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BACKGROUND: Alarm fatigue is reported to be a major
threat to patient safety, yet little empirical data support its
existence in the hospital.

OBJECTIVE: To determine if nurses exposed to high rates
of nonactionable physiologic monitor alarms respond more
slowly to subsequent alarms that could represent life-
threatening conditions.

DESIGN: Observational study using video.

SETTING: Freestanding children’s hospital.

PATIENTS: Pediatric intensive care unit (PICU) patients
requiring inotropic support and/or mechanical ventilation,
and medical ward patients.

INTERVENTION: None.

MEASUREMENTS: Actionable alarms were defined as cor-
rectly identifying physiologic status and warranting clinical
intervention or consultation. We measured response time to
alarms occurring while there were no clinicians in the
patient’s room. We evaluated the association between the

number of nonactionable alarms the patient had in the pre-
ceding 120 minutes (categorized as 0–29, 30–79, or 801

alarms) and response time to subsequent alarms in the
same patient using a log-rank test that accounts for within-
nurse clustering.

RESULTS: We observed 36 nurses for 210 hours with 5070
alarms; 87.1% of PICU and 99.0% of ward clinical alarms
were nonactionable. Kaplan-Meier plots showed incremen-
tal increases in response time as the number of nonaction-
able alarms in the preceding 120 minutes increased (log-
rank test stratified by nurse P< 0.001 in PICU, P 5 0.009 in
the ward).

CONCLUSIONS: Most alarms were nonactionable, and
response time increased as nonactionable alarm exposure
increased. Alarm fatigue could explain these findings.
Future studies should evaluate the simultaneous influence
of workload and other factors that can impact response
time. Journal of Hospital Medicine 2015;10:345–351.
VC 2015 Society of Hospital Medicine

Hospital physiologic monitors can alert clinicians to
early signs of physiologic deterioration, and thus have
great potential to save lives. However, monitors gen-
erate frequent alarms,1–8 and most are not relevant to
the patient’s safety (over 90% of pediatric intensive
care unit (PICU)1,2 and over 70% of adult intensive
care alarms).5,6 In psychology experiments, humans
rapidly learn to ignore or respond more slowly to
alarms when exposed to high false-alarm rates, exhib-
iting “alarm fatigue.”9,10 In 2013, The Joint Commis-

sion named alarm fatigue the most common
contributing factor to alarm-related sentinel events in
hospitals.11,12

Although alarm fatigue has been implicated as a
major threat to patient safety, little empirical data
support its existence in hospitals. In this study, we
aimed to determine if there was an association
between nurses’ recent exposure to nonactionable
physiologic monitor alarms and their response time to
future alarms for the same patients. This exploratory
work was designed to inform future research in this
area, acknowledging that the sample size would be
too small for multivariable modeling.

METHODS
Study Definitions

The alarm classification scheme is shown in Figure 1.
Note that, for clarity, we have intentionally avoided
using the terms “true” and “false” alarms because
their interpretations vary across studies and can be
misleading.
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Potentially Critical Alarm
A potentially critical alarm is any alarm for a clinical
condition for which a timely response is important to
determine if the alarm requires intervention to save
the patient’s life. This is based on the alarm type
alone, including alarms for life-threatening arrhyth-
mias such as asystole and ventricular tachycardia, as
well as alarms for vital signs outside the set limits.
Supporting Table 1 in the online version of this article
lists the breakdown of alarm types that we defined a
priori as potentially and not potentially critical.

Valid Alarm
A valid alarm is any alarm that correctly identifies the
physiologic status of the patient. Validity was based
on waveform quality, lead signal strength indicators,

and artifact conditions, referencing each monitor’s
operator’s manual.

Actionable Alarm
An actionable alarm is any valid alarm for a clinical
condition that either: (1) leads to a clinical interven-
tion; (2) leads to a consultation with another clinician
at the bedside (and thus visible on camera); or (3) is a
situation that should have led to intervention or con-
sultation, but the alarm was unwitnessed or misinter-
preted by the staff at the bedside.

