved treatment effect.

Table 22.2 Drugs that could alter the natural history of ALS/MND.

Types of Intervention (dosage) Outcome Number of Control Relative Absolute risk Comments
study (follow-up patients group risk risk reduction 
(reference) time) (number (95% CI) (95% CI) (95% CI)

of trials)

SR [6] Riluzole (100 mg daily) Death or 799 44% 0.78 10% Riluzole better 
versus placebo tracheostomy (3) (37–64) (0.75–0.92) (3–16) Heterogeneity between studies

(12 months)

Nausea 801 2.2% 1.55 �5% Riluzole worst
(3) (1.2–3.4) (1.06–2.28) (1–9) Incomplete data

SR [9] IGF-1 (0.05–0.1 mg/kg/day) Death 449 19% 1.11 �8% IGF-1 worst
versus placebo (12 months) (2) (17–24) (1.00–1.23) (0–16) Methodology of trials unsatisfactory

Inconsistent disease progression

Injection site 449 8% 3.16 �17% IGF-1 worst
inflammation (2) (7–10) (1.77–5.62) (11–24) Main adverse effect

SR [10] CNTF (3.5–90 �g/kg for Death 1300 25% 0.93 1% CNTF better
week) versus placebo (6–9 months) (2) (17–20) (0.71–1.23) (ns) Reactivation of facial herpes as

adverse effect

SR [11] BCAA (valine 6–6.4 g/day, Death 98 29% 1.41 �12% BCAA worst
leucine 12 g/day, isoleucine (12 months) (2) (18–31) (0.83–2.41) (ns) Assessment of outcomes difficult
6–8 g/day) versus control

SR [12] Antioxidants versus placebo Death or 426 31% 0.94 4% Antioxidant better
tracheostomy (3) (34–43) (0.83–1.06) (ns) Diverse interventions (�-tocopherol,
or ventilatory acetylcysteine, L-methionine  
support vitamin E, selenium)
(12 months)

BCAA: branch chain amino acids; SR: systematic review; ns: not statistically significant.
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CNTF
A Cochrane Review has also examined the efficacy of CNTF in
MND. Two randomized trials were identified including 1300
MND patients treated with CNTF. No significant differences
were observed between the CNTF and placebo groups for sur-
vival, the primary outcome measure. A significant increase of
adverse events occurred in patients given higher doses of
CNTF. As with IGF-1, alternative delivery methods might
however be usefully evaluated in the future [10].

Amino acids
Amino acid preparations have also been suggested as pos-
sible disease modifying treatments for MND. A Cochrane
Review addressed the potential efficacy of amino acids in
prolonging survival and/or slowing the progression in MND.
No benefit could be demonstrated for either branch-chain
amino acids or L-threonine in improving survival in MND.
There was no evidence of an effect of any of these treat-
ments on muscle strength or disability as measured by 
functional rating scales [11].

Free radicals
Free radicals and reactive oxygen species have been strongly
implicated as potential aetiological vectors in MND. A range of
antioxidant medications have been investigated as possible dis-
ease modifying treatments. A Cochrane Review (Table 22.1)
examined the effects of antioxidant medication in MND. Of 21
studies identified only 8 met the inclusion criteria. There was
felt to be insufficient evidence of efficacy of individual antioxi-
dants, or antioxidants in general to justify the use of antioxi-
dant treatment in people with MND. Many were poorly
designed, under-powered, of short duration and had low
number of participants [12].

BDNF
On the basis that BDNF is a potent survival factor for motor
neurones 1135 MND patients were randomized to placebo,
25 or 100 �g/kg BDNF for 9 months. There was no benefit of
BDNF treatment for any of the primary end points. Among
the 60% of patients with baseline FVC of �91% predicted,
survival was significantly greater for 100 �g/kg BDNF versus
placebo. In the 20% treated with BDNF 100 �g/kg who
reported altered bowel function, 9-month survival was signifi-
cantly better than placebo. Further clinical trials of BDNF using
either intrathecal delivery or high-dose subcutaneous admin-
istration were suggested [13]. The safety and tolerability of
intrathecal BDNF have since been investigated. Twenty-five
patients with probable or definite MND received either BDNF
(25, 60, 150, 400 or 1000 �g/day) or placebo in a 12-week,
randomized, double-blinded, sequential, dose-escalation study.
In each dose cohort four patients received BDNF and one
received placebo. The majority of patients receiving BDNF
reported mild sensory symptoms, including paraesthesiae.
Sleep disturbance, dry mouth, agitation and other behavioural

effects were encountered at higher doses (�150 �g/ day).
Cerebrospinal fluid (CSF) BDNF levels were directly related to
dose. Intrathecal treatment with BDNF in doses of up to
150 �g/day was well tolerated and feasible. The number of
patients and study design did not allow conclusions on efficacy
to be made [14].

Lamotrigine
The suggestion that glutamate excitotoxicity might be impli-
cated in the pathogenesis of MND lead to a double-blind,
placebo-controlled trial of lamotrigine 100 mg/day in which
67 patients were entered. This dose of lamotrigine did not
seem to alter the course of MND [15]. A second study exam-
ined the effect of lamotrigine 300 mg/day. Thirty patients
completed this double-blind, placebo-controlled, crossover
study. No effect of lamotrigine on the progression of MND
was found [16].

Gabapentin
A randomized, double-blind, placebo-controlled phase II 
trial was undertaken to evaluate the efficacy of gabapentin
2.4 g/day in slowing the rate of decline of muscle strength in
152 patients with MND. The primary outcome measure was
the slope of the arm megascore and the secondary measure
FVC. A non-statistically significant trend (P � 0.057–0.08)
was observed towards slower decline of arm strength in
patients taking gabapentin compared with placebo. No effect
on FVC was observed [17]. A phase III trial compared
gabapentin 3.6 g or placebo daily for 9 months. The mean rate
of decline in arm muscle strength was not significantly differ-
ent between the groups. There was no beneficial effect upon
the rate of decline of secondary measures and no symptom-
atic benefit [18].

Minocycline
A double-blind, randomized, placebo-controlled feasibility
trial of minocycline in MND included 19 MND patients who
received 200 mg/day or placebo for 6 months. There were no
significant differences in adverse events. In a second, 23 MND
patients received up to 400 mg/day in an 8-month crossover
trial. The mean tolerated dose was 387 mg/day. There was a
trend towards more gastrointestinal symptoms (P � 0.057),
and the urea and liver enzymes became elevated (P � 0.05)
in the minocycline treated patients. A phase III trial was 
initiated on the basis of these results [19].

Xaliproden
The safety and functional efficacy of xaliproden was tested in
a double-blind, placebo-controlled study which included 
54 MND patients treated for up to 32 weeks. The 6-month
intent-to-treat analysis showed no statistically significant
effect but a trend in favour of 2 mg xaliproden compared to
placebo for reduction in the rate of deterioration of FVC, limb
functional score and manual muscle testing. These results
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were thought to suggest a possible disease modifying effect
[20]. On the basis of these results two further randomized,
double-blind, placebo-controlled, multicentre, multinational
studies were undertaken to assess efficacy and safety. Patients
were randomly assigned to placebo, 1 or 2 mg xaliproden
orally in the first study (n � 867 patients); or the same with
riluzole 50 mg b.i.d. background therapy in both groups in the
second study (n � 1210 patients). The two primary endpoints
were time to death, tracheostomy or permanent assisted ven-
tilation and time to vital capacity (VC) �50%. Significant
results were not obtained in either of these studies [21].

2. Assessment of respiratory function
How does non-invasive ventilatory support affect probability of sur-
vival and QoL in patients with MND? If non-invasive ventilatory
support is to be used when is it best to start?

The assessment of respiratory function in MND has tended to
focus on VC, FVC and forced expiratory volume (FEV1), the
usual procedure being to compare readings from individual
patients with those predicted for persons of the same age, sex,
height and weight. These physiological parameters are thus
expressed as percentages of the predicted value (i.e. ‘% pre-
dicted’). More recently novel methods such as sniff pressures
have been evaluated.

An early indication that respiratory function monitoring
might be valuable in following the course of MND came from
a study of 218 patients. Most patients were found to have
characteristic abnormalities in pulmonary function, including
reduced FVC. FVCs as low as 50% predicted were commonly
missed by clinical evaluation [22]. Subsequent experience has
confirmed the importance of monitoring respiratory function
in the routine care of people with MND and established the
vital role of pulmonary function testing in trials of putative
disease modifying treatments.

Jackson et al. noted that there was no consensus on the
physiological marker of choice to trigger the initiation of non-
invasive positive pressure ventilation (NIPPV) in MND. Advice
at that time recommended that the decision should be based
on FVC. Twenty MND patients with FVC 70–100% predicted
were reviewed. Baseline measurements included the ALS
functional rating scale-respiratory version (ALSFRS-R), SF-36,
FVC%, maximal inspiratory pressure (MIP), maximal expira-
tory pressure (MEP) and nocturnal oximetry. The patients
were randomized to receive NIPPV based on either nocturnal
oximetry studies suggesting oxygen desaturation �90% for
one cumulative minute (‘early intervention’) or FVC �50%
(‘standard of care’). At enrolment, there was no significant
correlation between FVC% and the ALSFRS-R, MEP, MIP, or
duration of nocturnal desaturation �90%. An increase in the
vitality subscale of the SF-36 was demonstrated in 5/6 patients
randomized to ‘early intervention’ with NIPPV. The data indi-
cated that FVC% did not correlate well with respiratory symp-
toms and suggested that MIP and nocturnal oximetry may be

more sensitive measures of early respiratory insufficiency. It
was suggested that earlier institution of NIPPV might result in
improved QoL [23].

Lyall et al. related physiological measurements to biochemi-
cal markers of respiratory failure. Respiratory muscle strength
(RMS) was measured in 81 MND patients to evaluate the rela-
tionship between RMS and the presence of ventilatory failure,
defined as a carbon dioxide tension of 6 kPa or less. Parameters
studied included VC, static inspiratory and expiratory mouth
pressures (MouthIP, MEP), maximal oesophageal, transdi-
aphragmatic and nasal sniff (SNP) pressures. No test had sig-
nificant predictive power for hypercapnia in patients with
significant bulbar weakness. It was concluded that in MND
patients without significant bulbar involvement, novel tests of
RMS have greater predictive power for hypercapnia than con-
ventional tests. In particular, the non-invasive SNP is more
sensitive than VC and MouthIP, suggesting that SNP could use-
fully be included in tests of RMS in MND [24].

The potential utility of SNP in testing RMS in MND was also
tested in 16 patients examined monthly over a period of 8–28
months. SNP was recorded in parallel with maximal inspira-
tory pressure (PI(max)) and maximal expiratory pressure
(PE(max)). It was concluded that SNP was the single respira-
tory test best combining linear decline, sensitivity in mild dis-
ease and feasibility of use in advanced disease [25].

Attention has also been drawn to the possible use of respira-
tory function testing as a predictor of QoL in MND. Most MND
patients have evidence of respiratory muscle weakness at diag-
nosis. Sleep disruption, due to apnoea, hypopnoea, orthop-
noea or REM-related desaturation is common. The relative
impact of these factors on QoL was studied in 23 people with
MND. QoL was assessed using generic and specific instruments,
and RMS by measurement of VC, maximum static pressures
and SNP. Overall limb and axial muscle strength was estimated
using a summated muscle score based on the MRC scale. There
were moderate to strong correlations between QoL and all
measurements of respiratory muscle function. Multivariate
analysis suggested that maximum static inspiratory pressure
was the strongest independent predictor of QoL [26].

3. NIPPV
How do we decide when to institute NIPPV?

MND patients with alveolar hypoventilation were reviewed
to demonstrate variability in symptoms, physiological status
and outcome following the institution of NIPPV. These were
27 consecutive patients who tolerated NIPPV for more than
4 h per 24-h period for more than 2 weeks. All met the El
Escorial Criteria for the diagnosis of MND. Spirometry was
measured in the sitting and when possible, the supine pos-
itions. Resting arterial blood gases were available in 22.
Orthopnoea was the most common symptom at the com-
mencement of NIPPV. No correlation existed between age at
institution of NIPPV, duration of effective use of NIPPV or VC
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and duration of effective use of NIPPV. The lack of correlation
between VC at the institution of NIPPV and duration of its
effectiveness suggest that more sensitive indicators for 
the onset of alveolar hypoventilation should be defined, par-
ticularly since the principal benefit from its use is relief of
symptomatic alveolar hypoventilation. No clear guidance was
thus given on the optimum timing for the institution of
NIPPV [27]. In the absence of clearer pointers attention
should be given to the occurrence of orthopnoea in following
up patients with MND and the possible need for respiratory
support considered when this symptom is reported.

Cognitive dysfunction is present in a proportion of non-
demented patients with ALS and respiratory muscle weakness
in MND can lead to nocturnal hypoventilation, resulting in
sleep disturbance and excessive daytime somnolence.
Nocturnal sleep deprivation might contribute to impaired cog-
nitive function. Cognitive function was evaluated in 9 MND
patients with sleep disturbance caused by nocturnal hypoven-
tilation (NIPPV group) and 10 similar patients without ventila-
tion problems (control group). The NIPPV group then started
nocturnal NIPPV. After about 6 weeks, cognitive function was
reassessed. Statistically significant improvement in two of the
seven cognitive tests was demonstrated in the NIPPV group,
with a trend towards significant improvement in two others.
Scores in the control group did not improve significantly.
Nocturnal hypoventilation and sleep disturbance may be asso-
ciated with cognitive dysfunction and this might be helped by
NIPPV. These observations have important implications for the
investigation of cognitive dysfunction in non-demented
patients with MND, and the effect of ventilation on QoL [28].

A further study examined the potential effect of NIPPV on
QoL in MND more specifically. QoL was prospectively studied
using the SF-36 in 16 ventilated MND patients. NIPPV
improved scores in the ‘vitality’ domain by as much as 25%
for up to 15 months. NIPPV was not associated with reduced
QoL [29]. Although it is suggested that NIPPV probably
improves survival in MND, the magnitude and duration of
any improvement in QoL and the optimal criteria for initiat-
ing treatment are unclear. QoL was serially evaluated using
the SF-36 scale, chronic respiratory disease questionnaire,
sleep apnoea QoL index, respiratory function and
polysomnography in 22 MND patients. A trial of NIPPV was
offered when subjects had orthopnoea, daytime sleepiness,
unrefreshing sleep, daytime hypercapnia, nocturnal desatura-
tion or an apnoea–hypopnoea index �10. Of 17 subjects
offered NIPPV 15 accepted, and 10 continued treatment sub-
sequently. Outcome was assessed by changes in QoL and NIV
(non-invasive ventilation) compliance. Subjects were fol-
lowed to death or for at least 26 months. QoL domains assess-
ing sleep-related problems and mental health improved.
Median survival following successful initiation of NIPPV was
512 days. Survival and duration of improved QoL were
strongly related to NIPPV compliance. VC declined more
slowly following initiation of NIPPV. Orthopnoea was the 

best predictor of benefit from, and compliance with, NIPPV.
Moderate or severe bulbar weakness was associated with
lower compliance and less improvement in QoL. NIPPV may
thus be associated with improved QoL and survival. Subjects
with orthopnoea and preserved bulbar function showed the
largest benefit [30].

