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Use of Pagers With an Alarm
Escalation System to Reduce
Cardiac Monitor Alarm Signals
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Alarm fatigue desensitizes nurses to alarm signals and presents potential for patient harm. This
project describes an innovative method of communicating cardiac monitor alarms to pagers using
an alarm escalation algorithm. This innovation was tested on 2 surgical progressive care units over
a 6-month period. There was a significant decrease in mean frequency and duration of high-priority
monitor alarms and improvement in nurses’ perception of alarm response time, using this method
of alarm communication. Key words: alarm fatigue, clinical alarms, fatigue/prevention and
control, medical errors/prevention, noise/adverse effects, pagers

THE MYRIAD of medical device alarm
signals has created an environment

that poses significant risk to patient safety.
Studies indicate that 80% to 99% of alarms
generated by medical devices are false and/or
clinically insignificant, resulting in a phe-
nomenon known as alarm fatigue.1-4 Alarm
fatigue is a national problem and can lead
to alarm desensitization, resulting in errors
of inattention, distraction, or omission.5

From 2005 to 2008, the Food and Drug
Administration MAUDE: Manufacturer and
User Facility Device Experience database
received 566 reports of patient deaths related
to monitoring device alarms.6 ECRI Institute
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(formally known as the Emergency Care and
Research Institute), a nonprofit organization
that uses applied scientific research in health
care to establish best practices for improving
patient care, publishes an annual top-10
technology hazards list. Alarm hazards have
been named the number 1 health technology
device hazard for the past 2 years and have
been in the top-10 list since its inception.7

Clinicians rely on alarm signals to notify
them of impending problems. When too many
alarms are false and/or clinically insignificant,
staff may fail to respond to a true event. One
of the major reasons for false alarms is high
sensitivity in medical device alarm systems in-
tended to prevent a missed true alarm event.8

Although effort is underway to decrease the
false alarm rate with technological advances,
such as multiparameter algorithms (smart
alarms) and signal filtering, these approaches
are not widely available.8

Our challenge was to ensure adequate
monitor alarm notification on units that
have spacious designs, long hallways, private
rooms, and multiple nursing stations. A new
hospital construction project afforded us
the opportunity to rethink our units alarm
notification design and evidence-based ways
to minimize alarm fatigue and maximize alarm
response. Alternative approaches considered
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included monitor watchers and both fixed and
portable secondary alarm notification devices.

REVIEW OF LITERATURE

Despite few studies supporting the benefit
of human cardiac monitor watchers, this
alarm management approach is prevalent in
many hospitals today.9 There is no random-
ized controlled research evidence indicating
the benefit of this approach or how many
monitors can be safely viewed by a single
monitor watcher.8 In addition, this alarm man-
agement strategy is costly, requiring about 4.5
full-time employees to continuously manage
32 to 60 patient waveforms. Our hospital
uses only unit-based monitor watchers on 2
high-risk units. On all other units, nurses must
remain attentive to alarm signals through a
variety of methods using both primary and
secondary alarm notification systems.

Research evidence indicates that the use of
other technologies, such as pagers, may be
a viable alternative to human monitor watch-
ers, with no significant difference in patient
outcomes.10,11 There are several problems
associated with pagers for alarm notification.
One problem is that the paging device may fail
to communicate alarm signals due to network
or connectivity issues. Another problem is
the lack of false alarm signal filtering. Monitor
watchers filter clinically insignificant alarms
otherwise automatically sent to pagers.
Bonzheim et al12 conducted a study of nurses’
responses to telemetry alarm signals using
a monitor watcher to communicate alarm
information directly to the nurse’s voice com-
munication badge. Time to first contact from
the monitor watcher to the nurse was signif-
icantly better with the voice communication
badge than with a 1-way pager (P < .0003).12

This approach offered the additional benefit
of alarm filtering by the monitor watcher,
thereby minimizing the number of false
alarm signals sent to the nurse and closing
the communication loop by allowing nurse
acknowledgment on the notification device.