Nonactionable Alarm
An unactionable alarm is any alarm that does not
meet the actionable definition above, including invalid
alarms such as those caused by motion artifact,

FIG. 1. Alarm classification scheme.

TABLE 1. Characteristics of the 2,445 Alarms for Clinical Conditions

PICU Ward

Alarm type No. % of Total % Valid % Actionable No. % of Total % Valid % Actionable

Oxygen saturation 197 19.4 82.7 38.6 590 41.2 24.4 1.9
Heart rate 194 19.1 95.4 1.0 266 18.6 87.2 0.0
Respiratory rate 229 22.6 80.8 13.5 316 22.1 48.1 1.0
Blood pressure 259 25.5 83.8 5.8 11 0.8 72.7 0.0
Critical arrhythmia 1 0.1 0.0 0.0 4 0.3 0.0 0.0
Noncritical arrhythmia 71 7.0 2.8 0.0 244 17.1 8.6 0.0
Central venous pressure 49 4.8 0.0 0.0 0 0.0 N/A N/A
Exhaled carbon dioxide 14 1.4 92.9 50.0 0 0.0 N/A N/A
Total 1014 100.0 75.6 12.9 1,431 100.0 38.9 1.0

NOTE: Abbreviations: N/A, not applicable; PICU, pediatric intensive care unit.
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equipment/technical alarms, and alarms that are valid
but nonactionable (nuisance alarms).13

Response Time
The response time is the time elapsed from when the
alarm fired at the bedside to when the nurse entered
the room or peered through a window or door, meas-
ured in seconds.

Setting and Subjects

We performed this study between August 2012 and
July 2013 at a freestanding children’s hospital. We
evaluated nurses caring for 2 populations: (1) PICU
patients with heart and/or lung failure (requiring ino-
tropic support and/or invasive mechanical ventilation),
and (2) medical patients on a general inpatient ward.
Nurses caring for heart and/or lung failure patients in
the PICU typically were assigned 1 to 2 total patients.
Nurses on the medical ward typically were assigned 2
to 4 patients. We identified subjects from the popula-
tion of nurses caring for eligible patients with parents
available to provide in-person consent in each setting.
Our primary interest was to evaluate the association
between nonactionable alarms and response time, and
not to study the epidemiology of alarms in a random
sample. Therefore, when alarm data were available
prior to screening, we first approached nurses caring
for patients in the top 25% of alarm rates for that
unit over the preceding 4 hours. We identified preced-
ing alarm rates using BedMasterEx (Excel Medical
Electronics, Jupiter, FL).

Human Subjects Protection

This study was approved by the institutional review
board of The Children’s Hospital of Philadelphia. We
obtained written in-person consent from the patient’s
parent and the nurse subject. We obtained a Certifi-
cate of Confidentiality from the National Institutes of
Health to further protect study participants.14

Monitoring Equipment

All patients in the PICU were monitored continuously
using General Electric (GE) (Fairfield, CT) solar devi-
ces. All bed spaces on the wards include GE Dash
monitors that are used if ordered. On the ward we
studied, 30% to 50% of patients are typically moni-
tored at any given time. In addition to alarming at the
bedside, most clinical alarms also generated a text
message sent to the nurse’s wireless phone listing the
room number and the word “monitor.” Messages did
not provide any clinical information about the alarm
or patient’s status. There were no technicians review-
ing alarms centrally.

Physicians used an order set to order monitoring,
selecting 1 of 4 available preconfigured profiles: infant
<6 months, infant 6 months to 1 year, child, and
adult. The parameters for each age group are in Sup-
porting Figure 1, available in the online version of

this article. A physician order is required for a nurse
to change the parameters. Participating in the study
did not affect this workflow.

Primary Outcome

The primary outcome was the nurse’s response time
to potentially critical monitor alarms that occurred
while neither they nor any other clinicians were in the
patient’s room.

