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clinical alarm

management initiatives

Halley Ruppel,’ Christopher P Bonafide?

For decades, those working in hospitals
normalised the incessant alarms from
medical devices as a necessary, almost
comforting, reality of a high tech industry.
While nurses drowned in excessive,
frequently uninformative alarms, other
members of the healthcare team often
paid little attention. Fortunately, times are
changing and managing alarm fatigue is
now a key patient safety priority in acute
care environments.

Adverse patient events from alarm
fatigue, particularly related to exces-
sive physiological monitor alarms, have
received widespread attention over the
last decade, including from the news
media.”™ In the USA, hospitals redou-
bled alarm safety efforts following the
2013 Joint Commission Sentinel Event
Alert and subsequent National Patient
Safety Goals on alarm safety.' *¢ We are
now beginning to understand how to
reduce excessive non-actionable alarms
(including invalid alarms as well as those
that are valid but not actionable or infor-
mative),” ® better manage alarm notifi-
cations and ultimately improve patient
safety. Alarm data are readily available
and measuring alarm response time
during patient care is possible.”’ Yet we
have few high-quality reports describing
clear improvement to clinical alarm
burden, and most published interven-
tions are of limited scope, duration or
both." "' To demonstrate value in alarm
quality improvement (QI) efforts moving
forward, we need more rigorous evidence
for interventions and more meaningful
outcome measures.

In this issue of BM] Quality and Safety,
Pater et al'? report the results of a compre-
hensive multidisciplinary alarm manage-
ment QI project executed over 3'2 years
in a 17-bed paediatric acute care cardi-
ology unit. The primary project goal was

to reduce alarm notifications from contin-
uous bedside monitoring. Although limited
to a single unit, the project is an important
contribution to the scant literature on alarm
management in paediatric settings for three
reasons. First, the initiative lasted longer
than most that have been reported, which
allowed for tailoring of alarm interven-
tions to the needs of the unit and patient
population and measuring the impacts and
sustainability over time. Second, the scope
of the intervention bundle encompassed
a wide variety of changes including adop-
tion of a smartphone notification system;
addition of time delays between when
alarm thresholds are violated and when
an alarm notification is issued; implemen-
tation of an alarm notification escalation
algorithm after a certain amount of time in
alarm threshold violation; deactivation of
numerous technical alarms (such as respira-
tory lead detachment); monitoring of elec-
trode lead replacement every 24 hours; and
discussion of alarm parameters on daily
rounds. Third, the authors introduced a
novel strategy for reducing the stress that
alarms may cause patients and families by
deactivating inroom alarm audio, although
no outcomes were reported attribut-
able directly to this component of the
intervention.

This project constitutes an important
contribution to the published literature;
however, Pater ef al faced two challenges
that are ubiquitous in the field of clinical
alarm management: (1) Identification of
meaningful outcome measures and (2)
Lack of high-quality evidence for most
interventions. With regards to the first
challenge, the primary outcome measure
used in the study comprised ‘initial alarm
notifications’, defined as the first notifica-
tion of a monitor alarm delivered to the
nurse’s mobile device. Although initial
alarm notifications declined by 68%
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following the intervention, these notifications accounted
for only about half of all alarm notifications. The other
half included second and third notifications for alarms
exceeding specified delay thresholds, which were sent
both to the mobile device of the primary nurse and to
‘buddy’ nurses, potentially increasing alarm burden. On
the other hand, eliminating inroom audible alarms may
have reduced the perceived alarm burden for nurses
compared with having both bedside and mobile device
notifications. Determining the true benefit of a reduc-
tion in a subset of alarms presents complex challenges.

Alarm frequency is the most commonly used outcome
measure in alarm research and QI projects, but reduc-
tion in alarms does not necessarily indicate improved
patient safety or a highly functional alarm management
system. Alarm reduction could easily be achieved in an
undesirable way by simply turning off alarms. Unfortu-
nately, most studies have not been powered to statisti-
cally evaluate improvements in patient safety. (Pater et
al did monitor patient safety balancing measures, which
remained stable after intervention implementation). To
assess change in nurses’ perceptions of alarm frequency,
Pater et al conducted a prepost survey, which despite
the small sample size (n=38 preintervention and n=25
postintervention) managed to show improvement, with
the percentage of nurses agreeing they could respond to
alarms appropriately and quickly increasing from 32%
to 76% (p<0.001). That said, this survey was not a vali-
dated measure of alarm fatigue. In fact, we currently
have no widely accepted, validated tool for assessing
alarm fatigue."!

As we look towards future evaluations of alarm
management strategies, the focus needs to shift away
from simply reducing the frequency of alarms to more
meaningful outcome metrics. In addition to alarm
rates, outcomes such as response time to actual patient
alarms’” or to simulated alarms injected into real patient
care environments'’ may be better indicators of whether
the entire alarm response system is functioning correctly.
Larger, multisite studies are needed to assess patient
outcomes.

In addition to meaningful outcome measures, the
second challenge for alarm QI projects is the lack of
good evidence for alarm management interventions.
Most alarm reduction interventions have not been
systematically evaluated at all or only in small studies
without a control group.'®!" As a result, alarm manage-
ment projects tend to involve complex and costly
bundles of interventions of uncertain benefit. The cost
of these interventions is due in part to the growing
industry of technology solutions for alarm management.
Some institutions have also made massive investments
in personnel, such as monitor ‘watchers’ to help nurses
identify actionable alarms, for which there is also little
evidence."

Future alarm management QI initiatives will benefit
from a higher quality evidence base for the growing list
of potential alarm management interventions. Pragmatic

trials that leverage meaningful outcome measures to
assess alarm interventions are warranted. In addition,
we need to evaluate interventions that address the
full spectrum of the alarm management system. Most
alarm management interventions to date have focused
primarily on filtering out non-actionable alarms. Far less
emphasis has been placed on ensuring that the nurse
receiving the notification is available to respond to the
alarm, a prime opportunity for future work.

Even if alarms are actionable, we know that nurses may
not always respond quickly for a variety of reasons.” >~
Factors like insufficient staffing, high severity of illness
on the unit and unbalanced nursing skill mix all likely
contribute to inadequate alarm response. In critical
care, nurses have reported that the nature of their
work requires that they function as a team to respond
to one another’s alarms."” Although not ideal, nurses
have developed heuristics based on factors like family
presence at the bedside to help them prioritise alarm
response in hectic work environments.” ' Empha-
sising outcomes like faster alarm response time without
addressing systems factors risks trading one patient safety
problem for another. We do not want to engender more
frequent interruptions of high-risk activities, like medi-
cation administration,'® * because nurses feel compelled
to respond more quickly to alarms.

The robust QI initiative carried out by Pater et al
reflects the type of thoughtful approach needed to imple-
ment and tailor alarm management interventions for a
particular unit, demonstrating a generalisable process
for others to emulate. Ultimately, every alarm offers a
potential benefit (opportunity to rescue a patient) and
comes with a potential cost (eg, increased alarm fatigue,
interruptions of other activities). This trade-off needs
to be optimised in the context of the individual unit,
accounting for the unit-specific and systems factors that
influence the cost of each additional alarm, including
non-actionable alarm rates, unit layout, severity of
illness and nurse staffing.'” *° With more robust outcome
measures and more evidence to support interventions,
we can increase the value of alarm QI initiatives and
accelerate progress towards optimising alarm manage-
ment systems.
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