False alarms reduce the credibility of an
alarm monitoring system, resulting in a cry

wolf phenomenon whereby clinicians may
ignore or respond slowly to a recurring alarm
signal.13 An approach to reduce false alarm
signals is to reduce sensor (ie, electrodes,
leads, probes) artifact induced by patient
movement.14 Studies indicate that staff manip-
ulation of monitor sensors during patient care
activities results in alarms that self-correct
without any intervention.3,15 False alarms
could be reduced by suspending monitor
alarms for a short time period prior to patient
manipulations. In a study, adding a 14-second
delay removed about 50% of ineffective alarm
signals and adding a 19-second delay removed
about 67% of ineffective alarm signals.15 Suc-
tioning, washing, repositioning, and oral
care conducted during quiescent alarm states
generated many false alarm signals.15

Another approach to reduce false alarm fre-
quency is the use of smart alarm technology
that applies multiparameter filters, threshold
delays, fuzzy logic, and/or technical validation
before alerting the clinician.16-23 Evidence
indicates that these new technologies result
in fewer but better alarm signals by reducing
the number of clinically insignificant alarms;
however, they are not available in most
monitoring systems today.

An approach that blends the use of a
wireless device for alarm notification with
preprogrammed delays and closed-loop
communication is newly emerging as a viable
option for alarm management. Alarm integra-
tion systems provide intelligence in routing
alarm signals to mobile devices through
predefined workflow algorithms.24 The alarm
integration system serves as a router to send
signals sequentially to a specified person(s).
The algorithms enable the use of customized
filters, which result in transmission of fewer
alarm signals and a reduction in false and/or
clinically insignificant alarms. Such filters
screen alarm conditions that self-correct or
are caused by patient manipulation.

Our hospital uses an alarm integration sys-
tem that routes alarm signals from multiple
medical devices to mobile wireless devices
and affords the ability to create alarm notifi-
cation algorithms as an alternative to human
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monitor watchers. This quality improvement
(QI) project involves an innovative approach
to notify nurses of high-priority cardiac
monitor alarm signals using an alarm esca-
lation algorithm to selectively filter, delay,
and route alarms to appropriate caregivers’
acknowledgement pagers.

METHODS

Aims of the project

The purpose of this project was to deter-
mine whether a cardiac monitor alarm escala-
tion algorithm that filters physiologic monitor
alarms before sending them to a nurse’s
acknowledgement pager is an effective
method to notify staff of high-priority alarm
signals. There were 2 specific aims: (1) to de-
crease the average frequency and duration of
high-priority cardiac monitor alarms per mon-
itored bed and (2) to improve nurses’ attitudes
about clinical alarms, including perception of
effectiveness of notification devices.

Unit descriptions

This QI project took place at The Johns
Hopkins Hospital, after approval by our hospi-
tal’s institutional review board, on 2 surgical
progressive care units from April 2012 to Oc-
tober 2012. The hospital was in the midst of
a large renovation project, and both 28-bed
units moved from their original location to
spacious 32-bed units in a new building. Unit
A specializes in cardiac surgical procedures,
including cardiac transplantation; unit B spe-
cializes in noncardiac surgical procedures,
including noncardiac organ transplantation.
Most patients on unit A are monitored until
hospital discharge (average monitor census
25), whereas unit B typically has fewer mon-
itored patients (average monitor census 4).
The patient-to-nurse ratio on both units is 3:1
on day shift and 4 to 5:1 on evening and night
shifts. The new units are identical in size and
configuration, have only private rooms, and
have multiple nursing stations. Primary car-
diac monitor alarm notification is provided by
the patient’s bedside monitor as well as cen-
tral cardiac monitors located at the nursing

stations. The units do not have centralized or
unit-based human monitor watchers. Before
moving to their new location, both units re-
lied on hearing alarm signals from the bedside
or central monitor without the use of a wire-
less communication device. Alarm audibility
is a particular challenge in the spacious new
units, so reliable secondary alarm notification
was necessary to ensure prompt cardiac mon-
itor alarm response when the nurse was not
in proximity of the primary alert systems.

The innovation: Alarm escalation
algorithm and acknowledgement pager
for alarm notification

The Johns Hopkins Hospital Alarm Commit-
tee developed an alarm escalation algorithm
for crisis and noncrisis cardiac monitor alarm
conditions. This algorithm (Figure 1) was de-
signed by examining alarm logs and deter-
mining which high-priority cardiac monitor
alarms were actionable and should be sent
to the nurses’ alarm notification pager. The
pager functions on a dedicated, radio-based
network and receives cardiac monitor alarm
signals sent through the alarm integration sys-
tem. The acknowledgement function allows
the user to confirm receipt of a page to close
the communication loop. Both units use the
same cardiac monitors and have the same
monitor alarm default parameters. Nurses fol-
low the hospital’s Cardiac and Physiologic
Monitor policy, which allows patient-specific
alarm customization by the nurse.

