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Mechanical ventilation alarms and alerts, both audible and visual, provide the clinician with vital
information about the patient’s physiologic condition and the status of the machine’s function. Not
all alarms generated by the mechanical ventilator provide actionable information. Over time,
clinicians can become desensitized to audible alarms due to alarm fatigue and may potentially
ignore an actionable situation that results in patient harm. Alarm fatigue has been recognized by
multiple agencies as a major patient-safety issue. To date, mechanical ventilator alarm settings do
not have standardized nomenclature. The aim of this review was to examine and report on the
literature that pertains to mechanical ventilation alarms and alarm fatigue and to propose recom-
mendations for future research that may lead to safer mechanical ventilation alarm practices. Key
words: mechanical ventilation; ventilator alarm; patient safety; alarm fatigue; alarms. [Respir Care
2019;64(10):1308–1313. © 2019 Daedalus Enterprises]

Introduction

Mechanical ventilation alarms, including both invasive
and noninvasive mechanical ventilation, provide both au-

dible alarms and non-audible visual alerts designed to en-
sure safe mechanical ventilatory support by notifying the
clinician of changes in a patient’s status. Clinicians can set
parameters that warn of device malfunction or changes in
a patient’s condition.1 Not all audible alarms generated by
the mechanical ventilator require an action from the clini-
cian, and such alarms may be silenced or ignored. The true
value of mechanical ventilation alarms may be lost in the
sheer quantity of competing alarms commonly found in
today’s ICU environment, such as intravenous pump
alarms, feeding system alarms, and physiologic monitor
alarms. It has been reported that there are � 150 alarms
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per patient, per day in an ICU, and many of these alarms
(85–99%) do not require clinical intervention.2 Beyond
alarms from other devices, mechanical ventilators them-
selves have a plethora of alarm features and alarms sounds,
some of which vary by priority, and all of these alarms can
contribute to alarm fatigue.

A 2014 report produced by the Association for the Ad-
vancement of Medical Instrumentation identified chal-
lenges regarding mechanical ventilation alarm.3 Notably,
some alarm systems do not properly distinguish life-
threatening (ie, actionable) alarms from nuisance (ie, non-
actionable) alarms. The report also noted that alarm pa-
rameters can be easily set incorrectly, alarm signal delays
may be inadequate, and the communication of alarms to
clinicians may be problematic.3

The challenge in determining proper alarm settings for
accurately monitoring the patient’s condition is not a new
phenomenon.2,3 It is not clear why this topic has received
so little attention, although it could be due to the tremen-
dous variability in technology, patient and practitioner fac-
tors, and environment of care (eg, ICU, long-term acute
care, skilled-nursing facility, transport, home). The issues
with setting alarms incorrectly can also result in alarms
that fail to activate. Kun et al4 identified that low-inspira-
tory pressure alarms of home mechanical ventilators were
insufficient to identify major actionable issues, such as
decannulation with smaller tracheostomy tubes. Sterni et al5

recommend physiologic monitoring of pediatric patients
requiring chronic home ventilation, citing small studies
that suggest these alarms may not function correctly. Al-
though there is no doubt that mechanical ventilation alarms
are important, there is a clear need for improvement.

Alarm fatigue is a phenomenon that occurs as clinicians
become desensitized to audible alarms due to their large
numbers and omnipresence in the ICU. Several studies
have reported on the burden of audible physiologic alarms,
many of which are nonactionable.6-11This overexposure to
nonactionable alarms results in decreased alertness and
lower confidence in the accuracy and urgency of audible
alarms.12 Alarm fatigue has been recognized as a patient
safety issue by organizations such as The Joint Commis-
sion, the ECRI Institute, and The Healthcare Technology
Foundation. In 2014, The Joint Commission included alarm
safety as a National Patient Safety Goal.2,13 Although sev-
eral years have passed since the addition of this National
Patient Safety Goal, the ECRI Institute named improperly
set ventilator alarms as the #4 health hazard of the 2019
Top 10 Health Technology Hazards list.14

The purpose of this review was to examine and report
on the literature that pertains to mechanical ventilation
alarms and alarm fatigue. In addition, recommendations
for future research that may lead to safer mechanical ven-
tilation alarms practices have been made.

