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Alarm fatigue is a patient safety hazard in hospitals1 
that occurs when exposure to high rates of alarms 
leads clinicians to ignore or delay their responses to 
the alarms.2,3 To date, most studies of physiologic 

monitor alarms in hospitalized children have used data from 
single institutions and often only a few units within each institu-
tion.4 These limited studies have found that alarms in pediatric 
units are rarely actionable.2 They have also shown that physi-
ologic monitor alarms occur frequently in children’s hospitals 
and that alarm rates can vary widely within a single institution,5 
but the extent of variation between children’s hospitals is un-
known. In this study, we aimed to describe and compare phys-
iologic monitor alarm characteristics and the proportion of pa-
tients monitored in the inpatient units of 5 children’s hospitals. 

METHODS
We performed a cross-sectional study using a point-preva-
lence design of physiologic monitor alarms and monitoring 
during a 24-hour period at 5 large, freestanding tertiary-care 

children’s hospitals. At the time of the study, each hospital had 
an alarm management committee in place and was working 
to address alarm fatigue. Each hospital’s institutional review 
board reviewed and approved the study. 

We collected 24 consecutive hours of data from the inpa-
tient units of each hospital between March 24, 2015, and May 
1, 2015. Each hospital selected the data collection date within 
that window based on the availability of staff to perform data 
collection.6 We excluded emergency departments, procedur-
al areas, and inpatient psychiatry and rehabilitation units. By 
using existing central alarm-collection software that interfaced 
with bedside physiologic monitors, we collected data on au-
dible alarms generated for apnea, arrhythmia, low and high 
oxygen saturation, heart rate, respiratory rate, blood pressure, 
and exhaled carbon dioxide. Bedside alarm systems and alarm 
collection software differed between centers; therefore, alarm 
types that were not consistently collected at every institution 
(eg, alarms for electrode and device malfunction, ventilators, 
intracranial and central venous pressure monitors, and tem-
peratures probes) were excluded. To estimate alarm rates and 
to account for fluctuations in hospital census throughout the 
day,7 we collected census (to calculate the number of alarms 
per patient day) and the number of monitored patients (to 
calculate the number of alarms per monitored-patient day, in-
cluding only monitored patients in the denominator) on each 
unit at 3 time points, 8 hours apart. Patients were considered 
continuously monitored if they had presence of a waveform 
and data for pulse oximetry, respiratory rate, and/or heart rate 
at the time of data collection. We then determined the rate of 
alarms by unit type – medical-surgical unit (MSU), neonatal in-

*Address for correspondence: Amanda C. Schondelmeyer, MD, MSc, Cincin-
nati Children’s Hospital Medical Centre, 3333 Burnet Ave ML 9016, Cincinnati, 
OH 45229; Telephone: 513-803-9158; Fax: 513-803-9244; E-mail: amanda.
schondelmeyer@cchmc.org

Additional Supporting Information may be found in the online version  
of this article.

Received: August 3, 2017; Revised: October 6, 2017;  
Accepted: October 19, 2017

© 2018 Society of Hospital Medicine DOI 10.12788/jhm.2918

Alarm fatigue has been linked to patient morbidity and 
mortality in hospitals due to delayed or absent responses 
to monitor alarms. We sought to describe alarm rates at 5 
freestanding children’s hospitals during a single day and the 
types of alarms and proportions of patients monitored by 
using a point-prevalence, cross-sectional study design. We 
collected audible alarms on all inpatient units and calculated 
overall alarm rates and rates by alarm type per monitored 
patient per day. We found a total of 147,213 alarms during 