A more recent study by the same group monitored a cohort
of 92 patients for orthopnoea, maximum inspiratory pressure
�60% predicted or symptomatic hypercapnia. When one of
these criteria had been met patients were randomly allocated
to NIV or ‘standard care’ not including NIV. Median survival
of the NIV treated patients was 219 days as opposed to 171
days for those given ‘standard’ care. Primary end points were
time to 75% of baseline level for the mental component sum-
mary of the SF36 (168 days for NIV treated, 99 days for
‘standard’ care) and the sleep apnoea, QoL; index symptoms
domain (192 days for NIV treated, 46 days for ‘standard’
care). The authors commented that NIV increased patient sur-
vival and QoL, and that the survival advantage was much
greater than that from currently available neuroprotective
therapy [31].

4. Invasive assisted ventilation
How does LTMV affect probability of survival and QoL in patients
with MND with respiratory insufficiency?

This is a controversial issue and considerable differences exist
in approach and practice in different countries. Acute respira-
tory insufficiency (ARI) with alveolar hypoventilation or inca-
pacitating dyspnoea without peripheral muscle involvement
can both be early features in MND. It has been suggested that
such patients might benefit from more invasive assisted venti-
lation (LTMV).

Moss et al. examined advance care planning and outcomes
of patients with MND receiving LTMV in a population-based
study in homes and chronic care facilities. Seventy-five MND
patients were identified; 50 of the 58 (86%) who were able to
communicate consented to structured interviews, 36 at home
and 14 in an institution. Thirty-eight had completed advance
directives, and 96% wanted them. Thirty-eight also wished to
stop LTMV in certain circumstances. Those who had completed
advance directives were more likely to have communicated
their preference to stop LTMV to their family and physician
than those who had not (76% versus 29%; P � 0.05). Patients
living at home rated their QoL as being better than those in an
institution (7.2 versus 5.6; P � 0.0052). Their annual expenses
were also less ($136,560 versus $366,852; P � 0.0018). Most
patients receiving LTMV would want to stop it under certain
circumstances, and advance care planning enhances commu-
nication of patient preferences to family and physicians. Home-
based LTMV is less costly and associated with greater patient
satisfaction [32].

A further study made a retrospective analysis of the results
of LTMV in 10 MND patients. LTMV outside the intensive care
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unit (ICU) was found to be possible in these patients and
seven of these returned home. Return to the home environ-
ment was however found to be very difficult for ventilator-
dependent patients lacking family support [33].

Moss et al. conducted a further study to better inform MND
patients about home ventilation. They gathered data on the
prevalence of MND patients on home ventilation in Northern
Illinois and the percentage who chose it, and asked patients,
families and physicians about attitudes towards home ventila-
tion. Fewer than 10% of MND patients had chosen home ven-
tilation, and less than 5% remained on it for any length of
time. Seventeen (90%) were however glad to have chosen
home ventilation and would choose it again. Family caregivers
reported major burdens. Only half said they would choose it
for themselves. The mean yearly cost of home ventilation was
estimated at $153,252. Home ventilation thus seems effective
for a small number of MND patients but imposes significant
burdens on families [34].

A more recent retrospective study evaluated a protocol for
early respiratory assessment of MND patients who might be
helped by LTMV in their homes and investigated the effects of
the protocol and bulbar involvement on the survival of
patients receiving NIPPV. LTMV was indicated in 86 MND
patients, 22 of whom presented with bulbar involvement.
Treatment with LTMV had been initiated in one group of
patients before and in a second group after protocol initiation.
The majority of patients in the first group began treatment
with LTMV during an acute episode requiring ICU admission
(P � 0.001) and tracheal ventilation (P � 0.025), with a lower
percentage of patients beginning LTMV treatment without ARI
(P � 0.013). No significant differences in survival were found
between the groups but greater survival was observed in the
second group (P � 0.03) when patients with bulbar involve-
ment were excluded. Multivariate analysis showed bulbar
involvement to be an independent prognostic factor for sur-
vival (relative risk, 1.6; 95% confidence interval, 1.01–2.54;
P � 0.04). It was concluded that early and systematic respira-
tory evaluation is necessary to improve the results of LTMV in
patients with MND [35].

The implementation of LTMV varies widely in different
countries. LTMV appears sometimes to be helpful in small
number of MND patients but imposes considerable additional
burdens on families and carers. LTMV may also be less useful
in patients with substantial bulbar involvement.

5. Cough assist devices (insufflation/exsufflation)
Does MI-E alleviate respiratory symptoms in patients with MND
who have excessive secretions?

There has been recent interest in cough assist devices (insuffla-
tion/exsufflation) in the alleviation of respiratory symptoms in
MND. Elimination of airway secretion is a major issue in the
care of patients with MND. Bulbar muscle weakness is often a
reason for failure of NIPPV and may lead to tracheostomy.

Expiratory aids may help to overcome these problems, at least
for a while. Lahrmann et al. reported a patient with advanced
MND, receiving nocturnal NIPPV, who was reported to benefit
from regular use of an MI-E device [36]. Other studies have
included other disorders associated with excessive secretions
and have not focused exclusively on MND. One examined the
physiological effects and tolerance of MI-E prospectively in
patients with chronic ventilatory failure from various causes 
in 13 MND patients, 9 with severe COPD and 7 with other
neuromuscular disorders. The results suggested good tolerance
and physiological improvement in patients with restrictive and
obstructive disease, suggesting that MI-E may be a useful com-
plement to NIPPV for patients with a wide variety of neuro-
muscular diseases [37]. A further investigation focused on 26
consecutive patients with MND, 15 of whom had severe bul-
bar dysfunction. Although both groups had a similar time from
MND symptom onset to diagnosis, differences (P � 0.05) were
found between non-bulbar and bulbar patients in lung func-
tion and cough capacity parameters: MI-E is able to generate
clinically effective peak cough flows in stable MND patients
except for those with bulbar dysfunction who also have a
maximum insufflation capacity �11 and peak cough flow
maximum insufflation capacity �2.7 L/s who probably have
severe dynamic collapse of the upper airways during the
exsufflation cycle. Clinically, stable patients with mild respira-
tory dysfunction probably only benefit from MI-E except dur-
ing an acute respiratory illness [38].

6. Feeding gastrostomy
How does feeding gastrostomy improve nutritional state and proba-
bility of survival in patients with MND with bulbar involvement?

In the natural progression of MND, a state of malnutrition
often develops, associated with reduced oral intake, caused
by difficulties with swallowing and/or anorexia. The issue of
when and how a feeding tube should be inserted remains
controversial.

It is well established that bulbar involvement in MND is an
adverse prognostic indicator on account of a higher risk of aspi-
ration and consequences of dysphagia. One study assessed the
effects of percutaneous endoscopic gastrostomy (PEG) in 31
MND patients with bulbar involvement at 3-monthly intervals
over 2 years following PEG insertion. The data were compared
with a control group of 35 MND patients who refused PEG.
Mortality did not differ significantly between the two groups
during the first 6 months but after this time was lower in the
PEG group. In the patients who had had PEG, the body mass
index showed a mild but statistically significant improvement
while in the controls it decreased significantly. It was suggested
that PEG could improve survival in elderly and young MND
patients with bulbar involvement, enhance QoL and help inte-
gration in social and family surroundings [39].

In a further study, safety and factors related to survival after
PEG were reviewed in a series of 50 consecutive MND patients.
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No major acute or long-term complications were observed.
Stabilization or increase in weight were observed after PEG.
Median survival after PEG was 185 days, with a worse out-
come in patients with weight loss �10% healthy body weight
and FVC �65%. It was noted that PEG may be a useful option
in the symptomatic treatment of dysphagia in MND [40].

PEG insertion has been considered a reliable route for nutri-
tion and hydration in MND patients with dysphagia. A retro-
spective analysis of the CNTF and BDNF databases was made
to determine the clinical status of MND patients during the 
30 days preceding PEG insertion. By comparing the rate of
decline pre- and post-PEG, nutritional supplementation via
PEG seemed to stabilize the weight loss otherwise experienced.
Death within 30 days of PEG was associated with a marked
reduction in FVC and identified a group of patients in whom
PEG should be inserted with caution. These data were thought
to emphasize the importance of sequential measurement of
FVC in managing MND patients to guide the timing of PEG
insertion [41].

Thirty-three MND patients with erect or supine FVC
�50% predicted underwent attempted PEG placement using
NIPPV, oxygen support and conscious sedation anaesthesia.
Gastrostomy tubes were successfully placed in all patients.
Mean survival was 211 days with 67% surviving �180 days.
FVC at the time of PEG placement did not predict survival [42].

A retrospective evaluation of gastrostomy placement in 36
MND patients over a 3.5-year period attempted to determine
the optimal insertion method. Twenty patients were referred
for PEG and 16 for radiologically inserted gastrostomy (RIG).
Gastrostomy method, success rate of each technique and rea-
son for procedure failure were reviewed in each patient. Pre-
operative FVC was recorded. The log-rank test was used to
compare survival rates after PRG (percutaneous radiological
gastrostomy) and RIG, and the Wilcoxon-rank sum test to
evaluate the influence of declining FVC on PEG success. The
Kaplan–Meier product limit method was used to estimate sur-
vival probabilities. Of 20 patients referred for PEG, 11 were
successful. The nine failures resulted from failure to transillu-
minate the abdominal wall. All 16 patients initially referred for
RIG were successful. The nine patients in whom PEG failed
subsequently had a successful RIG. In patients with diaphrag-
matic palsy and a high subcostal stomach, an angled subcostal
approach or intercostal approach was recommended for RIG
insertion. One aspiration-related death occurred in the PEG
group and a second patient from the PEG group required
laparotomy for post-operative peritonitis. One death occurred
in the RIG group because of inadvertent placement of the tube
in the peritoneal cavity. There was no significant difference
between PEG and RIG in terms of patient survival and FVC did
not have a statistically significant influence on PEG failure. It
was however suggested that RIG was the method of choice on
the basis of these observations [43].

Data from patients with and without PEG with MND func-
tional rating scale-bulbar subscale (ALSFRSb) scores �5 was

evaluated to compare characteristics of MND patients with
and without PEG. PEG use was markedly increased as
ALSFRSb scores declined. PEG patients used significantly
more assistive devices, multidisciplinary care, home care
nurses and aides, had more frequent physician, emergency
department visits and hospital admissions (P � 0.0001), as
well as lower health status based on the mini-SIP scale
(P � 0.0047). PEG use varied greatly between centres. PEG
was thought to have a positive impact in 79% of patients as a
whole but only in 37.5% of patients who received PEG later.
Although only a small number of patients were studied, PEG
use showed no survival benefit. It was thought that patients
generally did not receive PEG until bulbar function was
severely reduced. Aggressive proactive nutritional manage-
ment was considered essential in patients with MND to try
and secure better outcomes [44].

As PEG may not be practicable in patients with severe 
respiratory impairment, the alternative method of RIG was
evaluated for safety, effect on survival and respiratory func-
tion in 25 MND patients with respiratory failure. These 25
consecutive MND patients with severe dysphagia and
FVC �50% were compared with 25 consecutive patients
with FVC �50% who underwent PEG. Respiratory function
was evaluated before and after each procedure. The two
groups were broadly similar. RIG placement was successful in
all cases, PEG in 23/25. One patient in each group died after
the procedure. The mean survival time after gastrostomy
placement was 204 days in the RIG group and 85 days in the
PEG group (P � 0.004). Respiratory function decreased more
in the PEG group than in the RIG group (P � 0.02). RIG
appeared to be safer than PEG in MND patients with moder-
ate to severe respiratory impairment, and seemed to be asso-
ciated with longer survival [45].

Data seeking further insights into the frequency, timing and
outcomes following PEG insertion from gastrostomy in MND
were obtained from the Scottish MND Register. Descriptive
statistics of patients undergoing PEG were extracted. Survival
analysis used Kaplan–Meier and Cox proportional hazards
methods. For patients diagnosed between 1989 and 1998, 142
PEGs were placed in 1226 patients of which 130 were done
before the censoring date. Approximately 5% of patients
underwent gastrostomy each year but this rate appeared to
double between 1989 and 1998. Mean age at insertion was
66.8 years, following a mean disease duration of 24 months.
Median survival from PEG insertion was 146 days. The 
1-month mortality after PEG was 25%. PEG did not confer 
a survival advantage compared with no PEG. The authors
concluded that PEGs were being inserted more frequently 
in people with MND. An unexpectedly high early mortality
was detected which probably reflected a lack of selection bias
compared with previously published data. It was suggested
that changes in practice surrounding PEG placement since
1998 might have resulted in better outcomes for patients with
MND [46].
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Complications after PEG and RIG along with their effects
on survival were evaluated in 50 patients having definite or
probable MND. RIG was considered first-line therapy when
the slow vital capacity (SVC) was less than 50% predicted or
when PEG was refused by the patient. Thirty patients had a
PEG and 20 an RIG. The two populations were comparable in
age, gender ratio and disease duration before gastrostomy.
SVC was lower in those patients having RIG than PEG. The
frequency of complications at gastrostomy insertion and dur-
ing the first month was not significantly different between the
two groups. Kaplan–Meier survival curves from the date of
gastrostomy were not different in univariate or multivariate
analysis. The authors suggested that the main benefit of RIG is
its utility in patients who have a relatively higher level of ven-
tilatory compromise [47].

Conclusions

Riluzole remains the only licensed disease modifying treat-
ment for MND. RCT evidence suggests only modest effective-
ness. NICE suggested further studies were desirable following
the dose ranging trial [3], but these have never been done
and seem unlikely to happen in the future. In the meantime
any further insights are likely to come from observational
studies rather than prospective randomized investigations.

Similar sentiments apply to IGF-1. RCTs so far completed
have not had the ability to definitively demonstrate the poten-
tial efficacy of IGF-1 as a disease modifying treatment for
MND. The results of the current trial in North America are
keenly awaited and it is also possible that novel delivery meth-
ods such as viral vectors may lead to new insights into the 
possible effectiveness of IGF-1 as well as other neurotrophins
in MND.