Search Strategy

We followed the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) statement for
this review. A literature review was performed via PubMed
and Scopus databases to identify English-language studies
related to our stated purpose. A manual search was per-
formed on the bibliographic references of the selected ar-
ticles to identify other relevant publications. The searches
were last updated on February 27, 2019. All authors par-
ticipated in evaluation of literature. The flow chart of the
search is represented in Figure 1, and the full search strat-
egy is available in Appendix 1 (see the supplementary
materials at http://www.rcjournal.com).

Why Is This a Problem?

As the proliferation of technology in health care settings
continues, so does the number of alarms related to these
devices. Audible mechanical ventilator alarms such as high
breathing frequency or high peak pressures can occur with
relative frequency and short duration for patients who are
more awake and mobile in the critical care setting. Staff
exposure to large numbers of mechanical ventilator alarms,
which may self-correct and are nonactionable, may result
in a longer response time the next time the ventilator alarm
sounds.15

Few studies have been published that measure both the
quantity and categorization of ventilator alarms in relation
to physiologic alarms. In 1999, Chambrin et al7 evaluated
the number of types of alarms triggered per hour in 5 dif-
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Fig. 1. Flow chart.
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ferent ICUs (2 ICUs were located in university hospitals,
and 3 were classified as general hospitals). The investiga-
tors reported that 37.8% of all alarms were generated by
mechanical ventilators. A 2009 study that spanned 4 months
and recorded 34,827 alarms noted that 42.2% of alarms in
a cardiac ICU were attributable to mechanical ventila-
tion.16 Lawless6 identified that 31% of all alarms in a
pediatric ICU during a 7-d observation originated with the
mechanical ventilator. Joshi et al17 studied the responsive-
ness of nurses to physiologic alarms in the neonatal ICU
and identified that mechanical ventilator alarms comprised
11.7% of the 6,000 alarms recorded on video over 2,400 h.

Drew et al11 measured audible physiologic alarms from
77 ICU beds over a 31-d period. They noted an average of
187 alarms per bed, per day. While they did not specifi-
cally measure mechanical ventilation alarms, they did note
the frequency of breathing frequency and apnea alarms
measured on physiologic monitors. Over that 31-d period,
there was a total of 161,931 apnea or breathing frequency
alarms, with an average of 79 alarms per bed, per day.
Apnea alarms occurred on the physiologic monitors gen-
erated from ECG leads while the patient was known to be
receiving mechanical ventilation.11

An even smaller number of studies have isolated the
number and types of alarms in acute care settings specific
to ventilators. A 2018 study by Cvach et al18 focused
solely on describing the incidence of ventilator alarms in
ICUs at their facility. The researchers collected ventilator
alarm data in 3 different ICUs over an 18-d period. The
ventilators studied in these 3 ICUs produced 10,905 alarms
in � 1,555 ventilator hours, for approximately 7 alarms
per ventilator hour. The most common alarms identified in
this study included increased peak inspiratory pressure
(34.3%), increased breathing frequency (17.8%), and low
expired mandatory tidal volume (12.9%). In a case report
regarding mechanical ventilation alarm middleware tech-
nology, Dills19 estimated the number of ventilator alarms
in a single, long-term acute care facility. They reportedly
managed 100 mechanical ventilation patients per day, re-
sulting in approximately 19,000 ventilator alarms per day
(ie, approximately 190 per patient, per day).

Ventilator alarms are often considered among the high-
est-risk alarms in health care facility policies. Both mor-
bidity and mortality related to ventilator alarm manage-
ment have been reported by the FDA in their Manufacturer
and User Facility Device Experience (MAUDE) data-
base.20,21 A 2016 analysis of ventilator events reported to
the FDA in the MAUDE database indicated that alarm
interpretation and response was one of 3 major categories
of reported events.21 Although 90% of the events reported
in the MAUDE database did not result in harm, the risk of
one missed ventilator circuit occlusion or disconnect could
result in permanent harm or death for patients. In the home
setting, the guideline by Sterni et al5 specifically recog-

nizes caregiver burden secondary to false alarms—poten-
tially, alarm fatigue—as a lesser issue than ensuring pa-
tient safety.

