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Abstract— Electrocardiographic [ECG] alarms are used in acute
care settings to continuously monitor patients’ cardiac status,
and to alert clinicians to potentially life-threatening changes in a
patient’s condition. However, the numbers of alarms in the acute
care setting have increased exponentially in the past 20 years.
This was to ensure patient safety, and to avoid adverse events
that could end in litigations [1]. Cardiac alarms represent the
second most frequent alarm in the acute care setting at 37% [2].
Although ECG alarms may help save lives, proper alarm
management has been problematic and ECG alarms that were
designed to enhance patient safety have become a top national
safety hazard. Registered Nurses [RNs] must respond to a variety
of alarms in acute care settings; however many of these alarms
require no action because they may not be triggered by an actual
health need. Responding to non-actionable alarms can interrupt
nursing workflow, increase the likelihood of clinical errors, and
can lead to alarm fatigue and nurse burnout, as well as serious
financial consequences for the organizations. This paper
discusses problems with ECG alarm management as experienced
by RN’s, and provides suggestions to improve alarm
management in acute care settings.
Keywords-alarm management; alarm
electrocardiographic alarms; acute care setting.
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l. INTRODUCTION

Electrocardiographic [ECG] alarms are used in the acute
care setting to continuously monitor patients’ cardiac status,
and to alert clinicians to potentially life-threatening changes in
a patient’s condition. However, the numbers of alarms in the
acute care setting have increased exponentially in the past 20
years in order to ensure patient safety, and to avoid adverse
events that could end in litigations [1]. Cardiac alarms
represent the second most frequent alarm in the acute care
setting at 37%. [2]. Although ECG alarms may help save lives,
proper alarm management has been problematic. In a study by
the Food and Drugs Administration, 566 deaths occurring from
2005 to 2008 were related to alarm safety [3]. In 2003, the
Joint Commission reviewed 23 sentinel incidents, and found
through root cause analysis that inappropriate alarm
management was the main contributing factor [2]. As a result,
the Joint Commission set proper alarm management as a
National Patient Safety Goal [2]. Further investigations by the
Joint Commission from 2009 to 2012 found 98 sentinel events
related to alarm management from 2009 to 2012 [3]. In 2014,
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the Joint Commission made effective alarm management an
accreditation requirement for all hospitals [2].

The ECG alarm that was designed to enhance patient safety
has become a top national safety hazard. Instances of
problematic ECG alarms include the death of a 60-year-old
man because of a lack of response to the apnea alarm [4]. On
another occasion, a cardiac alarm sounded for more than 75
minutes when a non-functional battery apparently contributed
to a patient’s eventual un-witnessed cardiac arrest [2]. Due to
the impact on lives the Joint Commission not only made ECG
alarm management a National Patient Safety Goal in 2013, but
appropriate alarm control is now an accreditation requirement

[5].

Registered Nurses [RNs] must respond to a variety of
alarms in acute care settings, however many of these alarms
require no action because they may not be triggered by an
actual health need. Responding to non-actionable alarms
interrupts nursing workflow, increases the likelihood of clinical
errors, leads to alarm fatigue, nurse burnout, and
insurmountable financial consequences for the organizations.
The purpose of this paper is to discuss problems with ECG
alarm management as experienced by RN’s, and to provide
suggestions to improve alarm management in acute care
settings.

Il.  HIGH ALARM FREQUENCY

The acute care setting can have as many as 40 alarms on
various equipment including respirators, pulse oximetry,
arterial pressure and ECG monitors [2]. In one study 350
alarms per day were reported [2] while another study reported a
total of 318,000 cardiac alarms for 154 patients over a period
of two months [6]. Philips Healthcare, a cardiac alarm
manufacturer, conducted an audit on a telemetry unit and found
that an RN may have to respond to an average of 3.7 alarms per
minute [7]. Regulatory restrictions require default alarm
settings to be highly sensitive in order to avoid liability issues
in case adverse events occur [7]. Philips Healthcare named
failure mode, faulty sensors, loose sensor connection, overly
sensitive settings, inaudible alarms due to simultaneous sounds
and lack of response from clinicians as main causes of excess
telemetry alarms [7]. To avoid missed alarms, alarm sensitivity
was increased, thus leading to even more alarms sounding off
in an already-noisy environment [7]. Additionally, alarms
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sounded do not only indicate changes in patient status, a large
portion of them are associated with equipment malfunction
including device problems such as a loose lead connection or
low battery [2].