While stem cell therapy has been identified as having huge
potential as a disease modifying treatments for MND and
other neurodegenerative diseases it is too early to make 
further comment. Interest in respiratory interventions as
symptomatic treatments for MND has developed considerably
in recent years. NIPPV may favourably influence QoL and
survival and cough exsufflator/insufflator devices may also be
useful. Optimum methods of monitoring of respiratory func-
tion during the course of MND remain uncertain. SNP has
been suggested as a possible alternative to traditional methods
such as FVC.

Whatever the role of respiratory function monitoring in
determining the use of respiratory interventions, it seems
increasingly clear that such monitoring is important in judg-
ing the timing of feeding gastrostomy in MND. The morbidity
and mortality of PEG insertion probably increases as FVC%
predicted declines. If an endoscopic technique is to be used,
FVC should probably be at least 50%, certainly 40% pre-
dicted. RIG may however be preferable to PEG when feeding
gastrostomies need to be established in patients with more
severe levels of respiratory impairment.
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Background and clinical questions

Peripheral nerve disorders are among the most common
neurological diseases and many papers have been written
on their treatment. The prevalence of peripheral neuropathy
in the community has been estimated as 2000 per 100,000
or 2% [1].

In September 2005 the register of the Cochrane Neuro-
muscular Disease Review Group contained 1098 references to
randomized trials on peripheral nerve disorders within 
its scope. At the same time 21 reviews of interventions for
peripheral nerve disorders had been written, incorporating the
results of 300 references to 290 trials. The focus of many of the
reviews has been on inflammatory neuropathies, Bell’s palsy
and carpal tunnel syndrome (CTS) and their conclusions are
incorporated in this chapter. The equally or more important
problem of diabetic neuropathy (DN) has been addressed in
many trials but the task of summarizing them in systematic
reviews has only just begun. Because of its importance the evi-
dence about DN has been incorporated here as well.

Critical review of the evidence for each
question

1. Treatment for Guillain–Barré syndrome (GBS)
In adults with severe acute GBS, how does the treatment with
plasma exchange (PE), intravenous immunoglobulin (IVIg) or cor-
ticosteroids affect the probability of accelerated functional improve-
ment and of reduction of long-term disability? What about the acute
general medical care?

GBS has an annual incidence of only about 2 per 100,000
throughout the world but has attracted a disproportionate
amount of interest from clinical triallists and systematic
reviewers. This is presumably because it is a dramatic, life-
threatening disease. The mainstay of treatment is excellent
intensive care which is considered further in the next section.
If death can be avoided during the acute stage, the repara-
tive capacity of the Schwann cell and axon permit substan-
tial recovery in most patients without treatment. This
biological fact has in the past led to premature claims of effi-
cacy for all sorts of treatments ranging from Bordeaux wine
in the 19th century to corticosteroids in the 20th century.

The disease is defined as an acute, otherwise idiopathic
paralysing disorder with progressive weakness and reduced
or absent tendon reflexes consistent with a polyradiculoneu-
ropathy. The cerebrospinal fluid protein concentration is
usually increased. The nadir of the illness is reached within 
4 weeks. About 25% of patients become so weak that they
require artificial ventilation. Most patients make a substantial
recovery but between 2% and 10% of patients die and 20%
are left with significant disability after a year [2]. Persistent
deficits and fatigue are not uncommon. In most cases in
Europe and North America, the underlying pathology is an
acute inflammatory demyelinating polyradiculoneuropathy
(AIDP), histologically resembling the experimental autoim-
mune neuritis induced in animals by immunization with
peripheral nerve myelin proteins. The unproven assumption
is that the pathogenesis is a T helper cell mediated immune
response against myelin proteins, triggered by an immedi-
ately preceding infection. In a small percentage of cases in
Europe and North America but in a majority of cases in
Japan, China and central America, the underlying pathology
is an acute motor or motor and sensory axonal neuropathy
[2]. The pathogenesis of these axonal cases is different. There
is less inflammation and the disease in many cases is due to
antibodies directed against ganglioside GM1 that have been
generated in response to a cross-reactive epitope in the lipo-
oligosaccharide in the wall of the Campylobacter jejuni which
caused a preceding enteritis [3]. The treatment trials have
mostly been conducted in Europe and North America and
most participants will have had AIDP so that their conclu-
sions only apply to AIDP. Whether the response of patients
with axonal forms of the disease or other variants, such as
the Fisher syndrome of ophthalmoplegia, ataxia and are-
flexia, is the same, is not known.

Plasma exchange
The first treatment to be shown to have a beneficial effect in
GBS was PE. A North American trial with 245 participants
demonstrated that significantly more patients improved by
one grade on the 7-point GBS disability grade scale after 4
weeks with 200–250 mL PE than with supportive care alone
[4]. Our Cochrane Review included eight trials comparing
PE with supportive treatment or differing amounts of PE [5].
In this review, the primary outcome was improvement in
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the same disability scale after 4 weeks. For the 585 partici-
pants in the four trials with available data, the weighted
mean difference in improvement was �0.89 of grade (95%
CI �1.14–�0.63) more improvement in those who received
PE than those who did not, P � 0.00001 (Table 23.1, Figure
23.1a) [4,6–8]. The relative rate of improving one disability
grade, median time to recover independent walking and being
dead or disabled after 1 year also all significantly favoured the
treated participants compared with those who only received
supportive care [9]. The mortality was similar, about 5%, in
the treated and untreated arms of the studies. These trials
established PE as the standard treatment for adults with
severe GBS and by extrapolation PE has also been used in
children and in some patients with mild disease.

Intravenous immunoglobulin
Following the serendipitous observation that intravenous
infusion of large amounts of human immunoglobulin
appeared helpful in a patient with chronic inflammatory
demyelinating polyradiculoneuropathy (CIPD) and idiopathic
thrombocytopenia, a Dutch group pioneered its use in GBS
and then demonstrated similar efficacy to PE [10]. This con-
clusion was confirmed in subsequent trials. The Cochrane
Review [11] now includes five trials with 582 participants
comparing IVIg with PE [10,12–15]. The improvement in dis-
ability was almost identical (Table 23.1, Figure 23.1b) and
there was no significant difference in any other outcome
measure. On account of this, IVIg has become widely adopted
as the first line treatment for adults with severe GBS and by
extrapolation is often used in patients with mild disease and
in children [16]. Questions remain about the timing and
optimal dose, in particular whether the treatment should be
repeated in patients who do not improve rapidly [9].

Corticosteroids
Since GBS is an inflammatory disease and is generally con-
sidered to have an autoimmune pathogenesis, the expect-
ation was that corticosteroids would be useful in its treatment.
It was therefore surprising that the first trial of prednisolone
with 40 participants showed a trend towards worse outcome
in prednisolone treated patients [17]. Eight trials with alto-
gether 623 participants are now included in the relevant
Cochrane Review [18]. In the six trials with 587 participants
with available information, there was no significant differ-
ence in the mean improvement in disability after 4 weeks
between those who received corticosteroids and those who
did not (Table 23.1, Figure 23.1c). In the four small trials
which used oral corticosteroids [19–21] there were in total
120 participants and there was significantly less improve-
ment with corticosteroids than without. In the two large trials
which used intravenous methylprednisolone [22,23], there
were 467 participants and there was no significant difference.
An analysis taking into account age and initial disability
showed a trend towards greater benefit with the combined

treatment equivalent to a relative risk of improving one or
more disability grades of 1.16 (95% CI 0.98–1.32, P � 0.08)
more with corticosteroids than with placebo [9]. There were
no significant differences in other outcome measures including
the median time to regain independent walking and relative
risks of death or death and disability after a year. In conclu-
sion, there is no evidence of benefit from oral corticosteroids
and the benefit from intravenous methylprednisolone is at
best marginal and does not affect the long-term outcome.
More research is needed to identify better treatments.

General medical and nursing care for GBS
Despite modern immunotherapy, the results of treatment
are unsatisfactory and excellent intensive and general med-
ical care are the mainstay of management. However practice
is largely based on clinical experience and there are few clin-
ical trials and no directly relevant systematic reviews. A
recent consensus report does provide guidance from which
we will mention briefly some key points but the reader is
directed to the original article for the detail [24].

During the acute stage, regard must be had to the danger
of respiratory failure and bulbar palsy which together carry
the risk of cardio-respiratory arrest and chest infection. To
prevent this, regular monitoring of vital capacity is the sim-
plest method, although measurement of peak inspiratory
pressure is an alternative which may be even more sensitive
for detecting impending crisis [25–27]. There is a debate as
to whether it is preferable to place a tracheostomy early to
prevent complications or late in the hope that it may be
avoided by rapid recovery [24]. Whichever is decided, there
is evidence from elective tracheostomy in other situations
that a percutaneous procedure has less complications and
better cosmetic result than conventional operation [28].

Cardiac arrhythmias are another serious danger and
account for about half the mortality. They are more likely in
patients with severe disease and respiratory failure but do
occur before the onset of respiratory failure and even after
restoration of unassisted ventilation. Several methods have
been proposed for identifying patients who are at greatest risk.
Wide swings, exceeding 85 mmHg, of systolic blood pressure
from day to day [29] and increased beat to beat variation in
the R–R interval have been observed with increased frequency
in patients who later developed severe bradycardia [30].

The third cause of death is pulmonary embolism so that it
is accepted practice to use low-dose subcutaneous heparin
and graduated compression stockings. There is no direct evi-
dence in GBS that these practices are effective. However, the
use of heparin is supported by trials after operation and in
acute medical illness [31]. A meta-analysis confirmed that
graduated compression stockings reduced the risk of post-
operative thromboembolism by almost 70% in patients at
moderate risk [32].

For other aspects of supportive care, there is even less direct
evidence. Neuropathic and postural musculoskeletal pain are
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Table 23.1 Treatment of Guillain-Barré Syndrome.

Type of Intervention Outcome (follow-up time) Number Control group SMD or Control Relative Absolute Comment
study (dosage) of patients mean change WMD group risk risk risk 
(reference) (no. of from baseline (95% CI) (range) (95% CI) reduction 

trials) (range) (95% CI)

SR [5] PE Improvement in disability 485 �0.27 0.89 PE better
(86–275 mL/kg) grade* (4 weeks) (4) (�0.40 to 0.10) (0.63–1.14)
versus supportive Severe sequelae (1 year) 649 17% 0.65 6% PE better
treatment (6) (0–29) (0.44–0.96) (1–11)

SR [11] IVIg Improvement in disability 536 �1.03 0.02 ns difference
(0.4–0.5 g/kg for grade* (4 weeks) (5) (�1.40 to �0.37) (ns)
4–5 days) versus PE Dead or disabled (1 year) 243 17% 0.98 3% ns difference
(200–250 mL/kg) (1) (0.55–1.72) (ns)

SR [18] Corticosteroids Improvement in disability 587 �1.33 0.36 Corticosteroids worse
(prednisolone grade* (4 weeks) (6) (�3.97 to �0.73) (ns) ns
45–80 mg for 4–14 Heterogeneity
days or MTPH Dead or disabled (1 year) 491 9% 1.51 �5% Corticosteroids worst
500 mg for 5 days) (3) (8–11) (0.91–2.50) (ns) ns
versus control

IVIg: Immunoglobulins; MD: Mean difference; MTPH: Methylprednisolone; PE: Plasma exchange; SMD: Standard mean difference; SR: Systematic review; WMD: Weighted mean difference; 
ns: not statistically significant.
*Disability scale: (0) Healthy, (1) Minor symptoms or signs of neuropathy but capable of manual work, (2) Able to walk without support of a stick but incapable of manual work, (3) Able to walk
with a stick, appliance or support, (4) Confined to bed or chair bound, (5) Requiring assisted ventilation, (6) Dead. 
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common in acute and convalescent GBS. Very small trials con-
firm the benefit from carbamazepine and gabapentin which
have been shown in larger trials in other types of painful neu-
ropathy [33,34]. Fatigue is common following recovery from

the acute stage of GBS. No adequate trials have been pub-
lished of drug treatment. An open trial of an aerobic exercise
regime demonstrated benefit in convalescent patients [35] 
a result which we have confirmed in a similar study of a 

Review: PE for GBS
Comparison: 01 4 week-endpoints
Outcome: 03 Change in disability grade 4 weeks after randomization

Study
or sub-category

Greenwood 1984
McKhann 1985
Raphaël 1987
Raphaël 1997
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Test for heterogeneity: Chi2 � 3.10, df � 3 (P � 0.38), l2 � 3.3%
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Review: IVIg for GBS
Comparison: 02 IVIg versus PE
Outcome: 01 Change in disability grade 4 weeks after randomization

Study
or sub-category

van der Meché 1992
Brill 1996
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Nomura 2000
Diener 2001
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Review: Corticosteroids for GBS
Comparison: 01 Corticosteroid versus control
Outcome: 01 Disability grade change after 4 weeks

Study
or sub-category

01 Oral regimens
  Bansal 1986
  Hughes 1978
  Shukla 1988
  Singh 1996
Subtotal (95% Cl)

Test for heterogeneity: Chi2 � 6.16, df � 3 (P � 0.10), l2 � 51.3%
Test for overall effect: Z � 2.47 (P � 0.01)

02 Intravenous regimens
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Subtotal (95% Cl)

Test for heterogeneity: Chi2 � 0.98, df � 1 (P � 0.32), l2 � 0%
Test for overall effect: Z � 1.46 (P = 0.15)

Total (95% Cl)
Test for heterogeneity: Chi2 � 24.60, df � 5 (P � 0.0002), l2 � 79.7%
Test for overall effect: Z � 1.35 (P � 0.18)
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Figure 23.1 Change in disability grade 4 weeks after randomization. (a), (b) and (c) were included in the relevant Cochrane Reviews [5,11,18] and
are reproduced with permission, Copyright Cochrane Library. (a) PE versus no treatment; (b) PE versus IVIg; (c) corticosteroids versus no treatment or
placebo.
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physiotherapist-supervised aerobic exercise programme
(Graham R and Hughes R 2005, unpublished information).

2. Immunotherapy for CIDP and related disorders
In patients with CIDP or related disorders how does treatment with
corticosteroids, PE or IVIg affect the short-term outcome?

CIDP is related to GBS by the distribution of the lesions and
similarity of the pathology on the active disease stage. Its
prevalence is somewhere between 1 and 7 per 100,000 [36].