Primary Exposure and Alarm Classification

The primary exposure was the number of nonaction-
able alarms in the same patient over the preceding
120 minutes (rolling and updated each minute). The
alarm classification scheme is shown in Figure 1.

Due to technical limitations with obtaining time-
stamped alarm data from the different ventilators in
use during the study period, we were unable to iden-
tify the causes of all ventilator alarms. Therefore, we
included ventilator alarms that did not lead to clinical
interventions as nonactionable alarm exposures, but
we did not evaluate the response time to any ventila-
tor alarms.

Data Collection

We combined video recordings with monitor time-
stamp data to evaluate the association between nonac-
tionable alarms and the nurse’s response time. Our
detailed video recording and annotation methods have
been published separately.15 Briefly, we mounted up
to 6 small video cameras in patients’ rooms and
recorded up to 6 hours per session. The cameras cap-
tured the monitor display, a wide view of the room, a
close-up view of the patient, and all windows and
doors through which staff could visually assess the
patient without entering the room.

Video Processing, Review, and Annotation

The first 5 video sessions were reviewed in a group
training setting. Research assistants received instruction
on how to determine alarm validity and actionability in
accordance with the study definitions. Following the
training period, the review workflow was as follows.
First, a research assistant entered basic information and
a preliminary assessment of the alarm’s clinical validity
and actionability into a REDCap (Research Electronic
Data Capture; Vanderbilt University, Nashville, TN)
database.16 Later, a physician investigator secondarily
reviewed all alarms and confirmed the assessments of
the research assistants or, when disagreements occurred,
discussed and reconciled the database. Alarms that
remained unresolved after secondary review were
flagged for review with an additional physician or nurse
investigator in a team meeting.

Data Analysis

We summarized the patient and nurse subjects, the
distributions of alarms, and the response times to
potentially critical monitor alarms that occurred while
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neither the nurse nor any other clinicians were in the
patient’s room. We explored the data using plots of
alarms and response times occurring within individual
video sessions as well as with simple linear regression.
Hypothesizing that any alarm fatigue effect would be
strongest in the highest alarm patients, and having
observed that alarms are distributed very unevenly
across patients in both the PICU and ward, we made
the decision not to use quartiles, but rather to form
clinically meaningful categories. We also hypothesized
that nurses might not exhibit alarm fatigue unless
they were inundated with alarms. We thus divided the
nonactionable alarm counts over the preceding 120
minutes into 3 categories: 0 to 29 alarms to represent
a low to average alarm rate exhibited by the bottom
50% of the patients, 30 to 79 alarms to represent an
elevated alarm rate, and 801 alarms to represent an
extremely high alarm rate exhibited by the top 5%.
Because the exposure time was 120 minutes, we con-
ducted the analysis on the alarms occurring after a
nurse had been video recorded for at least 120
minutes.

We further evaluated the relationship between nonac-
tionable alarms and nurse response time with Kaplan-
Meier plots by nonactionable alarm count category
using the observed response-time data. The Kaplan-
Meier plots compared response time across the nonac-
tionable alarm exposure group, without any statistical
modeling. A log-rank test stratified by nurse evaluated
whether the distributions of response time in the
Kaplan-Meier plots differed across the 3 alarm exposure
groups, accounting for within-nurse clustering.

Accelerated failure-time regression based on the
Weibull distribution then allowed us to compare
response time across each alarm exposure group and
provided confidence intervals. Accelerated failure-time
models are comparable to Cox models, but emphasize
time to event rather than hazards.17,18 We determined
that the Weibull distribution was suitable by evaluat-
ing smoothed hazard and log-hazard plots, the confi-
dence intervals of the shape parameters in the Weibull
models that did not include 1, and by demonstrating
that the Weibull model had better fit than an alterna-
tive (exponential) model using the likelihood-ratio test
(P<0.0001 for PICU, P 5 0.02 for ward). Due to the
small sample size of nurses and patients, we could not
adjust for nurse- or patient-level covariates in the
model. When comparing the nonactionable alarm
exposure groups in the regression model (0–29 vs 30–
79, 30–79 vs 801, and 0–29 vs 801), we Bonferroni
corrected the critical P value for the 3 comparisons,
for a critical P value of 0.05/3 5 0.0167.