Actionable, high-priority alarms were
divided into crisis and noncrisis conditions.
Crisis alarm conditions are sent immediately
to the nurse’s acknowledgement pager fol-
lowing an alarm escalation path across a pre-
determined sequence (Figure 1); noncrisis,
high-priority alarm conditions are sent to the
nurse’s acknowledgement pager only if the
alarm persists longer than 60 seconds. This
time frame was selected by examining the
units’ alarm duration logs, which indicated
that approximately 90% of alarm conditions
self-correct in less than 60 seconds. We
anticipated that sending noncrisis alarms to a
care provider before 60 seconds would result
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Figure 1. Alarm escalation algorithm.

in too many clinically insignificant “nuisance”
alarms, thereby desensitizing staff. The Alarm
Committee agreed that noncrisis alarm condi-
tions that persist for longer than 60 seconds
require intervention and should be commu-
nicated to the nurse’s pager. Once the nurses
receive alarm notification, they could either
acknowledge receipt on the pager, allowing
a predefined period of time for alarm correc-
tion prior to subsequent escalation to other
staff, or immediately escalate the alarm signal
by pressing an escalation button. In that case,
the alarm signal is immediately routed to the
backup care provider. If the alarm persists af-
ter escalation for a predefined time, it is sent to
the charge nurse’s pager as the final escalation
step.

Unit A implemented this process by provid-
ing an acknowledgement pager to each nurse
who was responsible for responding to the
patient’s alarm signals. For each shift, primary
and secondary alarm escalation assignments
were made using an alarm integration system.
Because monitor census is low in unit B, they

decided to provide an acknowledgement
pager only to the charge nurse who was re-
sponsible for responding to all alarm signals
and serving the backup role. The units began
using the new process on April 2012 after
their move.

Measurement of alarm frequency
and duration

Using the alarm integration system, clinical
engineering captured de-identified monitor
alarm data from both units for 3 predeter-
mined, 7-day time frames. The data retrieved
included bed number, name of alarm, dura-
tion, date, time, and alarm priority. Data were
collected at T0 (baseline, prior to the units
moving and before implementation of the
alarm escalation algorithm); T1 (2 months af-
ter the units moved and postimplementation
of the alarm escalation algorithm); and T2

(4 months postimplementation of the alarm
escalation algorithm). Data were provided to
the investigators in a spreadsheet format.
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Alarms were sorted into the following
categories: (1) patient status alarms included
high-priority (crisis), medium-priority (warn-
ing), and low-priority (advisory) signals;
and (2) technical alarms including lead and
telemetry battery failure. Since low-priority
monitor alarms occur frequently, are available
for review in alarm data logs, and generally do
not require immediate attention, these alarm
signals were not incorporated into the alarm
escalation algorithm. Only alarms defined a
priori as high priority (crisis, warning, and
select technical alarms) were included in the
alarm escalation algorithm (Figure 1). Monitor
census was acquired for each day studied,
allowing calculation of alarms per monitored
bed. Alarm data were transferred into IBM
SPSS Statistics for Windows (version 20;
Armonk, New York)25 for calculation of se-
lected outcomes, which included mean alarm
frequency and duration per monitored bed.

Measurement of nurses’ perception
of alarms

A 2011 Clinical Alarms Survey, previously
used for national online alarm surveys, was
selected for measuring nurses’ perception
of alarms. The tool was developed in 2005
by the American College of Clinical Engi-
neering Healthcare Technology Foundation
as a way to identify alarm design issues,
opportunities for enhancements, perception
of alarm response, and appropriate actions
to resolve alarm-related issues.26 It consists
of a 22-item instrument for clinicians to rate
their opinions on a Likert scale (1 = strongly
agree; 5 = strongly disagree). In addition,
there are 9 alarm issues that participants are
asked to rank order (1 = most important;
9 = least important). Validity or reliability data
were not available from the survey developer;
however, we calculated internal consistency
on our survey data using the Cronbach α,
which yielded a coefficient of 0.75 (pretest)
and 0.78 (posttest). Seven survey questions
were selected a priori based on prediction
of how the alarm escalation algorithm may
affect nurses’ perceptions of alarms (see

Supplemental Digital Content, Table, avail-
able at: http://links.lww.com/JNCQ/A32).