Variation in mechanical ventilation devices, terminol-
ogy, modes, and features complicates the management of
alarm response. In a single clinical setting, providers,
nurses, and respiratory therapists may interact with venti-
lators of various ages, types, and manufacturers, and each
may use different terminology for visual alerts and sounds
for audible alarms. The use of noninvasive mechanical
ventilation devices and modes present their own unique
challenges. A noninvasive mechanical ventilator’s low-
pressure alarm may be of equal priority to that of an in-
vasive mechanical ventilator, but the device may not have
the same tone or audibility as the device delivering inva-
sive therapy. In addition, the devices may interface differ-
ently with secondary alarm-notification devices or central
monitoring systems. Variations in clinician discipline and
experience with mechanical ventilation may also be a con-
tributing factor in the ability to interpret and manage
alarms.22 Development of a standard method for the as-
sessment, troubleshooting, and response to ventilator
alarms may be confounded by this lack of standardization.

Issues With Setting Alarm Limits

Mechanical ventilator technology has advanced, intro-
ducing new setting options associated with added visual
alerts and audible alarms. Mechanical ventilators can mon-
itor for changes in airway pressure, volume, and breathing
frequency. Many variables affect these monitored param-
eters, such as changes in patient lung mechanics, patient–
ventilator synchrony, and level of sedation or analgesia.
Alarms generated by these parameters may require an au-
dible alarm and immediate intervention, such as a venti-
lator circuit disconnect alarm. On the other hand, many
alarms may not require immediate clinical intervention,
such as high breathing frequency or high pressure, and
these conditions may self-correct. For these types of alarms,
an alert message and trending over time may be sufficient
for monitoring purposes rather than an audible alarm. Cli-
nicians may have difficulty making decisions about how to
place delays for alarms, widen parameter settings, or dis-
able parameters due to a lack of evidence-based best prac-
tices specific to for mechanical ventilator alarms.

Given the potential variables that may affect the strat-
egy for supporting a patient on mechanical ventilation, the
most appropriate way to set and manage mechanical ven-
tilation alarms is still unknown. To our knowledge, there
are no accepted standards regarding mechanical ventila-
tion alarm parameters, monitoring frequency, and response
expectations. It is logical to expect that both invasive and
noninvasive ventilator alarms should be appropriately
adapted to the needs of the patient.23,24 As previously stated,
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The Joint Commission has included alarm safety as a Na-
tional Patient Safety Goal.2 Although organizations have
heightened their level of concern surrounding mechanical
ventilation alarm management, standards and guidelines
are needed to achieve safe and effective practices regard-
ing mechanical ventilation alarms. The interface between
clinical disciplines such as nursing, respiratory care, and
pulmonary critical care in setting therapeutic goals and
responding to mechanical ventilator alarms should also be
examined.

Issues With Audible Alarms

Mechanical ventilators, similar to other medical equip-
ment and monitors, are furnished with audible and visual
alert features. When both the audible and visual options
are available, these alerts often occur together: a specific
tone will sound while a flashing light will initiate on the
machine. Depending on the level of the alert (ie, high,
medium, or low priority), the mechanical ventilator may
emit varying tones. The intent of the audible tones is to
provide the clinician with an indicator that draws their
attention to the flashing lights and the patient’s condition.
While the addition of an audible alert can be an effective
way to alert the clinician to a change in status or adverse
patient reaction, audible alerts have been identified as ma-
jor sources of noise in the ICU.25 Frequent noise from
these audible alerts may contribute to the issue of overall
alarm fatigue.

Negative Impact of Noise

The purpose of the audible alert is to draw attention
to the machine and its message for the clinician. However,
the noise level created by the alert can be excessive. Sound
intensity is measured in decibels. Both the World Health
Organization (http://www.who.int/mediacenter/news/releases/
2015/ear-care/en/, Accessed January 3, 2019) and the Oc-
cupational Safety and Health Administration (https://
www.osha.gov/pls/oshaweb/owadisp.show_document?p_
table�STANDARDS&p_id�9735, Accessed January 3,
2019) recommend limited indoor exposure to occupational
noise of 85–90 dBA to a maximum of 8 h/d. The World
Health Organization estimates that 16% of disabling hear-
ing loss in adults can be due to occupational noise expo-
sure.26 In a review of literature, Cvach27 noted that studies
revealed that the alarms of most medical intervention
equipment exceeds 70 dBA. Tegnestedt et al28 recorded
ventilator alarm sounds at 82 dBA and 83 dBA. Although
health care clinicians are not exposed to continuous alarms
at � 70 dBA for the entirety of the work shift, studies
indicate that mechanical ventilation alarms can be as fre-
quent as 9 alarms/bed/h,19 and physiologic alarms can be
as frequent as 7.8 alarms/bed/h.11 Extended exposure to