In patients with the conventional symmetrical sensory and
motor form of CIDP, systematic reviews have confirmed the
clinical experience that each of corticosteroids, PE and IVIg
produces short-term benefit. For corticosteroids, this conclu-
sion is based on one small low quality trial but the clinical
experience of benefit is so embedded that further trials are not
considered necessary [37]. For PE, there have been two small
high quality trials both indicating significant short-term
benefit from PE compared with sham exchange [38]. In a
meta-analysis of four trials with altogether 113 participants,
IVIg 2.0 g/kg produced significant improvement in disability
lasting 2–6 weeks [39]. In small trials the effect of IVIg was
not significantly different from that of either PE or oral pred-
nisolone starting with a dose of 60 mg daily [40,41]. There
have been no high quality trials of a size large enough to test
seriously whether immunosuppressive or immunomodula-
tory drugs are effective in CIDP [42]. There are two trials in
progress, one of interferon beta 1a and one of methotrexate.

Many patients with CIDP have an associated paraprotein.
There is even less evidence for treating these patients. About
half of those with an IgM paraprotein have a characteristic
predominantly sensory neuropathy with marked distal slow-
ing of nerve conduction. These patients characteristically have
antibodies to myelin-associated glycoprotein which may be
responsible for the pathology which differs from the

macrophage-associated demyelination characteristic of CIDP.
In this form of IgM paraprotein-associated demyelinating
neuropathy, there have been few trials and none have
shown convincing evidence of benefit from any treatment
[43]. More research is needed. For patients with IgG and IgA
paraproteins, the clinical picture and treatment responses
seem empirically to resemble those of CIDP without a para-
protein and they are commonly treated along similar lines.
Of course, an essential preliminary to treatment is to ensure
that there is no underlying malignant plasma cell dyscrasia.
If there is, then treatment should follow the guidelines for
treatment of haemato-oncological malignancies.

There is some evidence concerning the best management of
multifocal motor neuropathy, a pure motor disorder which
has been distinguished from CIDP. There is no doubt from
controlled trials that IVIg has a beneficial effect lasting typically
for 4 weeks [44]. Although beneficial the short-term response
requires repeated dosing which is very inconvenient and
expensive. Observational studies suggest that immunosup-
pressive drugs, especially cyclophosphamide, may be benefi-
cial but this needs to be confirmed in randomized trials [45].

3. Treatment for Bell’s palsy
How does treatment of patients with Bell’s palsy with corticosteroids
or antiviral agents affect the proportion of patients who have incom-
plete recovery after 6 months?

Acute idiopathic facial paralysis or Bell’s palsy has an annual
incidence of about 25 per 100,000 and there is no sound evi-
dence for using any treatment. This is remarkable because
corticosteroids have been used for 50 years and antiviral
agents for 20. Part of the reason lies in the natural history of
the disease which fortunately is towards spontaneous com-
plete recovery in 95% of patients with partial and 61% of
those with complete facial paralysis [46].

Table 23.2 Treatment of Bell’s Palsy.

Type of Intervention Outcome Number of Control Relative risk Absolute risk Comment
study (follow-up time) patients group risk (95% CI) reduction 
(reference) (number (range) (95% CI)

of trials)

SR [47] Corticosteroids Incomplete recovery 117 26% 0.86 4% 
versus control (6 months) (3) (14–35) (0.47–1.59) (ns)

SR [48] Aciclovir with steroid Incomplete recovery 99 24% 0.32 16% Aciclovir better
versus steroid (4 months) (1) (0.11–0.92) (2–31)

Aciclovir versus steroid Incomplete recovery 101 6% 3.48 �10% Aciclovir worse
(3 months) (1) (1.05–11.60) (3–29)

Aciclovir alone versus Incomplete recovery 53 – – – Heterogeneity
aciclovir with steroid (4 months) (1) between trials
versus placebo (see text)

CI: confidence intervals; ns: not statistically significant; SR: systematic review.
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In the Cochrane Systematic Review of three trials of corti-
costeroids (Table 23.2), 13/59 (22%) corticosteroid patients
had incomplete recovery after 6 months compared with 15/58
(26%) control participants (relative risk 0.86, 95% CI
0.47–1.59) [47]. Similarly in the review of antiviral agents,
there were only three trials with altogether 240 patients, one
suggesting a beneficial effect, one a negative effect and one no
difference [48]. Clearly more evidence is needed about both
of these treatments and a trial comparing corticosteroids
with acyclovir with placebo is now in progress in Scotland.

4. Treatment for DN
How well do glycaemic control or other pharmacological interven-
tions for the treatment of diabetes mellitus improve symptoms, signs
and nerve conduction parameters?

Diabetes has reached epidemic proportions in the Western
world. In the US in 2005, 20.8 million or 7% of the popula-
tion has diabetes, an increase of 2.6 million cases since 2003
[49]. An additional 41 million individuals are estimated to
have prediabetes and this number also is growing at an expo-
nential rate. The most common complication of diabetes is
peripheral DN which occurs in approximately 60% of all dia-
betic patients [50]. DN is the most common cause of non-
traumatic amputation and a diabetic has a lifetime risk of
amputation of 15% [51]. In the US, DN is the leading cause of
diabetes-related hospital admissions and every 24 h, 230 dia-
betic patients undergo amputation [52].

Therapies for DN are divided into two groups: treatments
targeted against the disease process itself [53–55] and 
treatments aimed at providing symptom relief [56]. To date,
the only certain way to prevent the onset of DN or to slow
progression of the disorder is by strict glycaemic control [57].
Several major studies have compared DN onset and progres-
sion in the setting of varying levels of glycaemia. An alterna-
tive, and to date less successful approach, is to target the
downstream targets of hyperglycaemia with pharmacologic
intervention.

Glycaemic control
The most frequently cited study targeted at regulating gly-
caemic control is the Diabetes Control and Complications
Trial (DCCT). The DCCT compared intensive treatment (3 or
more daily insulin injections or insulin pump) with conven-
tional treatment (1 or 2 insulin daily injections) in 1441
patients with type 1 diabetes. DN was defined by history or
physical exam and confirmed by either abnormal nerve con-
duction studies or �1 autonomic function test). The preva-
lence of DN was 64% lower in patients receiving intensive
treatment (HbA1c � 7.2%) compared to patients in the con-
ventional treatment group (HbA1c � 9.1%). Data from the
DCCT also suggest that strict glycaemic control prevents pro-
gression of DN. Even if abnormal at study onset, nerve con-
duction studies remained unchanged in patients in the

intensive treatment arm but markedly declined in patients
on conventional treatment, suggesting that glycaemic con-
trol also halts worsening of existing DN [53].

The Epidemiology of Diabetes Interventions and Compli-
cations (EDIC) study is an extension of the original DCCT
cohort. In EDIC, the HbA1c of the two original DCCT cohorts
has converged for the last 8 years, due to the fact that patients
in the conventional group gained stricter control while
those in the intensive group assumed more relaxed control.
Despite this convergence of glycaemic control, the progres-
sion rates of nephropathy and retinopathy in patients in the
original DCCT intensive treatment remained significantly
lower than that of those originally randomized to the con-
ventional treatment arm [49,58]. This benefit is also reported
for DN (www.nih.gov). This unexpected finding, known as
‘metabolic memory’, suggests that early glycaemic control
has far-reaching and long-lasting beneficial effects.

The natural history of DN has also been studied in type 1
patients undergoing pancreatic transplant. When comparing
DN in patients after successful pancreas transplant to those
undergoing unsuccessful pancreas transplant, there was a sig-
nificant improvement in neuropathic symptoms and nerve
conduction studies relative to those patients who underwent
an unsuccessful transplant throughout the course of the 
10-year study [59].

While the clinical evidence that strict glycaemic control
delays or prevents DN in type 1 patients is well established,
the data for patients with type 2 diabetes are less convincing.
In the United Kingdom Prospective Diabetes Study (UKPDS),
3867 newly diagnosed type 2 patients were randomized into
an intensive treatment arm with an oral hypoglycaemic
agent or insulin or conventional treatment with diet. After
10 years, patients in the intensive treatment arm had an
average HbA1c that was 1% lower than those patients in the
conventional treatment arm. This improvement was associ-
ated with a 25% risk reduction in a composite measure of
microvascular complications (retinopathy, nephropathy and
DN) [50]. However, this reduction was strongly driven by
the retinopathy component of the composite score. Patients
in the intensive treatment arm required less retinal photoco-
agulation when compared to patients in the intensive treat-
ment arm. While there was a tendency towards a reduction
in the prevalence of amputation and sensory loss, this failed to
achieve statistical significance after 10 years. A smaller cohort
of patients remained in the study for 15 years, where more
patients in the intensive treatment arm had preserved sens-
ory perception when compared to patients in the conven-
tional treatment (31.2% versus 51.7%, P � 0.0052) [60].

In the feasibility study for the Veterans Administration
Cooperative Study on type 2 diabetes (VA CSDM), the effects
of 2 years of intensive treatment on DN were examined in
153 men with an average (SD) duration of type 2 diabetes of
7.8 (4) years [61]. Patients in the intensive treatment arm
(multiple insulin injections plus glipizide) achieved an 

9780727918116_4_023.qxd  2/7/07  2:59 PM  Page 249



250 Part 3: Neurological diseases

average HbA1c of 7.3% compared to 9.4% in patients in the
conventional arm. At study onset, the baseline prevalence of
DN was 50%, and this increased over the 2-year study period
equally in both groups, suggesting that a 2-year period is
insufficient time to follow the course of DN or in this popu-
lation or that improved glycaemia did not alter the course of
DN [61].

In summary, interventional evidence supports the idea
that improved glycaemic control can both prevent DN and
halt progression in patients with type 1 diabetes. The data
for type 2 diabetes are less overwhelming, but long observa-
tional periods (15 years) suggest the same tenet holds in
type 2 patients. Thus aggressive treatment aimed at normal-
izing fasting and postprandial glucose levels remains the
mainstay of treating DN [62,63].

Pharmacologic intervention
Exactly how persistent hyperglycaemia results in nerve
damage remains an active area of investigation. Multiple
aetiologies have been proposed including altered polyol

metabolism, abnormal protein kinase C activity, unchecked
oxidative stress, protein glycation, vascular insufficiency and
blunted neurotrophic support [64]. It is likely that a conflu-
ence of these factors results in the development of DN [65].
Pharmacologic interventions, aimed at specific pathways,
have yet to show a definite difference in either the onset or
progression of DN when compared to untreated diabetic
patients. Table 23.3 lists the most recent pharmacologic
interventions and their outcomes [50].

5. Symptomatic treatment of pain associated 
with DN
How well do pharmacological and other interventions for painful
DN control symptoms?

Pain is common in patients with DN, and frequently
responds to treatment. A stepwise approach to therapy,
carefully monitoring patients for symptom relief while being
vigilant for side effects, usually results in a positive patient
outcome. Titration is frequently necessary and it is common

Table 23.3 Pharmacologic interventions in the treatment of DN.

Abnormality Compound Aim of treatment Status of RCTs

Polyol pathwaya Aldose reductase inhibitors Nerve sorbitolb
Sorbinil Withdrawn (AE)
Tolrestat Withdrawn (AE)
Ponalrestat Ineffective
Zopolrestat Withdrawn (marginal effects)
Zenarestat Withdrawn (AE)
Lidorestat Withdrawn (AE)
Fidarestat Effective in RCTs, trials ongoing
AS-3201 Effective in RCTs, trials ongoing
Epalrestat Marketed in Japan

Myo-inositolb Myo-inositol Nerve myo-inositola Equivocal

Oxidative stressa �-Lipoic acid Oxygen free radicalsb Effective in RCTs, trials ongoing

Nerve hypoxiaa Vasodilators NBFa

ACE inhibitors Effective in one RCT
Prostaglandin analogues Effective in one RCT
phVEGF165 gene transfer Angiogenesisa RCTs ongoing

Protein kinase Ca Protein kinase C-� inhibitor NBFa RCTs ongoing
(ruboxistaurin)

C-peptideb C-peptide NBFa Studies ongoing

Neurotrophismb Nerve growth factor (NGF) Nerve regeneration, growtha Ineffective
BDNF Nerve regeneration, growtha Ineffective

LCFA metabolismb Acetyl-L-carnitine LCFA accumulationb Ineffective

GLA synthesisb 	-Linolenic acid (GLA) EFA metabolisma Withdrawn

NEGa Aminoguanidine AGE accumulationb Withdrawn

AE: adverse event; AGE: advanced glycation end product; BDNF: brain-derived neurotrophic factor; EFA: essential fatty acid; LCFA:
long-chain fatty acid; NBF: nerve blood flow; NEG: non-enzymatic glycation; RCT: randomized clinical trial. From Boulton et al. [50].
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for patients to require two or more agents for pain control.
Table 23.4 summarizes treatments reported to be effective in
DN in at least one double blind randomized placebo con-
trolled trial. Detailed reviews of this subject can be found in
[66–68] and Chapter 7.

6. Treatment for CTS
In patients with CTS how do different treatments reduce symptoms
compared with no treatment and with each other?

Entrapment neuropathy of the median nerve at the wrist is
the world’s commonest peripheral nerve disorder with a point
prevalence for symptomatic CTS of 2.7% in Sweden [69]
9.2% in women and 0.5% in men in Holland [70] and an esti-
mated lifetime risk of 10%. Almost all studies show a female
predominance with a female to male ratio varying from 20:1
to 2:1. It most typically presents with bilateral, nocturnal
hand paraesthesiae. Though associations have been reported
with many medical illnesses such as hypothyroidism and
acromegaly, the majority of cases are idiopathic and there is
evidence of a strong genetic predisposition [71]. The role of
occupation in causation remains controversial with strong
opinions on both sides but little concrete evidence. Mild
symptoms may persist for many years or run a relapsing and
remitting course. Many patients with other pathologies thus
have CTS as an incidental finding for which treatment may
not be required. Twenty-one per cent of patients reported
symptomatic improvement without treatment over a period
of 1 year [72]. The most useful investigation is nerve con-
duction studies and most clinical guidelines recommend
their use [73] though they have significant false positive and
false negative rates and should always be interpreted in the
clinical context. Recently imaging of the median nerve in
the carpal tunnel, particularly with high resolution ultra-
sound, has shown promise as an alternative or complementary

diagnostic tool but at present experience with nerve conduc-
tion studies remains much more extensive.