the study period, with 3-fold variation in alarm rates across 
hospitals among similar unit types. Across hospitals, one-
quarter of monitored beds were responsible for 71%, 61%, 
and 63% of alarms in medical-surgical, neonatal intensive care, 
and pediatric intensive care units, respectively. Future work 
focused on addressing nonactionable alarms in patients with 
the highest alarm counts may decrease alarm rates. Journal 
of Hospital Medicine 2018;13:396-398. Published online first 
April 25, 2018. © 2018 Society of Hospital Medicine
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tensive care unit (NICU), or pediatric intensive care unit (PICU) 
– and the alarm types. Based on prior literature demonstrating 
up to 95% of alarms contributed by a minority of patients on a 
single unit,8 we also calculated the percentage of alarms con-
tributed by beds in the highest quartile of alarms. We also as-
sessed the percentage of patients monitored by unit type. The 
Supplementary Appendix shows the alarm parameter thresh-
olds in use at the time of the study.

RESULTS
A total of 147,213 eligible clinical alarms occurred during the 
24-hour data collection periods in the 5 hospitals. Alarm rates 
differed across the 5 hospitals, with the highest alarm hos-
pitals having up to 3-fold higher alarm rates than the lowest 
alarm hospitals (Table 1). Rates also varied by unit type within 
and across hospitals (Table 1). The highest alarm rates overall 
during the study occurred in the NICUs, with a range of 115 
to 351 alarms per monitored patient per day, followed by the 
PICUs (range 54-310) and MSUs (range 42-155).

While patient monitoring in the NICUs and PICUs was nearly 
universal (97%-100%) at institutions during the study period, a 
range of 26% to 48% of beds were continuously monitored in 
MSUs. Of the 12 alarm parameters assessed, low oxygen sat-
uration had the highest percentage of total alarms in both the 
MSUs and NICUs for all hospitals, whereas the alarm parameter 
with the highest percentage of total alarms in the PICUs varied 
by hospital. The most common alarm types in 2 of the 5 PICUs 
were high blood pressure alarms and low pulse oximetry, but 
otherwise, this varied across the remainder of the units (Table 2). 

Averaged across study hospitals, one-quarter of the moni-
tored beds were responsible for 71% of alarms in MSUs, 61% 
of alarms in NICUs, and 63% of alarms in PICUs.

DISCUSSION
Physiologic monitor alarm rates and the proportion of patients 
monitored varied widely between unit types and among the 
tertiary-care children’s hospitals in our study. We found that 
among MSUs, the hospital with the lowest proportion of beds 
monitored had the highest alarm rate, with over triple the rate 
seen at the hospital with the lowest alarm rate. Regardless of 
unit type, a small subgroup of patients at each hospital con-
tributed a disproportionate share of alarms. These findings are 
concerning because of the patient morbidity and mortality as-
sociated with alarm fatigue1 and the studies suggesting that 
higher alarm rates may lead to delays in response to potential-
ly critical alarms.2

We previously described alarm rates at a single children’s hos-
pital and found that alarm rates were high both in and outside 
of the ICU areas.5 This study supports those findings and goes 
further to show that alarm rates on some MSUs approached 
rates seen in the ICU areas at other centers.4 However, our re-
sults should be considered in the context of several limitations. 
First, the 5 study hospitals utilized different bedside monitors, 
equipment, and software to collect alarm data. It is possible that 
this impacted how alarms were counted, though there were no 
technical specifications to suggest that results should have been 
biased in a specific way. Second, our data did not reflect alarm 
validity (ie, whether an alarm accurately reflected the physio-
logic state of the patient) or factors outside of the number of 

TABLE 1. Median Alarm Rate Per Patient Day and Per 
Monitored-Patient Day and Percentage of Patients 
Monitored by Hospital and Unit Type

Hospital

A B C D E

MSU Percentage Monitored 32% 48% 38% 40% 26%

Alarms per patient day 15 20 34 45 40

Alarms per monitored-patient day 42 50 78 104 155

NICU Percentage Monitored 100% 97% 100% 100% 100%

Alarms per patient day 133 135 153 115 351

Alarms per monitored-patient day 133 140 153 115 351

PICU Percentage Monitored 100% 100% 100% 100% 100%

Alarms per patient day 104 54 235 112 310

Alarms per monitored-patient day 104 54 235 112 310

NOTE: Abbreviations: MSU, medical-surgical unit; NICU, neonatal intensive care unit; PICU,  
pediatric intensive care unit.