this noise level can put additional stress on clinicians and
contribute to feelings of fatigue, lack of concentration, and
tension headaches. In addition, the consistent and loud
noise levels can disrupt patient sleep.9,27-29 In their study
of alarms in a neonatal ICU, Belteki and Morley30 noted
that the infants were subjected to an average of 10 audible
alarms/h/infant. Although most alarms recorded lasted
� 1 min, the study noted that some infants were subjected
to audible alarms for 10% of the day, which may nega-
tively affect recovery and neurodevelopment.30,31 In addi-
tion, this contributes to feelings of fear and anxiety in
patients and visitors.27

Factors Contributing to Alarm Fatigue

As noted previously, alarm fatigue is a phenomenon that
occurs as clinicians become desensitized to alarms due to
their frequency and variety, resulting in decreased alert-
ness and lower confidence in the accuracy and urgency of
alarms. The primary factor contributing to alarm fatigue is
the frequency of alarms generated in a patient care unit.
Several studies have demonstrated that the audible alarm
burden is substantial and concerning.7,8,11,19 Researchers
have identified that the false-alarm– or provider-induced
burden can be as high as 95%.8 The audible burden can
lead to a decreased alertness of health care professionals
and alarm fatigue.

Over time, health care professionals who are exposed to
significant volume and frequency of alarms may subcon-
sciously ignore the sounds. Prior research has discovered
that people rapidly learn to ignore frequent noises.15 There-
fore, frequent alarms, both actionable and nonactionable,
contribute to the large number of alarms generated and
may eventually be ignored. Some facilities may also in-
stitute a secondary alarm notification to ensure that alarms
are not missed.32-34 Although well intended, this doubles
the number of alerts generated for a single patient event,
adding to the audible alert burden and perhaps hastening
the learned behavior and alarm fatigue.

Another factor that can lead to alarm fatigue is the ac-
tual sound produced by the machines. Because there is no
standardization in alarm tones for various alerts,32 manu-
facturers may not audibly differentiate between high alerts
and low alerts. Drew et al11 reported that 88.8% of ar-
rhythmia alarms were false positives; however, the tone of
the nonactionable alarm on that particular monitor was the
same as an actionable alarm. Therefore, an increased num-
ber of nonactionable alerts increases the audible exposure
to health care professionals, which decreases the likeli-
hood the actionable alert is recognized and addressed in a
timely manner.
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Recommendations for Future Research

This review illustrates the paucity of published research
that pertains to mechanical ventilation alarms. As stated
earlier, several variables may impact the lack of literature,
including the lack of standardization and sensitivity of
both acute care and long-term mechanical ventilator alarms.
To assure evidence-based practices pertaining to mechan-
ical ventilation alarm practices, it is imperative that re-
search be done to inform those practices.

Recommendations:

1. Identify ways for mechanical ventilation alarms sys-
tems to notify clinicians if an immediate response is
necessary.

2. Identify alarm parameters that offer the safest level of
monitoring while simultaneously reducing nuisance
alarms that may contribute to alarm fatigue.

3. Identify efficient and effective ways of alerting clini-
cians to actionable alarms when they are not at the
patient’s bedside.

4. Identify gaps in knowledge and competencies needed for
practitioners, professional caregivers, or family members
responsible for responding to mechanical ventilation
alarms.

5. Assess variation in noninvasive and invasive mechan-
ical ventilators and develop strategies for clinicians to
identify critical alarms that may be unique to that de-
vice or mode.

With information provided by studies addressing the areas of
research listed above, clinicians can make evidence-based
decisions regarding appropriate ventilator alarm settings and
alerts appropriate for the patient’s condition while minimiz-
ing the risk of alarm fatigue and negative patient outcomes.
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