A wide range of treatments have been suggested and evi-
dence for these has been analysed in a series of Cochrane
Systematic Reviews [74–77]. The major trials have been
summarized in Table 23.5. The findings from these and
other studies may be summarized thus:
1 Interventions for which evidence suggests they are no
better than placebo: vitamin B6, diuretics, non-steroidal
anti-inflammatory drugs, ergonomic keyboard use, magnet
therapy, laser acupuncture, exercise and chiropractic care.
2 Interventions for which no adequate evidence of efficacy
exists: job modification, neurodynamic mobilization, micro-
amps TENS, cognitive behavioural therapy, non-invasive laser
neurolysis, biofeedback and serratiopeptidase.
3 Interventions with evidence of possible benefit: oral corti-
costeroids, splinting, ultrasound, yoga, steroid iontophoresis
and carpal bone mobilization.
4 Interventions with definite evidence of benefit: local cor-
ticosteroid injection, surgical decompression.
It is notable that the use of even some treatments which 
are recommended in standard textbooks (diuretics, non-
steroidal anti-inflammatory drugs) is not supported by trial
evidence. Three interventions can be recommended for rou-
tine clinical use.

Splinting
Trial evidence in support of splints is limited but they are
inexpensive and safe. The splint used should maintain the
wrist at a neutral angle and need only be worn at night. 
The most recent high quality trial to include splinting as one
treatment arm showed a 37% response rate to this interven-
tion after 18 months [78].

Local corticosteroid injection
At the time of the Cochrane Review [74], evidence was found
that local corticosteroid injection was more effective than
placebo for up to 1 month following treatment but symptom
relief beyond this had not been demonstrated. Injection was
also superior to oral steroids. Since then, three randomized
trials comparing steroid injection with surgery have been
published [79–81] and one comparing the alternatives of
administering local corticosteroids by injection or ion-
tophoresis [82]. The latter suggests that the injection route is
more effective. The trials comparing corticosteroid injection
with surgery provide evidence that injection is effective
beyond 1 month, in one case finding equivalent outcomes
between the surgical and injection arms of the trial at 1 year
[79]. Pooling the results of five better quality trials which
provide data for outcome 6–18 months after injection sug-
gests that 52% of patients obtain satisfactory symptom relief
from injection alone. Only one study has compared different
corticosteroids and dosages, finding no significant differ-
ences in outcome [83]. Methylprednisolone 40 mg has been

Table 23.4 Treatment options for painful neuropathy.

Non-steroidal anti-inflammatory drugs
Ibuprofen: 600 mg 4 times daily
Sulindac: 200 mg twice daily

Antidepressants
Duloxetine: 60 mg daily
Amitriptyline: 50–150 mg at night
Nortriptyline: 50–150 mg at night
Imipramine: 100 mg daily
Desipramine: 100 mg daily
Paroxetine: 40 mg daily
Trazadone: 50–150 mg 3 
 daily

Antiepileptic drugs
Pregabalin 150 mg, 2 or 3 
 daily
Gabapentin: 600–1200 mg 3 
 daily
Carbamazepine: 200 mg 4 
 daily
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Table 23.5 Treatments for Carpal tunnel syndrome.

Author type of study Intervention Outcome Number of Group response rate Comment
(reference) participants

(patients/
hands)

Trials of surgery versus steroid injection

Ly-Pen [79] RCT Steroid injection (1 or 2 20% improvement in 83 hands 70% No difference (3-month outcomes 
note 1 injections 40 mg visual analogue scale better for injection)

Methylprednisolone) score for nocturnal 
paresthesias at 3, 6, 
12 months follow-up

Open carpal tunnel 80 hands 75%
decompression 

Hui [80] RCT Steroid injection Change on global 25/25 24.2-point mean improvement Surgery provides better quality of 
symptom scale at in GSS relief
20 weeks (GSS)

Open carpal tunnel 25/25 8.7-point mean improvement 
decompression in GSS

Demirci [81] CT Steroid injection 
 2 Change in Boston scores 46/46 change in SSS � 1.6, FSS � 1.3 Results of injection comparable to 
note 2 (6.4 mg betamethasone) at 6 months (36/46 � 78% considered success) surgery at 3 months but not 

long-lasting

Open carpal tunnel 44/44 change in SSS � 2.1, FSS � 1.9
decompression (42/44 � 95% considered success)

Trials of surgery versus therapy other than steroid injection

Gerritsen [78] RCT Splinting Subjective symptom relief 79/79 75% by intention to treat (37% Surgery better
note 3 at 18 months with splints only)

Open carpal tunnel 68/68 90%
decompression

Trials of steroid injection versus placebo or other rx

Dammers [86] RCT Steroid injection 
 1 (40 mg Subjective symptom 30/30 23/30 (77%) Injection better
methylprednisolone � relief at 1 month
lignocaine)

Placebo wrist injection 30/30 6/30 (20%)
(lignocaine � saline)
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Ozdogan [87] RCT Steroid injection 
 1 wrist Adequate symptom 18/18 4/18 (22%) Injection better
(1.5 mg betamethasone) control at 10–12 months

Intramuscular (deltoid) 19/19 0/19 (0%)
steroid injection (1.5 mg 
betamethasone)

Girlanda [88] RCT Local steroid injection 
 2 Adequate symptom ?/27 25/27 (92%) Injection better
note 4 (15 mg methylprednisolone) control at 2 months

Placebo wrist injection (saline) ?/26 ?

Armstrong [89] RCT Steroid injection 
 1 (6 mg Subjective symptom 43/43 30/43 (70%) Injection better
betamethasone � relief at 2 weeks
lignocaine)

Placebo wrist injection 
 1 38/38 13/38 (34%)
(lignocaine and saline)

Gokoglu [90] RCT Injection 
 1 (40 mg Change in Boston scores 15 patients Change in SSS � 1.3, FSS � 1.1 Injection better
note 5 methylprednisolone) to at 8 weeks (SSS � FSS)

both hands if both 
symptomatic

Iontophoresis 15 patients Change in SSS � 0.9, FSS � 0.4
dexamethasone sodium 
phosphate

Other notable results

Scholten [74] SR Endoscopic versus open Subjective symptom 13 trials Meta-analysis not possible No significant difference in 
note 6 carpal tunnel decompression relief outcome

O’gradaigh [82] RCT Compared 25/100 mg Subjective change in 148 patients No difference between different 
note 7 hydrocortisone, 20 mg symptoms at 6 months steroids/doses

triamcinolone, no injection

Many of these trials have multiple endpoints and multiple outcome measures. This table reports the primary one selected by the authors or the one most appropriate for this review. 
(1) These are the 12-month follow-up results.
(2) Randomization not described.
(3) Patients who failed to improve with splints had surgery but in analysis this was counted as an outcome of splinting.
(4) 91 hands with initial response followed up in an open fashion for 2 years with clinical and NCS assessments only 8% remained improved at 2 years.
(5) 48 hands. It is not explicit in the paper how the 18 patients bilateral CTS were handled.
(6) This Cochrane Review dealt with the issue of open versus endoscopic decompression, which has been the subject of numerous trials, very well. The conclusion – no difference in long-term
outcome – remains valid.
(7) At 6 weeks 5% of the 20 control patients had symptomatic improvement compared with 65% of those receiving corticosteroids.
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most widely used. There are several case reports of nerve or
tendon injury but the risks of injection are clearly small. The
reported trials of corticosteroid injection involve a total of
over 2200 injections with no instances of such injury.

Surgery
Surgical decompression is generally regarded as the definitive
treatment for CTS but is not without problems. Reported 
‘success’ rates vary from 27–100% in different series. Pooling
the data from 207 surgical series yields an average success rate
worldwide of 75% in 32,761 procedures where success is
taken as relief of symptoms to the extent that no further treat-
ment is required. Variations of surgical technique, including
the major division between open and endoscopic approaches
which has been subject to several randomized trials, do not
appear to influence long-term outcome, though post-opera-
tive recovery may be faster after endoscopic procedures [76].
Post-operative follow-up of 4265 operations showed that 7%
of patients consider the operated hand to be worse after sur-
gery so the procedure carries higher risks than injection. At
the same time, and notwithstanding the results of one recent
comparative trial [79] surgery offers both a higher chance of
response to treatment and greater quantitative symptom
relief than non-surgical treatment, but with a greater risk of
adverse effects and greater inconvenience to the patient.

The fact that some surgical series report very high success
rates suggests that the average figure of 75% can be
improved upon. Studies of second operations on the same
hand suggest that approximately half the failures result from
incomplete section of the transverse carpal ligament [84].
The outcome of surgery is significantly worse in patients with
normal pre-operative nerve conduction studies (51% suc-
cess) and those with extremely severe nerve conduction
abnormalities suggesting axonal degeneration (47% success)
[85]. More conventional surgical complications are uncom-
mon – deep wound infection in 0.5% and reflex sympathetic
dystrophy in 0.5% [73]. It therefore appears that lack of sur-
gical expertise, misdiagnosis and advanced disease with irre-
versible nerve damage between them account for the greater
proportion of the poor outcomes. Other factors consistently
associated with poorer outcomes include greater age, longer
duration of symptoms, strenuous occupation, renal dialysis
and the presence of an industrial injury compensation claim.
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Introduction

This chapter will evaluate the main management aspect for
the following muscular disorders: Duchenne muscular dys-
trophy (DMD), Limb-girdle muscular dystrophies (LGMDs),
Myasthenia gravis, Polymyositis.

Critical review of the evidence for 
each disorder

1. Duchenne muscular dystrophy
In a young boy with DMD, are there any effective drug treatments
that are efficacious in halting deterioration or improving muscle
strength? Might they have any harmful effects? At what age should
treatment be started?

Background
The most common inherited muscle disorder, DMD, is also
one of the most severe. Its incidence is 1 in 3500 liveborn
males and thus it occurs in boys seen in general paediatric and
paediatric neurology practice. Although mean survival has
increased in the last couple of decades in particular, this is
mainly due to improved general care and active manage-
ment of respiratory insufficiency [1]. There has been much
discussion over the past 40 years as to possible effective drug
treatments and assessment of whether any may produce
effective outcomes is clearly desirable. Administration of
corticosteroids has been tried in previous decades but only
recently subjected to full review.

Clinical scenario
Boys with DMD lose ambulation by 12 years of age. Wheel-
chair dependence increases the likelihood of complications
such as scoliosis and ventilatory impairment. The aim of both
drug and non-drug treatments is to prolong ambulation for as
long as possible so as to delay the onset of these complications
of which awareness and anticipation are essential. Physio-
therapy techniques aim to prevent the development of fixed
deformities such as limb contractures. For example, preven-
tion or improvement of Achilles tendon contractures is an
important factor in allowing walking stability to be main-
tained. If tendon contractures become excessively tight then
surgical release may be indicated [2].

Evidence
Corticosteroid treatment has been the main drug modality
used over the last few decades in an attempt to alter the nat-
ural history of the condition although the mechanism whereby
it may produce stabilization or improvement in muscle strength
has not been established. Despite the number of studies per-
formed, evidence from just four randomized controlled studies
was judged eligible for inclusion in the Cochrane Systematic
Review [3–7]. This review had as its primary outcome meas-
ure the prolongation of ambulation but this was an outcome
of only one study [3]. Therefore in the review secondary
outcome measures of muscle strength and functional tests
which were available from the other studies were also assessed.
Three randomized controlled trials demonstrated improve-
ments in muscle strength and function but for the relatively
short period of 6 months [4,6,7] with the fourth study showing
improvement for up to 2 years [3]. The studies reported data
on a total of 161 patients treated with corticosteroids and
compared with a total of 88 placebo patients. Most patients
received prednisone (n � 134) with much smaller numbers
treated with prednisolone (n � 10) and deflazacort (n � 17).
The three studies of 6-month duration used prednisone or
prednisolone given daily; deflazacort was used in an alternate-
day regime at 2 mg/kg for the longer-time period of 2 years [3].
Prolongation of ambulation was reported by Angelini but
Manzur et al. conclude that this conclusion was not supported
by the statistical methods used. Secondary outcome measures
of muscle strength assessments and tests of functional ability
such as Gowers’ time, timed walking tests and forced vital
capacity were individually assessed from pooled data and all
found to be better in the treated groups compared with
placebo [4,6,7].

The Practice parameter produced by the American
Academy of Neurology [8] also reviews relevant evidence
for the treatment of DMD by corticosteroids. Seven class 1
trials were included [4,6,7,9–11], all showing improvement
in various parameters including muscle strength, functional
tests and lung function with minimum treatment durations
of 6 months. Prednisone at three different daily doses (0.3,
0.75 or 1.5 mg/kg/day) was used and each was effective.
0.75 mg/kg/day produced an 11% net percentage increase in
average strength score as well as improvement in timed func-
tional tests. Alternate-day prednisone did not have the same
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effect when given at lower doses of 1.25 or 2.5 mg/kg but
appears to be of possible benefit at doses of 5 mg/kg/day [11].
Deflazacort was used in two class 1 trials [3,12]. Mesa et al.
used deflazacort at 1 mg/kg/day for 9 months whereas Angelini
et al. used 2 mg/kg on alternate days for 2 years. Both groups
showed sustained improvement in measured parameters.

Short-term adverse events from steroid treatment such as
excessive weight gain and behavioural changes were found
to be more common than placebo but deemed not severe.
However there did appear to be a difference between deflaza-
cort and prednisone in that only 6 months of treatment with
the latter produced a statistically significant weight gain [4,6]
whereas the longer 2-year treatment period with deflazacort
did not [3]. Longer-term evaluation was not possible. Some of
the weight gain may be from increased muscle mass as judged
from 24-h urinary creatinine excretion [4]. Other potential
side effects such as osteoporosis and dysglycaemia were not
evaluated.

Summary
The dose of prednisone recommended in the conclusion of
both reviews was 0.75 mg/kg/day. Side effects of treatment
may necessitate dose reduction but even at the lower dose of
0.3 mg/kg/day improvement is seen. Deflazacort, if available, is
recommended at a dose of 0.9 mg/kg/day [8]. There are no
class 1 studies that examine the important question of the
optimal age at which treatment should be started. The ideal
duration of treatment is also unclear although class IV stud-
ies suggest continuation of improvement at 3 years [13].

2. Limb-girdle muscular dystrophies
Are there any effective interventions for these conditions and what is
the evidence underlying their use?

Background
The LGMDs are all individually rare although for some con-
ditions clear prevalence differences between different geo-
graphical populations are emerging. Although all the LGMDs
are currently classified under one umbrella term, they are a
heterogeneous group both in terms of their clinical features
and molecular causation; they are classified together due to
their general (but not exclusive) predilection for involvement
of the proximal musculature. Establishing a precise molecu-
lar diagnosis may be a challenge and due to both this and to
the uncommon nature of most of the LGMDs, randomized
controlled trials of specific drug interventions are a distant
prospect at present. The range of age of onset in the LGMDs is
from childhood to late adult life. Despite this, general meas-
ures such as regular physiotherapy are applicable to the care
of all these patients. Thus at present there is no clear unified
molecular target for drug therapy and so clinical practice has
emphasized the role of surveillance for, and timely interven-
tion in, cardiac and respiratory complications. These can be
treated with standard therapies.