TABLE 2. Top 3 Alarm Parameters with the Highest 
Percentage of Total Alarms by Hospital and Unit

Hospital MSU NICU PICU

A SPO2 low (41%) SPO2 low (61%) BP high (25%)

HR low (35%) SPO2 high (19%) BP low (21%)

HR high (21%) HR low (11%) SPO2 low (15%)

B SPO2 low (44%) SPO2 low (30%) SPO2 low (31%)

HR high (16%) SPO2 high (25%) RR low (20%)

RR high (11%) RR low (15%) HR high (15%)

C SPO2 low (36%) SPO2 low (45%) BP high (24%)

RR high (21%) HR low (36%) SPO2 low (20%)

RR low (14%) HR high (10%) BP low (17%)

D SPO2 low (24%) SPO2 low (44%) Arrhythmia (31%)

HR high (19%) HR low (14%) SPO2 low (18%)

RR high (17%) RR low (14%) HR high (13%)

E SPO2 low (38%) SPO2 low (48%) SPO2 low (26%)

RR high (15%) RR high (28%) Arrhythmia (20%)

HR high (15%) RR low (9%) HR high (15%)

NOTE: Abbreviations: HR, heart rate; MSU, medical-surgical unit; NICU, neonatal intensive 
care unit; PICU, pediatric intensive care unit; RR, respiratory rate; SPO2, oxygen saturation.
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patients monitored – such as practices around ICU admission 
and transfer as well as monitor practices such as lead changes, 
the type of leads employed, and the degree to which alarm pa-
rameter thresholds could be customized, which may have also 
affected alarm rates. Finally, we excluded alarm types that were 
not consistently collected at all hospitals. We were also unable 
to capture alarms from other alarm-generating devices, includ-
ing ventilators and infusion pumps, which have also been identi-
fied as sources of alarm-related safety issues in hospitals.9-11 This 
suggests that the alarm rates reported here underestimate the 
total number of audible alarms experienced by staff and by hos-
pitalized patients and families. 

While our data collection was limited in scope, the striking 
differences in alarm rates between hospitals and between sim-
ilar units in the same hospitals suggest that unit- and hospi-
tal-level factors—including default alarm parameter threshold 
settings, types of monitors used, and monitoring practices 
such as the degree to which alarm parameters are customized 
to the patient’s physiologic state—likely contribute to the vari-
ability. It is also important to note that while there were clear 
outlier hospitals, no single hospital had the lowest alarm rate 
across all unit types. And while we found that a small number 
of patients contributed disproportionately to alarms, moni-
toring fewer patients overall was not consistently associated 
with lower alarm rates. While it is difficult to draw conclusions 
based on a limited study, these findings suggest that solutions 
to meaningfully lower alarm rates may be multifaceted. Stan-
dardization of care in multiple areas of medicine has shown 
the potential to decrease unnecessary utilization of testing 
and therapies while maintaining good patient outcomes.12-15 
Our findings suggest that the concept of positive deviance,16 
by which some organizations produce better outcomes than 
others despite similar limitations, may help identify successful 
alarm reduction strategies for further testing. Larger quanti-
tative studies of alarm rates and ethnographic or qualitative 
studies of monitoring practices may reveal practices and pol-
icies that are associated with lower alarm rates with similar or 
improved monitoring outcomes.

CONCLUSION
We found wide variability in physiologic monitor alarm rates 
and the proportion of patients monitored across 5 children’s 
hospitals. Because alarm fatigue remains a pressing patient 
safety concern, further study of the features of high-perform-
ing (low-alarm) hospital systems may help identify barriers and 
facilitators of safe, effective monitoring and develop targeted 
interventions to reduce alarms.
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