Of the 24 RNs who took the preinterven-
tion survey and the 31 RNs who took the
postintervention survey, 15 RNs could be
matched by personal identification number
and/or demographics. Demographic data for
the 15 nurses indicated that the respondents
were predominantly full-time, bachelor of
science in nursing–prepared females with 3
or more years of experience working on a
cardiac monitored unit.

RESULTS

Aim 1: Frequency and duration of
alarm signals

Average alarm frequency and duration per
monitored bed per day were measured at 3
predetermined time intervals (T0, T1, and T2).
There were 14 312 high-priority cardiac mon-
itor alarm signals from both units (T0 = 5134
alarms; T1 = 3172 alarms; T2 = 6006 alarms)
occurring during the 3 (7-day) assessment in-
tervals, with 89% of the alarms occurring on
unit A, which had a higher monitor census
than unit B. A total of 868 of these alarm sig-
nals were removed from data analysis. The
removed alarms included 583 alarm signals
that were deemed as artifacts due to a du-
ration of less than 1 second and 285 alarm
signals that had a duration exceeding 600 sec-
onds, the maximum duration of the alarm
escalation algorithm. Of the 285 alarm sig-
nals exceeding 600 seconds, 274 (96%) were
technical alarms (eg, leads fail, arrhythmia
suspend).

Results for average alarm frequency per
monitored bed per day are presented in
Figures 2 (unit A) and 3 (unit B). A linear re-
gression line demonstrates that the slope of
the trend line decreased by 0.75 alarms per
bed per day when nurses carried an acknowl-
edgement pager and received their own pa-
tients’ monitor alarms. Unit B demonstrated a
slight increase in alarms per bed per day with
the slope of the trend line, increasing 0.07
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Figure 2. Unit A: Average alarms per bed per day.

alarms per bed per day when only the charge
nurse carried the acknowledgement pager.

Figures 4 and 5 demonstrate the decrease
in average alarm duration per day for both
units. Unit A exhibited a larger decrease than
unit B. A linear regression line demonstrates
that for every day, the slope of the trend line
decreased by 0.33 seconds per day for unit
A and 0.27 seconds per day for unit B. The

difference in mean alarm duration time from
T0 to T2 was 5.19 seconds for unit A and 2.27
seconds for unit B.

Aim 2: Nurses’ perception of alarms

A paired-samples t test was conducted to
evaluate the impact of the intervention on
perception of alarms. There was a statisti-
cally significant change in perception of nurse

Figure 3. Unit B: Average alarms per bed per day.
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Figure 4. Unit A: Mean duration of alarms.

sensitivity to alarms and quickness of re-
sponse (Q13) from preintervention (M =
2.73, SD = 0.88) to postintervention (M =
2.13, SD 0.83), P = .045 (2-tailed). The mean
change in perception was 0.6 (SD = 1.1), with
95% confidence interval ranging from 0.02 to
1.18. The η2 statistic (0.26) indicated a large
effect size. Although there was change in a
positive direction in nurses’ perception of ad-
equacy of alarms to alert staff (Q11) and their

perception of the benefit of alarm integration
tools (Q18), the results were not statistically
significant.

To compare our data with that which
was obtained during a national survey,9 we
combined “agreed” and “strongly agreed”
responses for the 7 alarm survey questions
shown in the Supplemental Digital Content
Table (available at http://links.lww.com/
JNCQ/A32). The responses for paired groups’

Figure 5. Unit B: Mean duration of alarms.
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pre-/postimplementation of the alarm
escalation algorithm demonstrate improve-
ment in nurses’ perception of alarm adequacy
in alerting staff to changes in patient con-
ditions (Q11), staff sensitivity and response
to alarms (Q13), and usefulness of alarm
integration systems via pager in improving
alarm response (Q18). There was no change
in nurses’ perceived frequency of nuisance
alarms (Q5), perceived propensity to turn
nuisance alarm signals off (Q7), or perceived
difference in the number of missed alarms
(Q12). There was an increase in nurses’
perception that nuisance alarms disrupt
patient care (Q6). Our postintervention
results were comparable with the responses
from the national sample, except that our
results showed a greater perception that
alarm integration is useful in improving alarm
management/response (Q18).