Evidence
There is no RCT-based evidence to guide in the management
of these collectively rare muscular dystrophies. However an
expert panel has published useful guidelines [14]. Knowledge
of the LGMD subtype may allow anticipation and timely inter-
vention if respiratory and/or cardiac complications develop.
Expert opinion currently recommends serial monitoring of
respiratory function tests to be followed up by overnight
oximetry if required. Provision of non-invasive ventilatory
support has been shown to prolong life in conditions such as
DMD and similar principles apply here. The frequency of mon-
itoring may be modulated according to the expected prognosis
associated with the particular LGMD subtype as some com-
monly involve the respiratory muscles whereas others rarely
do so. For potential cardiac complications knowledge of the
underlying diagnosis also guides onward referral for cardiac
monitoring. Intervention in the development of cardiomy-
opathy and/or cardiac dysrhythmia may be needed.

3. Myasthenia gravis
1 A 60-year-old man with acetylcholine receptor positive general-
ized myasthenia is referred to you. What should you use to treat
him?
2 In a 20-year-old woman presenting with generalized and severe
myasthenia gravis what is the evidence for and against thymec-
tomy? At what stage of the disease should it be employed?

Background
By far the most common neuromuscular junction disorder is
acquired myasthenia gravis and this will be encountered in
everyday clinical practice by the general neurologist. However,
although the disorder is relatively common, each patient may
present a unique set of circumstances with respect to possible
therapeutic approaches. For example, consideration of age
of onset, severity of disease, co-morbidities or a patient’s
wish to become pregnant may limit available drug and other
options. We address two of many possible scenarios and the
available evidence to guide treatment selection.

Corticosteroids
Oral corticosteroids are widely accepted as first line immuno-
suppressive treatment for autoimmune myasthenia gravis
although there is surprisingly little definitive evidence of their
efficacy compared with other treatments. Studies comparing
corticosteroids with placebo are not possible due to ethical
reasons. Evidence from randomized controlled trials was the
subject of a Cochrane Review [15]. A variety of primary and
secondary outcome measures were assessed in order to evalu-
ate treatment efficacy in terms of clinical improvement, remis-
sion and adverse events. The authors found that treatment
with prednisone did produce improvement in the short term
compared with placebo but remarked on serious methodolog-
ical flaws contained in all the studies. Two controlled studies
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comparing corticosteroids with placebo [16,17] are dis-
cussed. Both studies were of small numbers of patients, 13
for 2 years and 20 for 14 weeks, respectively. The 1998 study,
which used intravenous methylprednisolone, produced the
greater degree of strength enhancement with a relative rate
of improvement of 7.2 times compared with the placebo
group (Table 24.1). Zhang and Wu [21] examined different
doses of corticosteroid in juvenile myasthenia and found that
both were efficacious but that those receiving intravenous
methylprednisolone improved more quickly and for longer.

Corticosteroids with azathioprine
Gajdos et al. compared corticosteroids with azathioprine [22]
and found that similar percentages (72% and 74%, respec-
tively) were in remission. Bromberg et al. also compared pred-
nisone with azathioprine [19] over a year-long-study period;
numbers were very small with only five patients in each
group. The third randomized trial involving azathioprine is
not discussed in the Cochrane Review but aimed to compare

prednisolone together with azathioprine against prednisolone
alone [20]. This study demonstrated that a lower mainte-
nance dose of prednisolone was required for those on combi-
nation treatment with azathioprine (Table 24.1).

Immunosuppressive treatments
Other immunosuppressive treatments have been tried.
Cyclosporin treatment was examined by Tindall et al. and it
was shown that patient strength measurements improved
compared with placebo [23,24]. Cyclophosphamide induced
remission compared with placebo in two further studies
[25,26]. The latest agent to undergo close scrutiny is mycophe-
nolate mofetil. The two studies conducted by Meriggioli et al.
[27,28] were suggestive of improvement when compared
with placebo but numbers were small. Tacrolimus at low
dose has been studied in 19 patients with just under half
showing improvement [29]. Overall, data from these studies
is difficult to compare due to confounding factors such as
whether or not the patient had undergone thymectomy and

Table 24.1 Corticosteroids and azathioprine for myasthenia gravis.

RCT Intervention Outcome Results
(dosage) follow-up time

n/N (%) n/N (%)

Corticosteroid Placebo

Lindberg Corticosteroid Improvement in muscle 8/10 (80%) 1/9 (11%)
et al. [17] MTPH 2 g intravenously on 2 consecutive days after 2 weeks

versus Placebo

Howard Corticosteroid Prednisone 100 mg on alternate days Improvement in muscle 3/6 (50%) 3/7 (43%)
et al. [16] for 6 months, reduced by 10 mg every 2 weeks to weakness at 6 months

80 mg, then by 5 mg every 2 weeks to 20 mg
if possible versus placebo

Corticosteroid AZTH

MGCSG [18]* Corticosteroid Prednisone 1 mg/kg for 1 month, Number of patients 20 21
0.5 mg/kg for 4 months, then 0.25 mg/kg p.o. daily Treatment failure within 60% 24%
versus Azathioprine 3 mg/kg/day for 1 year then 5 years
2 mg/kg daily prednisone 1 mg/kg daily for 1 month Remission or marked

improvement
after 1 year 72% 74%
after 2 years 65% 76%
after 3 years 67% 64%

Bromberg Corticosteroid Prednisone 60 mg for 6 weeks versus Improvement in muscle 4/5 (80%) 2/5 (40%)
et al. [19]* Azathioprine 50 mg weakness, impairment and

decrement after 1 year

Corticosteroid Corticosteroids plus
AZTH

Palace Corticosteroids Prednisolone (1.5 mg/kg on alternate Replaces and failures to remit 17/19 (89%) 9/15 (60%)
et al. [20] days) was tapered at remission to the minimal dose over the 3 years

required to maintain remission plus placebo versus
Prednisolone plus azathioprine 2.5 mg/kg

RCT: randomized controlled study. *unblind study.

9780727918116_4_024.qxd  2/7/07  2:59 PM  Page 260



Chapter 24: Muscle disorders 261

so on. The evidence for the use of immunosuppressive agents
in myasthenia gravis is currently receiving detailed evaluation
and is the subject of a forthcoming Cochrane Review. The
recent publication of consensus guidelines [30] reviews the
results of published studies and recommends azathioprine
together with corticosteroids, the aim of treatment being to
progressively lower the steroid dose as the azathioprine
becomes effective. This was a level A recommendation.

Thymectomy
The first step is to establish whether or not a thymoma is
present. If it is then the decision as to whether to proceed to
surgical removal is straightforward. Due to the potential of a
thymoma to spread locally then excision is indicated. If neces-
sary this should be followed by radiotherapy for those uncom-
mon thymomas which are malignant.

In non-thymomatous patients the decision is less clear.
Transsternal or transcervical thymectomy is a major proce-
dure; perioperative risk may be increased by the concomi-
tant use of corticosteroids or intravenous immunoglobulin,
often used to increase a patient’s respiratory and limb mus-
cle strength before the operation. The aim of thymectomy in
this group is to attain medication-free remission for as long a
period as possible, or at least improvement in the underlying
condition and reduction of medication. A review of thymec-
tomy studies in non-thymomatous myasthenia gravis pub-
lished as a Practice parameter for the American Academy of
Neurology [31] appeared to demonstrate a definite benefit
of the procedure although none of the trials reviewed was ran-
domized controlled. Class II and III studies were evaluated and
numerical adjustments were made in an attempt to reduce the
impact of potential confounding factors. Twenty-eight articles
ascertained from 1953 to 1998 were assessed; there was some
overlap in the patient cohorts contained in these articles. All
were designated class II studies as although patients either did
or did not undergo thymectomy, none was assigned using a
randomization procedure. Evaluation of the studies showed
variation in patient type between cohorts (e.g. ocular myas-
thenia, presence or absence of thymic hyperplasia or not
stated) as well as with study method (e.g. surgical technique,
definition of remission criteria, duration of follow-up). Out-
come assessments were not blinded. The outcome in most
cohorts was consistent with the thymectomy patients show-
ing a trend towards remission as judged by medication-free-
dom. The few exceptions to this were non-ideal studies in
various respects, as the authors discuss. The issue of optimal
timing of thymectomy was difficult to infer due to possible
confounding factors such as prior treatments, gender differ-
ences and disease severity. Overall, adjusted median relative
outcome rates showed a positive association between thymec-
tomy and remission and improvement in myasthenia gravis.
Consensus guidelines published recently concur with the
above and recommend thymectomy for non-thymomatous
patients as a level B recommendation [30].

Due to continuing uncertainties about the role of thymec-
tomy, a multicentre randomized controlled trial has started
recently and should eventually achieve the aim of allowing
neurologists to assess the relative balance between benefits
and risks of recommending surgery as well as the impact 
on subsequent medical treatments. For those patients with
antibodies to muscle specific kinase (MuSK) the impact of
thymectomy is unknown at present.

4. Polymyositis
Are there specific diagnostic criteria that I can apply to the diagnosis
of myositis?
What is the best treatment for myositis?

Background
The precise incidence of myositis is hard to determine
because of the lack of agreed diagnostic criteria and thus the
lack of consistency in making the diagnosis. A number of diag-
nostic criteria for myositis have been proposed over the years
but increasing knowledge of muscle diseases has widened
the differential diagnosis that needs to be considered. Myositis
is considered to be an acquired autoimmune inflammatory
muscle disease that results in proximal muscle weakness; the
so-called limb girdle distribution of weakness, a raised level of
creatine kinase, abnormal electromyography and inflammation
seen on muscle biopsy. It is generally considered to be respon-
sive to anti-inflammatory or immunosuppressive suppressive
treatment. Myositis may occur on isolation or in association
with autoimmune lung disease, often with Jo-1 antibodies,
and with other connective tissue diseases. Myositis can also
be associated with overt or covert malignancy.

Clinical scenario
A 65-year-old lady is referred to your clinic by her GP. She
was diagnosed as having myositis 3 months previously and
has been treated with steroids which she continues to take
as prednisolone 30 mg daily. However there has been no
improvement in her symptoms and the patient has put on
weight. The GP asks what should be done next.

Diagnosis
In the case scenario presented the first issue to resolve
would be to confirm the diagnosis. You might want to look
for specific diagnostic criteria for myositis to help you with
the diagnosis. An attempted search for such criteria using
MEDLINE will uncover many case reports and cases series
and reviews of myositis but will not easily find agreed diag-
nostic criteria.

Probably the earliest quoted diagnostic criteria for myosi-
tis are those published by Bohan and Peters in 1975 [32].
The key elements of the criteria were that there should be
weakness, a raised creatine kinase, EMG abnormalities sup-
porting a diagnosis of myositis, evidence of inflammation on a
muscle biopsy and exclusion of alternative muscle diseases.
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The only distinguishing feature between polymyositis and
dermatomyositis was that of a skin rash. The Bohan and
Peters criteria however do not allow for the fact that the patho-
physiology of polymyositis and dermatomyositis are different
regardless of whether or not there is a skin rash. Polymyositis is
a T-cell mediated disorder while dermatomyositis is a B-cell
mediated disorder with activation of the complement cas-
cade resulting in a vasculopathy. The Bohan and Peters cri-
teria also do not allow the distinction between polymyositis
and inclusion body myositis (IBM). IBM was first described
in 1971 [33], with the first series published in 1989 [34] and
therefore was not a recognized entity at the time of the
Bohan and Peters criteria. It is now thought to be the com-
monest of the inflammatory myopathies. Advances in the
diagnosis of hereditary muscular dystrophies has led to the
appreciation that muscular dystrophies, such as LGMD type
2B with dysferlin deficiency, may have a late sub-acute con-
sent with inflammation on muscle biopsy that mimics
polymyositis. Although the Bohan and Peters criteria do
require exclusion of other muscle diseases they could not have
been specific about the exclusion of diseases such as IBM and
dysferlinopathy which would require more detailed muscle
biopsy analysis than would have been envisaged by Bohan
and Peters. By contrast diagnostic criteria for IBM were
agreed by an expert panel [35], have been endorsed by oth-
ers [36] and seem uncontroversial.

More recent published diagnostic criteria for dermato-
myositis or polymyositis that and tried to take account of
latest advances in knowledge and muscle biopsy techniques
will usually be by a few authors rather than by agreed mul-
tidisciplinary opinion [36–38]. As a result such diagnostic
criteria will be the subject of dispute since polymyositis is a
heterogeneous condition with different specialities having dif-
fering perspectives [39]. The neurologist will see polymyositis
as part of a differential diagnosis of neuromuscular weakness,
while the rheumatologist will see polymyositis more often
in the context of muscle pain and with associated connec-
tive tissue disease.

In clinical practice it would therefore be important to
review the diagnosis in our case scenario particularly with
respect to the possibility of a revised diagnosis of IBM. In
older people clinical experience shows this to be the com-
monest reason for the failure of a case of polymyositis to
respond to treatment.

Treatment
If following diagnostic review the diagnosis is confirmed to
be that of polymyositis then a review of the immuno-
suppressive or immuno-modulatory treatment would be
appropriate. You might ask whether the dose of steroids is cor-
rect and whether an additional treatment is needed and if so
which one. A search of the Cochrane Database of Systematic
Reviews gives one relevant review of treatment of polymyositis
[40,41]. However in this review by Choy et al. the emphasis is

on the second line agents that are used to reduce if not replace
the steroids for long-term immunotherapy. Such treatments 
are used in recognition of the fact that steroids while being
good short-term immunosuppressive agents have side effects
that preclude their long-term use. There is no evidence-based
consensus on the dose or duration of treatment with steroids
that would be appropriate in proven cases of polymyositis.
However most clinicians would regard the 30 mg daily dose of
prednisone being use in our clinical scenario as being a low
dose and thus would advise an increased dose; perhaps as
high as 1.5 mg/kg. If a second line agent is also being consid-
ered then the review by Choy et al. searched the Cochrane
Neuromuscular Disease Group trials register for literature
(searched February 2002 and updated November 2003) and
MEDLINE (January 1966 to December 2002) identifying six
qualifying trials. One of these trials was confined to dermato-
mysositis and is therefore not relevant to our scenario [42].
All the remaining trials used the Bohan and Peters diagnos-
tic criteria [43–46]. Three were judged to be of high quality
while two were open label with inadequate allocation con-
cealment. The second line treatments assessed were plasma
exchange, leukapheresis or sham apheresis with 12 treat-
ments given over a 1-month period [43], 2 mg/kg/day aza-
thioprine or placebo for 3 months in addition to 60 mg of
prednisolone daily [47], prednisolone plus either low-dose
methotrexate (15 mg weekly) or azathioprine (2.5 mg/kg
daily) for 1 year [44], methotrexate 7.5 to 15 mg (mostly
10 mg) orally weekly or ciclosporin A 3.0 to 3.5 mg/kg/day for
at least 6 months [45], oral methotrexate up to 25 mg weekly
with azathioprine 150 mg daily for 6 months or intravenous
methotrexate 500 mg/m2 every 2 weeks for 12 treatments each
with leucovorin rescue (50 mg/m2 every 6 h for 4 doses) [46].
Thus only two of the relevant trials assessed immunosup-
pressive treatment against placebo. None of the trials gave
statistically significant results in favour of any of the
immunosuppressive treatments (Table 24.2). This is not to say
that none of these treatments work but rather that the trials
have not been adequately powered to show benefit. Since
this systematic review fails to help answer our question we
might try and seek guidance from less rigorous lines of evi-
dence such as from non-randomized trials. Van de Vledkkert
et al. conducted a MEDLINE and EMBASE search from 1966
to 2001 for French, German or English reports of treatment
in dermatomyositis and polymyositis and found 92 eligible
papers describing a total of 915 patients (92 of which were
duplicated) in 74 single case reports and 18 case series. They
assessed these reports using 10 standards that were thought
important to allow any reader to recognize their own patient,
copy the treatment and have some idea of the treatment
effect. The conclusion was that the majority of the reports
were of dubious quality and would not allow a useful sys-
tematic review [48]. Thus the decision as to what second
line immunosuppressive treatment to use would have to be
based upon expert opinion and personal preference.