I1l.  ALARM FATIGUE

The ECG alarm was designed under the “better-safe-than-
sorry” logic, meaning that alarm, can be highly sensitive but
low in specificity [8]. False alarms, or alarms that have no
clinical significance occur in up to 99% of all alarm [8]. These
false alarms create a condition where alarms lose credibility
causing nurses to respond mostly to alarms they consider
critical [2]. Moreover, the design of ECG alarms does not
consider the cognitive capacity and processing mechanisms of
the healthcare worker [1]. A study at a large Canadian
Hospital reported that clinicians were only able to recognize
half of the alarms that exist in Intensive Care Units even
though they may have worked there on a daily basis for years
[9]. Alarms that are often loud, and frequent can result in
nurses ignoring them or turning them off. According to a
survey by the American College of Clinical Engineering, 81%
of nurses surveyed considered non-actionable alarms
disruptive to patient care, 77% believed false alarms lower
alarm credibility, leading to alarm silencing [8].

Overwhelmed nurses can develop alarm fatigue, which is a
phenomenon where healthcare workers who are exposed to a
high frequency of alarms become desensitized and selectively
respond to whatever alarm they deem important [2]. Many
nurses suspend or deactivate alarms, which have directly led
to untoward patient outcomes [2]. A patient died in a
Massachusetts hospital after the ECG alarm was turned off, 3
post-operative patients died in the state of Pennsylvania after
the alarm was deactivated, and a 17-year-old patient after a
simple tonsillectomy died because her cardiac alarm was
muted [10].

IVV.  NOISE POLLUTION

Hospital noises can affect both patients and nurses. Hospital
noise has been reported as the number one cause of sleep
disturbance in hospitals [11]. World Health Organization
(WHO) recommends an average noise level of 35 dB in the
hospital; however, it has been reported that patient room noise
levels never once fell below the WHO recommended level and
daytime peak level reached 80.3 dB which is an intensity
similar to that of a chainsaw [12]. Patients have also reported
at least one hour less than their baseline sleep, with low sleep
efficiency of 73.3 % while hospitalized. Additionally, 42% of
patients and staff studied reported alarms to be the main noise
disruption [12]. The ECG alarms, and excessive noise in
general was associated with poor wound healing in patients
[13], increased anxiety, stress, and increased pain perception
of pain [14]. Hospital noise can also lead to medical
communication errors [15], and can cause the development of
long-term physiological and psychological problems including
burnout [16].

Aside from adverse outcomes for patients and for nurses,
hospital noise can have direct financial implications for the
organization. The Consumer Assessments of Healthcare
Providers and Systems (CAHPS) scores include the care
environment as an important indicator of a patient’s hospital
experience [18]. As hospital noise is part of the care
environment CAHPS evaluates noise by asking patients a
question on the quietness of their rooms at night [17].
Responses to this question indicate that hospital noise has
consistently been the number one patient complaint across the
country, and is often the question with the lowest score [18].

V. EQUIPMENT MANAGEMENT

Interventions to manage hospital noises include a variety of
solutions that have essentially been technology-based [7].
Using high-quality sensors, replacing single-use sensors
frequently, and educating staff and patients on ways to
minimize signal loss in order to decrease false positives have
been suggested [7]. After an alarm management taskforce
switched to disposable leads, alarms were reduced by 42% per
bed per day overall [19]. Alarm manufacturers have suggested
adjusting bedside ergonomics to prevent cable dislodgement
and malfunction [7]. The Joint Commission Requirement also
requires that all hospitals regularly maintain and test alarm
systems to prevent equipment malfunction [20].

Setting alarms at varying decibels that align with the degree
of morbidity may help reduce alarm fatigue [8]. It has been
suggested that human illness does not exist in a binary fashion,
and cannot be adequately monitored that way causing a need
for new smart alarms that can differentiate pathological signs
over physiological variables [21]. These researchers suggest
that reducing false alarms without compromising sensitivity or
specificity may also be helpful; therefore, the use of a
multivariable fuzzy temporal profile model that can mitigate
cognitive overload thus increasing responses to alarms [21].
Others have suggested using silent alarms to directly notify a
specific nurse, or using an alarm grading hierarchy in which
only more critical alarms are sounded to help nurses better
prioritize alarm responses [22]. Additionally, non-critical
alarms can be translated into a message sent directly to a
nurse’s pager leading to fewer audible alarms, a quieter
hospital environment, and reduced alarm fatigue among nurses
[7].

Reducing inactionable alarms caused by motion artifact can
be helpful in reducing alarm fatigue [8]. Reports indicated that
more than 52% of alarms were the result of patient movement
[23]. It has been suggested that introducing a pre-alarm signal
delay of 5 to 10 seconds could reduce alarm load by 26% [24].
Increasing pre-alarm delay to 14 and 17 seconds may also
reduce non-actionable alarms by 50 and 57% respectively
[25].