DISCUSSION

Summary of outcomes

Our results indicate that the alarm escala-
tion algorithm and acknowledgement pager
improved nurse notification of high-priority
monitor alarms on surgical progressive care
units. The frequency and duration effects
were more pronounced on unit A, where each
nurse carried a pager and received his or her
own patient’s alarm signals. There was a slight
increase in the average frequency of alarms
per monitored bed per day on unit B, where
only the charge nurse carried a pager (Figures
2 and 3); however, there was a decrease in
mean alarm duration. Overall, it took unit B
longer to respond to alarms, as evidenced by
the longer mean alarm duration than unit A
(Figures 4 and 5), despite having fewer pa-
tients on cardiac monitors. This is understand-
able, given that each RN on unit B did not re-
ceive personal notification for his or her mon-
itored patient’s alarms.

The clinical alarm survey results indicate
improved perception of nurse sensitivity and
responsiveness to alarm signals postinter-
vention; however, nuisance alarms were still

perceived as being disruptive to patient
care. The additional notification provided
by pagers may have been perceived as a
nuisance since the nurse may have received
2 alarms for the same event: primary (from
the bedside monitor) and secondary (from
the pager). It is difficult to know whether
the intervention was the reason for the
change in nurses’ perception to sensitivity
and responsiveness to alarm signals. Both
units experienced substantial change as a
result of moving into new units, and this may
have had an effect on nurses’ responses.

Implications

The implications of this QI project are note-
worthy. This is the first publication to demon-
strate the use of an alarm integration system
and an acknowledgment pager for secondary
alarm notification. Adding a delay to noncri-
sis alarm signals, before sending the signal to
a secondary alarm notification device, allows
time for the primary alarm signal to correct.
Delays minimize the amount of alarm signals
sent to the nurse’s pager, thereby decreasing
distraction and increasing the likelihood that
alarm signals sent to the nurse’s pager are
actionable.

Recommendations for further
investigation

This project did not investigate false alarm
prevalence. Studies are needed to determine
the effect of the alarm escalation algorithm on
the false alarm rate. This project took place on
units that had both bedside and central mon-
itors. Results may differ on units without the
necessary equipment to enable viewing and
correction of alarm signals at the patient’s
bedside. More work is needed to determine
whether an alarm escalation algorithm and
an acknowledgement pager are viable options
for units that do not have bedside or central
monitors.

The acknowledgement pagers used in this
project did not provide a waveform display.
A waveform display would have provided con-
text to the alarm text message. It is uncer-
tain whether this would have improved the
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project results by enabling the nurse to make
decisions regarding the need to take action.
Having a waveform display may have discour-
aged nurses from going to the patient’s bed-
side or central monitor to validate the alarm
signal. More work is needed to test the benefit
of using an alarm escalation algorithm along
with an acknowledgement pager with a wave-
form display.

Limitations

Quality improvement data limit generaliza-
tion of results. In addition, the following lim-
itations related to the 2 study aims should be
considered: First, by moving to more spacious
units, the duration of alarms may have been
affected. The time to resolve alarm conditions
was impacted by greater distances that staff
had to walk to correct alarm signals. In addi-
tion, there were fewer monitored patients on
unit B, resulting in fewer alarm signals for cal-
culation of average frequency/duration than
on unit A.

Second, the sample size of 15 was in-
sufficient for testing significance of nurses’
perception of alarms. In addition, the alarm
notification process differed in that each
nurse carried a pager on unit A whereas only
the charge nurse carried a pager on unit B. A

confounding factor that may have influenced
nurses’ responses to the alarm survey was the
addition of a wireless phone to communicate
nurse call system messages/alerts on both
units after their move, increasing the number
of alarm signals communicated to the nurse
(eg, bed exit, ventilator, bathroom calls) and
resulting in nurses on unit A having to carry
2 different alarm notification devices (ie, a
phone and a pager).

CONCLUSIONS

The desired outcomes, decreased mean
alarm frequency and duration, were achieved
when each nurse carried a pager (unit A)
and received direct alarm notification for
his or her patients. We conclude that the
combination of an alarm escalation algorithm
and an acknowledgement pager has poten-
tial to improve alarm response time and
minimize alarm fatigue by decreasing non-
actionable alarm signals sent to the nurse.
A decrease in alarm signals results in less
noise at the patient’s bedside and improved
nurse awareness of relevant alarms. For units
without monitor watchers, this may be a
viable option to ensure secondary alarm
notification.
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