9780727918116_4_024.qxd  2/7/07  2:59 PM  Page 262



Chapter 24: Muscle disorders 263

5. Facioscapulohumeral muscular dystrophy
Are there specific disease-modifying treatments or symptomatic
treatments that could be used?

Background
Facioscapulohumeral muscular dystrophy (FSHD) is an auto-
somal dominant muscle disease with a characteristic pattern of
muscle involvement as its name suggests. It is associated with
contractions of the D4Z4 repeat in the subtelomere of chro-
mosome 4q however the precise mechanism by which this
results in the disease is unknown [49].

Clinical scenario
A 25-year-old man is referred to your clinic with a geneti-
cally proven diagnosis of FSHD. He wants to know if there is
any treatment that could help him.

Evidence
Part of the difficulty of finding a suitable treatment for FSHD
is that its precise pathogenesis is unknown and therefore dis-
ease specific approaches cannot be employed. Thus the search
for potential treatments has been confined either to those
treating aspects of the pathology or else generic muscle disease
treatments. Occasional muscle biopsies from those with FSHD
can show inflammatory cell infiltrates and so it is tempting to
suggest steroid treatment. However this did not help in one
open label study [50]. A Cochrane Systematic Review searched
the Cochrane Neuromuscular Disease Group specialized regis-
ter in August 2003, MEDLINE from January 1966 to August
2003 and EMBASE from January 1980 to August 2003 [51]. It
identified one RCT which compared creatine supplementation

with placebo finding a non-significant difference in favour of
creatine [52]. One other RCT compared high- and low-dose
albuterol (salbutamol) with placebo showing no significant dif-
ference in muscle strength at 1 year but some improvement in
secondary measures such as lean body mass and handgrip
[53]. A further RCT combining albuterol with exercise showed
limited positive effects on muscle strength and volume but not
of a sufficient degree as to justify its routine use [54].

Scapular winging can be a prominent and disabling fea-
ture of FSHD. The periscapular weakness results in inade-
quate scapular fixation such that the deltoid muscle which
may be relatively preserved cannot elevate the arm. Thus
scapular fixation may be a way to significantly improve shoul-
der elevation resulting in very worthwhile functional gains. A
Cochrane Review which searched the literature up to March
2003 did not identify any RCTs for scapular fixation [55]. The
review did highlight the potential benefits of the procedure
but also the potential hazards which include post-operative
pain, respiratory compromise due to splinting of the chest
wall and failure of the fixation procedure. There was also a
paucity of information regarding the long-term prognosis
and benefit for this procedure.
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avoiding, 16–17
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BPPV, see Benign paroxysmal positional vertigo

Brain CTSs policy

outcomes and management, 144
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craniectomy, 120

glycerol, 119–120

mannitol, 119

Brain tumours, 161
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neurological complications, 164
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chemotherapy, 167–168

meta-analysis for malignant glioma, 168
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Calcium-channel blockers (CCBs), 36–37, 119

Calcium gene-related peptide (CGRP), 135
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Canalith jam, 63

Canalolithiasis hypothesis, 59

Cannabinoids, 55, 90

Carbamazepine (CBZ), 50, 146, 175, 176–178
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Carotid stenosis, endovascular treatment, 125

Carpal tunnel syndrome (CTS), treatment, 252–253

local corticosteroid injection, 251, 254
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surgery, 254

Cataplexy, 71

treament, 73, 74

Catechol-O-methyltransferase (COMT), 77

inhibitors, 208–209

Causality, 5, 19

CBZ, see Carbamazepine

Central neuropathic pain (CP), 47

cannabinoids, 55

lamotrigine, 54

mexiletine, 55

opioids, 55

practical recommendations, 55–56

presynaptic calcium-channel modulators (PGB/GBP), 54

sodium-channel blockers, 54

tricyclic antidepressants, 54

valproate, 54

Cerebral ischaemia

management, 134–135

induced hypertension, 134
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pharmacological intervention, 135

transluminal angioplasty, 134

volume expansion, 134

prevention, 131–134

cisternal drainage, 133

intracisternal fibrinolysis, 133–134

plasma volume, increase of, 133

treatment, 131

Cerebral malaria, 156–157

Chemotherapy, 167–168

Chloroethylcyclohexylnitrosourea (CCNU), 167

Cholinesterase inhibitors, 185, 187

efficacy and harm, 186

CIDP, immunotherapy for, 248

Citalopram, 50

Clinical Epidemiology (CE), 4

Clinical practice, 7, 17–19

Clinical research, 7–8, 16–17

Clinical wisdom, 13

Clomipramine, 48

Clonazepam, 76

Clonidine, 90

Clopidogrel, 117, 124

CLOTS, 118

Clozapine, 208, 215–216
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Coenzyme Q10 (CoQ10), 37

Cognitive rehabilitation

acalculia, 83

aphasia, 79–80

apraxia, 82–83

attention disorders, 81

memory, 81–82

SR and RCTs, 84

ULN, 80–81

Combination therapy, 52

Complementary therapy, 194

ALC, 195

aroma therapy, 195

Ginkgo biloba, 194–195

lecithin, 196

music therapy, 195–196

nicotine, 195

phototherapy, 196

COMT, see Catechol-O-methyltransferase

CONSORT statement, 23

Continuous outcomes

grouped outcome measures, interpretation and usage, 18–19

quality of life, 19

Continuous positive airway pressure (CPAP), 70–71

Controlled release (CR) oxycodone, 51

Corticosteroid, 120, 149, 164, 165, 222, 245, 249, 258, 

259–260

in CNS infections, 151

acute bacterial meningitis, 153–155

cerebral malaria, 156–157

herpes simplex encephalitis, 155

Japanese encephalitis, 155–156

neurocysticercosis, 157

tuberculous meningitis, 151–153

for MS, 224

for ON, 222–223

for relapse treatment, 224

Cough assist devices, 240

CT scan, 30–31, 40, 70

DECIMAL trial, 120

Deep venous thrombosis (DVT), 129

prevention, 118

Deflazacort, 258, 259

Dehydroepiandrosterone, 195

Dementia, treatment, 184

agitated behaviour, 188–190

complementary therapy, 194–196

mild to moderate due to AD, 185–187

moderate to severe due to AD, 187–188

VaD and VCI, 190–194

Desipramine, 48

DESTINY trial, 120

Dexamethasone, 121, 152, 165

Diabetic neuropathy (DN), treatment for, 249

glycaemic control, 249–250

pharmacologic intervention, 250

symptomatic treatment, of pain, 250–251

options for, 251

Diagnostic research

diagnostic reviews, 23

construction, 24

critical issues, 24–25

importance, 23

of systematic reviews, 23–24

Dichotomous outcomes, 17, 18

NNTs, calculation, 18

relative versus absolute measures, 17–18

Diclofenac, 31

Divalproex sodium, 36, 190

Donepezil, 185–187, 191, 216–217

Dopamine agonists, 203–204, 210–212

bromocriptine, 204, 211

cabergoline, 203–204, 211

lisuride, 204

pergolide, 210

pramipexole, 203, 211

ropinirole, 203, 210

subcutaneous apomorphine, 211–212

Duchenne muscular dystrophy (DMD), 258, 259

corticosteroid treatment, 258

Duloxetine, 48, 50

DVT, see Deep venous thrombosis

EBMitis, 11

Effectiveness, 5

Eletriptan, 32, 33

Endovascular occlusion, 130

Enoxaparin, 129, 132

Entacapone, 208, 210
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Epidural steroids

for subacute back pain, 42–43

Epilepsy, 146, 173

AEDs

for absence seizure, 179

for first seizure, 173–175

for generalized epilepsy, 176–179

for partial epilepsy, 175–176

second-line AEDs, addition of, 179

surgery, 20, 182

amygdalohippocampectomy, 182

lesionectomy, 182

temporal lobectomy, 182

see also Seizure

Epley manoeuvre, 62, 63

Ergot derivatives, 34–35

contraindications, 35

ergotamine, 34, 35

European Atrial Fibrillation Trial (EAFT), 123

Evidence

causality, 5

proof, 4–5

uncertainty, 8

see also No evidence

Evidence-based medicine, 3, 11

approach, 6

defined, 3–4

developing and using modes, 5–6

internal and external enemies of, 6–7

lessons learned, 7–8

clinical practice, 7

clinical research, 7–8

health care policies, 8

Excessive daytime sleepiness, 71, 74

treatment, 72

Exercise therapy, for chronic back pain, 44

Expanded disability status scale (EDSS), 221, 231

Facioscapulohumeral muscular dystrophy, 263

FASTER trial, 117, 124

Feeding gastrostomy, 240–242

Flubiprofen, 31

Fludrocortisone acetate, 133

Fluid management, SAH, 128

prophylactic hypervolaemia, 128

Flunarizine, 36, 37

Fluoxetine, 36, 50, 74

Folic acid plus vitamin B, 195

Forced vital capacity (FVC), 236, 258

Free radical scavengers

N�-propylenedinicotinamide, 133

tirilazad mesylate, 133

Free radicals, 237

Frovatriptan, 32, 33

Gabapentin (GBP), 50, 90, 179, 237

Galantamine, 187, 193

GBP, see Gabapentin

GBS, see Guillain–Barré syndrome

Generalized epilepsy, 176–179

Gentamicin injection, 65–66

Ginkgo biloba, 194–195

Glatiramer acetate, 225, 231

Glioblastoma multiforme (GBM), 161, 163

Gliomas, 161, 164, 166

HGG, 161

radiotherapy, 166

LGG, 161

radiation therapy, 165–167, 168

Guillain–Barré syndrome (GBS), treatment for, 246

corticosteroids, 245

general medical and nursing care, 245–248

intravenous immunoglobulin, 245

plasma exchange, 244–245

Haemodilution, 117–118, 134

Haemophilus influenzae, 153

Hallpike manoeuvre, 63

Haloperidol, 189, 190

Hamlet, 120

Headache

classification, 29, 30

CT scan, 30–31

Health care policies, 8

Heart rhythm disorders, 136

HeMMi trial, 120

Heparinoids, 9, 116, 129, 132

Herpes simplex encephalitis (HSE), 155

HMG CoA reductase inhibitors (statins), 14, 117, 132–133

Homeopathy, 195

Hydrocortisone, 133, 154

Hyperbaric oxygen therapy (HBOT), 118

Hyperfractionation, 165

Hypertension, 121

Hyperventilation, 148–149

Hyponatraemia, 135–136

Ibuprofen, 31

ICP, management, 148–149

cortisteroids, 149

hyperventilation, 148–149

mannitol, 149

Idiopathic hypersomnia, with and without long sleep time, 

74–75

IGF, 236

Immunoglobulins, 230, 231

Immunotherapy

for disability progression, 230–231

for relapses prevention, 225–230

Inclusion body myositis (IBM), 262

Insomnia, in Parkinson’s disease, 76–77

Interferon, 225, 230–231

for CISs, 224–225

Interferon alpha, 155

International Classification of Health and Functioning, 101

International Classification of Impairments, Disabilities 

and Handicaps (ICIDH), 101

Interventional Management of Stroke Study (IMS-3), 114
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Intra-arterial (IA) thrombolysis, 114–115

Intracerebral haematoma, 127–128, 135

Intracisternal fibrinolysis, 133–134

Intravenous (IV) thrombolysis, 114

Intravenous immunoglobulin, 245

Intravenous methylprednisolone (IV MP), 222, 245, 260

INUS, 5

Invasive assisted ventilation, 239–240

Isoniazid, 152

Japanese encephalitis (JE), 155–156

Kaplan–Meier estimation, 64

KPS score, 161

L-dopa, 77

Lamotrigine, 51, 54, 179, 237

Lazabemide, 200

LBP, see Low back pain

Lecithin, 196

Lesionectomy, 182

Levetiracetam, 179

Levodopa

controlled-release formulations, 204

motor complications, 205–212

standard levodopa, 204

Levorphanol, 55

Liberatory manoeuvres

effectiveness of, 61–63

failure of treatment, 64

side effects of, 63–64

supplementary procedures, 63

Limb-girdle muscular dystrophies (LGMD), 259

Lisuride, 204

Louis, Alexandre, 4

Low back pain (LBP), 40

bed rest, for acute back pain, 40–41

epidural steroids, for subacute back pain, 42–43

exercise therapy, for chronic back pain, 44

manipulation, for acute back pain, 43–44

NSAIDs, for acute back pain, 41–42

surgery, 44–45

Low-molecular-weight heparins, 116

LTG, see Lamotrigine

Lumbar disc prolapse, surgery, 45

Mackie, John, 5

Magnesium, 37

Magnesium sulphate, 132

Mannitol, 119, 149

MAO-B inhibitors, 200–203, 209–210

McDonald criteria, 221

Mechanical clot retrieval, 115–116

Mechanical embolus removal in cerebral ischaemia (MERCI) 

trial, 115

Medicine d’Observation, 4

Melatonin, 76

Memantine, 185, 188, 193–194

efficacy and harm, 188

Memory, rehabilitation of, 81

assistive electronic technologies, use of, 82

external memory aids, use of, 82

internal memory aids, use of, 82

Meniére’s disease (MD), 61

betahistine, 66–67

intratympanic gentamicin injection, 65–66

MESS study, 173

Methadone, 53

Methotrexate, 262

Methylguanine methyltransferase (MGMT), 167

Methylphenidate, 74, 75

Methylprednisolone, 64, 251

Methysergide, 37

Metoprolol, 36, 37

Mexiletine, 52, 55

Midazolam, 128

Migraine

non-specific acute treatments, 31

antiemetics, 31

analgesics and NSAID, 31

prognosis, 37

prophylaxis, 35–37

antidepressants, 36

antiepileptic drugs/neuromodulators, 36

behavioural therapy, 37

beta-blockers, 35–36

calcium-channel blockers, 36–37

herbs and vitamins, 37

methysergide and pizotifen, 37

physical treatments, 37

sinusitis, 30

specific acute treatments, 31–35

ergot derivatives, 34–35

triptans, 32–34

Mild to moderate dementia, treatment of, 185–187

Mini-Mental State Examination (MMSE) scale, 71, 215, 217

Minocycline, 237

Misonidazole, 167

Mitoxantrone, 225–230, 231

MND, see Motor neurone diseases

Modafinil, 74, 75

Moderate to severe dementia, treatment of, 187–188

Montgomery-Asberg-Depression-Rating Scale (MADRS), 71

Morphine, 52

Motor neurone diseases (MND), 234

cough assist devices, 240

MI-E device, 240

feeding gastrostomy, 240–242

invasive assisted ventilation, 239–240

NIPPV, 238

pharmacological treatment, 235–238

respiratory function assessment, 238

‘Multi-modal therapy with an exercise focus’, 44

Multiple sclerosis (MS)