Differentiating ECG alarms from other alarm sounds in
acute care settings is another strategy to reduce alarm fatigue
[9]. To comply with WHO’s recommendation, alarms must be
audible and should be tested in their existing environment for
audibility [12]. An ideal alarm sound should be easy to learn,
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easy to locate, and hard to be masked by other hospital noises
[1]. Proper alarm prioritization needs to be in place so that the
intensity of the alert reflects the condition and urgency of the
signal [1]. To ensure prompt recognition of the ECG alarm
sound and what it indicates the ECG alarm sound should also
be standardized to reduce noises that the nurse must learn to
recognize [26]. IEC 60601 is a technical standard for medical
equipment that has now been adopted as a regulatory
framework in the US, and it suggests standardization of alarms
for different physiological functions [27]. A relatively new
development in alarm technology is the intelligent alarm
system in which the alarm has the ability to make simple
decisions using the IF-THEN rules or fuzzy logic [21]. Once
triggered, the alarm device determines whether the event
detected requires an intervention [21].

All ECG monitors have default alarm thresholds suited for
the acute care environment, where small changes in patients’
status can be closely monitored [7]. The Joint Commission
indicated that default ECG parameters could increase the
number of false alarms [20]. It has been observed that ECG
alarm frequency can be reduced by 50% when the high heart-
rate parameter is increased from 120 to 130 beats per minute
[28]. Without causing harming, an 89% reduction in ECG
alarms was also observed when heart-rate parameters were
slightly widened [29]. Another suggestion is to adjust alarm
limits to match meaningful changes in patient status, and using
multi-parametric algorithms to identify true critical changes or
trends [7]. Individualizing ECG settings could mean for
example that heartrate parameter for patients with known
atrial fibrillation should be set at a level above 100 in order to
reduce the number of non-actionable alarms. In line with this
thinking, nurse-led customization of alarm parameters within
one hour of assuming care of a patient has been suggested
[30]. Others have reported that increasing the premature
ventricular contraction limit from 6 to 10 per minute did not
interfere with patient safety [8]. The ECG equipment default
setting consist of many duplicate alarms [8]. For instance, the
alarm sounds twice when the heart rate is low because the
high/low heart rate alarm and bradycardia alarm both go off.
Changing high/low heart rate alarm to a message level
warning, and keeping the bradycardia/tachycardia alarm at
warning level showed reduction in duplicate sounds [8].

VI. NURSE AND PATIENT EDUCATION

Whether RNs are generally proficient at adjusting ECG
alarms according to clinical importance is questionable.
Without a clear understanding of the features and limitations
of ECG equipment, they cannot adequately assess the cause of
alarms nor adjust them accordingly. Educating RNs on ECG
alarm function may help reduce inactionable alarms [31]. A
good understanding of how to review alarm data and trends
can also help RNs realize which alarms require immediate
attention [31]. Suggestions to improve RNs’ knowledge
include online education [32]. This is similar to the
suggestion by the American Association of Critical Care
Nurses that retraining RNs on individualizing alarm

parameters may help reduce inactionable alarms [8]. Other
sources of false alarms include patient movement and
intentional or unintentional removal of sensors. Educating
patients in plain and simple terms, and involving family
members in the process may improve cooperation with
continuous ECG monitoring thus reducing false alarms.
Helping patients to understand why they are being monitored,
what adverse outcomes require caution and when monitoring
can stop may not only decrease alarm frequency but also
improve patient satisfaction [33].

VII. OVERMONITORING

Over-monitoring is another factor that can contribute to
excessive alarms [34].  Although the American Heart
Association (AHA) has specific standards and indications for
ECG monitoring, many patients continue to receive
continuous telemetry without an indication [35]. Studies
found that eliminating inappropriate ECG monitoring could
save hospitals with at least 400 beds up to $250,000 per year
[35]. While ECG alarms are used to continuously monitor
patients’ cardiac status, the importance of regular assessments
remains invaluable. Studies have reported that hourly
rounding increases patient safety and satisfaction [36]. It also
decreases inactionable ECG alarms as well as the overall
workload, and hence decreases alarm fatigue for RNs [36]. No
monitor should replace regular assessments done during
hourly rounding [36], and healthcare workers should never
fully depend on electronic equipment.

VIII. INTERDISCPLINARY COLLABORATION

Alarm management is a dynamic process that requires
constant reevaluation and improvement. The Healthcare
Technology Foundation, an interdisciplinary task force formed
by The American College of Clinical Engineers believes that
improving the safe use of healthcare technology requires
collaborative efforts from diverse stakeholders in order to
design, use, and service technology, services and equipment
[37]. Many current strategies for alarm management are based
on studies done by interdisciplinary task forces at various
hospitals. The ECRI also underlined the importance of
involving RNs in developing alarm management strategies and
processes [38].

CONCLUSION

Alarm management is complex and practices may
vary across hospital environments. Although alarm fatigue has
been recognized as problematic for both RN’s and patients,
standardized recommendations on best practices have yet to be
put forth [7]. Development of a systematic, evidence-based
approach to safe, responsible alarm management is needed [7].
Additionally, ECG education for RN’s and patients could be
beneficial in reducing alarm fatigue thus enhancing patient
care as well as health outcomes.
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