CISs, interferon for, 224–225

corticosteroids, 224

disability progression, immunotherapy for, 230–231

relapses prevention, immunotherapy for, 225–230
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Multiple sleep latency test (MSLT), 71

Muscle disorders

Duchenne muscular dystrophy, 258–259

facioscapulohumeral muscular dystrophy, 263

limb-girdle muscular dystrophies (LGMDs), 59

myasthenia gravis, 259–261

polymyositis, 261–263

Music therapy, 195–196

Myasthenia gravis

corticosteroid, 259–260

with azathioprine, 260

immunosuppressive treatments, 260–261

thymectomy, 261

Nadolol, 36

Naproxen, 31

Naratriptan, 32

Narcolepsy, with and without cataplexy, 71–74

MSLT, 71

Neisseria meningitides, 153

Neurocysticercosis (NCC), 157

extraparenchymal NCC, 157

parenchymal NCC, 157

Neurogenic pulmonary oedema, 136

Neurolinguistic-cognitive approach, 80

Neurological sequelae, 154

Neurology, outcome measures

application, in clinical practice

continuous outcomes, 18–19

dichotomous outcomes, 17–18

application, in clinical research

assessor’s viewpoint, 17

measurement bias, avoiding, 16–17

placebos and blinding, 17

example, 20

primary and secondary outcomes, defining, 15

standardizing, 15

statistical versus clinical significance, 16

surrogate outcomes, 15–16

Neuromodulators, 36

Neuropathic pain, 47

central pain, 54–56

net gain, 48

painful neuropathy, 48–52

postherapetic neuralgia, 52–54

reliability, 48

Neuroprotective agents, 117

Neurorehabilitation

beneficiary, 103–105

health service organization and policy, implications for, 105–106

outcomes, 100–101

research, implications for, 106

searching evidence, general approach, 101

specialist rehabilitation service, 105

timing and intensity, 101–103

Nicardipine, 131, 132, 134

Nicotine, 195

Nifedipine, 37

Nimodipine, 131–132

NIPPV, see Non-invasive positive pressure ventilation

Nitric oxide, 155

Nitrosourea, 167, 168

Nizofenone, 133

NMDA, 187, 191

NMDA-antagonists, 52, 54

NNTs

calculation, 18

No evidence

clinical trial, joining to, 13–14

clinical wisdom, 13

confirmation, 12

EBMitis, avoid succumb to, 11

generalization, with available evidence, 12

non-randomized evidence from good observational 

studies, 12

pathophysiology, relying on, 12–13

therapeutic nihilism, avoid succumb to, 14

see also Evidence

Non-invasive positive pressure ventilation (NIPPV), 238–239

Non-randomized evidence

from good observational studies, 12

Non-rheumatic atrial fibrillation (NRAF), 123

Non-specific acute treatments

analgesics and NSAID, 31

antiemetics, 31

Nordic Cooling Stroke Study (NOCSS), 118

Nortriptyline, 48, 52

NSAIDs, for acute back pain, 41–42

with other control, comparison, 42

Olanzapine, 215–216

Oligodendroglioma, 163

Opioids, 53

Optic neuritis (ON), 221

corticosteroids, 222–223

Optic Neuritis Treatment Trial (ONTT), 222

Organized stroke unit care, 116

Oxcarbazepine (OXC), 50–51, 179

Painful polyneuropathy (PPN), 47

combination therapy, 52

lamotrigine, 52–53

mexiletin, 52

NMDA-antagonists, 52

opioids, 53

practical recommendations, 54

presynaptic calcium-channel modulators, 50

selective serotonin reuptake inhibitors, 50

serotonin–noradrenaline reuptake inhibitors, 48–50

sodium-channel blockers, 50–51

TCA, 48

topical capsaicin, 54

topiramate, 51

treatments, 49

valproate, 51, 54

Pallidotomy, 214–215

Papaverine, 134

Paracetamol, 31, 128
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Parkinson’s disease (PD), 199

and psychosis

clozapine, 215

olanzapine, 215–216

quetiapine, 215

early PD

dopamine agonists, 203, 210

levodopa, 204

MAO-B inhibitors, 200–203

levodopa-induced motor complications

amantadine, 205, 208

clozapine, 208

COMT inhibitors, 208–209

controlled-released levodopa, 205

dopamine agonists, 210–212

MAO-B inhibitors, 209–210

PDD

rivastigmine, 216–217

surgery

ablative, 214–215

stimulation, 212–214

Parkinson’s disease dementia (PDD), 216–217

Paroxetine, 50

Partial epilepsy, 175–176

Paternalism, 7

Pathophysiology, 4–5, 113

relying on, 12–13

PD, see Parkinson’s disease

Percutaneous endoscopic gastrostomy (PEG), 240, 241, 242

Pergolide, 210

Peripheral nerve disorders

Bell’s palsy, treatment for, 248–249

CIDP, immunotherapy for, 248

CTS, treatment for, 251–254

DN, treatment for, 249–251

symptomatic treatment, 250–251

GBS, treatment for, 244–248

Petasites hybridus, 37

Pharmacological treatment, 185, 187, 188, 190

for motor neurone disorders, 235–238

for rebleeding, 130–131

Phenobarbital, 175–176, 178

Phenobarbitone, 146

Phenol, 90

Phenytoin, 50, 146, 176, 178

Phototherapy, 196

Piritramide, 128

Piroxicam, 31

Pizotifen, 37

Plasma exchange (PE), 244–245

Plasmodium falciparum, 156

Polymyositis, 261–263

second line treatments, 263

Poor clinical condition

acute hydrocephalus and intraventricular 

haemorrhage, 128

acute subdural haematoma, 128

intracerebral haematoma, 127–128

Porch Index of Communicative Abilities (PICA), 80

Postherpetic neuralgia (PHN), 47, 52–54

capsaicin, 54

NMDA-antagonists, 54

opioids, 53

practical recommendations, 54

presynaptic calcium-channel modulators (PGB/GBP), 53

TCA antidepressants, 52

topical lidocaine, 54

treatments, 53

valproate, 54

Post-Stroke Rehabilitation Outcomes Project (PSROP), 105

Post-traumatic epilepsy, 146

Post-traumatic seizures (PTS), 146

Practical recommendations, 53–54

for CP, 55–56

for PHN, 54

for PPN, 52

Pramipexole, 76, 203, 211

Prednisolone, 152, 258, 260

Prednisone, 222, 258

Pregabalin (PGB), 50

Presto trial, 210

Presynaptic calcium-channel modulators

for CP, 54

for PHN, 53

for PPN, 50

Preventive volume expansion therapy, 133

Primary and secondary outcomes, defining, 15

Procarbazine chloroethylcyclohexylnitrosourea vincristine 

(PCV), 167

Prognosis, 37

of acute migraine attacks, 37

of brain tumours, 161

of herpes simplex encephalitis, 155

of traumatic ASDH, 143

Proof, 3, 4–5

Prophylaxis, of acute migraine attacks

antidepressants, 36

antiepileptic drugs/neuromodulators, 36

behavioural therapy, 37

beta-blockers, 35–36

calcium-channel blockers, 36–37

guidelines, 35

herbs and vitamins, 37

methysergide and pizotifen, 37

physical treatments, 37

Propranolol, 35–36, 37

Prostacyclin, 119

Psychosis, 215–216

Pyrazinamide, 152

Pyridoxine, 152

QUADAS tool, 25

Quality of life, 19, 182

Quetiapine, 215

Quinine, 156

Radiation therapy, 165–167

Radiologically inserted gastrostomy (RIG), 241–242
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Randomized control trials (RCTs), 5, 23, 47, 90, 167, 170, 

182, 236

Rasagiline, 200, 209–210, 212, 217

REAL-PET study, 203

Rebleeding, aneurysmal SAH

endovascular occlusion, 130

management

emergency occlusion, 134

resuscitation, 134

pharmacological treatment, 130–131

antifibrinolytic agents, 131

recombinant factor VIIa, 131

prevention, 129

surgical occlusion, 130

treatment, 129

Receiver-operating characteristic (ROC) curve, 25

REM sleep behaviour disorder (RBD)

in Parkinson’s disease, 75–76

Respiratory function assessment, 238, 241

Respiratory muscle strength (RMS), 238

Ribavirin, 155

Riboflavin (vitamin B2), 37

Rifampicin, 152

Riluzole, 13, 234, 236, 242

Rivastigmine, 187, 193, 216–217

Rizatriptan, 32, 33

Ropinirole, 203, 210

Sciatica, 40

Seizure, 20, 146–147, 157

first seizure, treatment, 173–174, 175

see also Epilepsy

Selective serotonin reuptake inhibitors (SSRIs), 36, 50, 74

Selegiline, 200, 209

Semont’s manoeuvre, 63

Serotonin–noradrenaline reuptake inhibitors (SNRI), 48, 50

Serum lipid, 121, 123

Simvastatin, 117, 123

Sleep apnoea syndrome, 70–71

Sleep disorders

idiopathic hypersomnia, with and without long sleep 

time, 74–75

insomnia in Parkinson’s disease, 76–77

narcolepsy, with and without cataplexy, 71–72

RBD in Parkinson’s disease, 75–76

sleep disordered breathing and stroke, 70–71

CPAP, 70–71

Slow vital capacity (SVC), 242

Sodium oxybate, 74

Sodium valproate (VPA), 175, 176, 178

Sodium-channel blockers, 50–51

Spacing-of-repetitions procedure, 82

Spasticity, 89

BTX, 90, 95–96, 97

intrathecal drugs, 90

oral anti-spasticity drugs, 90

oral drug treatments, 92–93

physical interventions, 91

physiotherapy, 89–90

Spatiomotor, 80

Specific acute treatments

ergot derivatives, 34–35

triptans, 32–34

Spinal fusion surgery, 45

SSRIs, see Selective serotonin reuptake inhibitors

STARD initiative, 23, 24

Statins, 117, 132–133

Stem cell therapy, 242

Stereotactic radiosurgery (SRS), 162, 166, 169

Steroids

for brain tumours, 165

Stimulation surgery

pallidal (GPi) stimulation, 212–213

subthalamic nucleus, 213

Streptococcus pneumoniae, 153

Stroke, secondary prevention

antithrombotic agents, 123–124

carotid stenosis, endovascular treatment for, 125

risk factor modification, 121–123

symptomatic carotid stenosis, endarterectomy, 124–125

Studio Italiano Fibrillazione Atriale (SIFA) trial, 123

Subarachnoid haemorrhage (SAH), 127, 131, 133, 143

Subcutaneous apomorphine, 211–212

Sumatriptan, 32, 33

Summary ROC (sROC) curve, 25

Surgical occlusion, 130

Symptomatic carotid stenosis, endarterectomy, 124–125

Systemic complications management, 135–136

heart rhythm disorders, 136

hyponatraemia, 135–136

neurogenic pulmonary oedema, 136

Tacrolimus, 260

Taenia solium, 157

TBM, see Tuberculous meningitis

Temozolomide, 167, 168

Tempo trial, 200

Temporal lobectomy, 182

Terms of reference, 3

Tetrahydrocannabinol (THC), 55

Thienopyridines, 124

Thymectomy, 261

Tiagabine, 179

Timolol, 36

Tirilazad, 133

Tizanidine, 90

Tolcapone, 208–209, 217

Tolfenamic acid, 31

Tolperisone, 90

Tonic clonic seizures, 178

Topical capsaicin, 52, 54

Topiramate, 36

Tramadol, 52, 53, 128

Transient ischaemic attack (TIA), 113, 163

Transluminal angioplasty, 134

Traumatic brain injury (TBI), 79, 100, 103, 142, 143, 147

Trazodone, 189

Tricyclic antidepressants (TCA), 48, 54, 74, 77
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Triptans, 14, 32–34

contraindications, 33

efficacies, 32–33

guidelines, 33

meta-analysis, 34

uses, 34

Tromethamine (THAM), 148, 149

Tuberculous meningitis (TBM), 151

grades, 152

Uncertainty, 5, 130

Unfractionated heparin (UFH), 9, 116, 117

Unilateral neglect (ULN), 79

rehabilitation of, 80–81

Upper motor neurone (UMN) syndrome, 89, 235, 91

Valacyclovir, 64

Valproate, 36, 51, 54, 147

Valproic acid, 189–190

Vascular dementia (VaD), 184, 190

cholinergic deficits, 190

subtypes, 190

treament, 190–194

Venlafaxine, 48, 50

Verapamil, 36, 37, 134

Vertigo and dizziness, 59

BPPV, 59, 61, 63, 64

MD, 61, 65

VN, 59–61

Vestibular neuritis (VN), 59–61

corticosteroids, 64

treatment for, 65

vestibular tonus imbalance, for physical therapy, 64–65

Vestibulotoxic drugs, 61

Vigabatrin, 179

Visual scanning training, 80, 81

Visuomotor, 80

Whose brain radiotherapy (WBRT), 162, 169, 170

Xaliproden, 234, 237–238

Zolmitriptan, 32

Zonisamide, 179
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