Nurse Questionnaire

At the session’s conclusion, nurses completed a ques-
tionnaire that included demographics and asked, “Did
you respond more quickly to monitor alarms during
this study because you knew you were being filmed?”

to measure if nurses would report experiencing a
Hawthorne-like effect.19–21

RESULTS
We performed 40 sessions among 40 patients and 36
nurses over 210 hours. We performed 20 sessions in
children with heart and/or lung failure in the PICU
and 20 sessions in children on a general ward. Ses-
sions took place on weekdays between 9:00 AM and
6:00 PM. There were 3 occasions when we filmed 2
patients cared for by the same nurse at the same time.

Nurses were mostly female (94.4%) and had
between 2 months and 28 years of experience (median,
4.8 years). Patients on the ward ranged from 5 days to
5.4 years old (median, 6 months). Patients in the PICU
ranged from 5 months to 16 years old (median, 2.5
years). Among the PICU patients, 14 (70%) were
receiving mechanical ventilation only, 3 (15%) were
receiving vasopressors only, and 3 (15%) were receiv-
ing mechanical ventilation and vasopressors.

We observed 5070 alarms during the 40 sessions.
We excluded 108 (2.1%) that occurred at the end of
video recording sessions with the nurse absent from
the room because the nurse’s response could not be
determined. Alarms per session ranged from 10 to
1430 (median, 75; interquartile range [IQR], 35–138).
We excluded the outlier PICU patient with 1430
alarms in 5 hours from the analysis to avoid the
potential for biasing the results. Figure 2 depicts the
data flow.

Following the 5 training sessions, research assistants
independently reviewed and made preliminary assess-
ments on 4674 alarms; these alarms were all second-
arily reviewed by a physician. Using the physician
reviewer as the gold standard, the research assistant’s
sensitivity (assess alarm as actionable when physician
also assesses as actionable) was 96.8% and specificity
(assess alarm as nonactionable when physician also
assesses as nonactionable) was 96.9%. We had to
review 54 of 4674 alarms (1.2%) with an additional
physician or nurse investigator to achieve consensus.

Characteristics of the 2445 alarms for clinical con-
ditions are shown in Table 1. Only 12.9% of alarms
in heart- and/or lung-failure patients in the PICU were
actionable, and only 1.0% of alarms in medical
patients on a general inpatient ward were actionable.

Overall Response Times for Out-of-Room Alarms

We first evaluated response times without excluding
alarms occurring prior to the 120-minute mark. Of
the 2445 clinical condition alarms, we excluded the
315 noncritical arrhythmia types from analysis of
response time because they did not meet our definition
of potentially critical alarms. Of the 2130 potentially
critical alarms, 1185 (55.6%) occurred while neither
the nurse nor any other clinician was in the patient’s
room. We proceeded to analyze the response time to
these 1185 alarms (307 in the PICU and 878 on the
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ward). In the PICU, median response time was 3.3
minutes (IQR, 0.8–14.4). On the ward, median
response time was 9.8 minutes (IQR, 3.2–22.4).

Response-Time Association With Nonactionable
Alarm Exposure

Next, we analyzed the association between response
time to potentially critical alarms that occurred when
the nurse was not in the patient’s room and the num-
ber of nonactionable alarms occurring over the pre-
ceding 120-minute window. This required excluding
the alarms that occurred in the first 120 minutes of
each session, leaving 647 alarms with eligible response
times to evaluate the exposure between prior nonac-
tionable alarm exposure and response time: 219 in the
PICU and 428 on the ward. Kaplan-Meier plots and
tabulated response times demonstrated the incremen-
tal relationships between each nonactionable alarm
exposure category in the observed data, with the
effects most prominent as the Kaplan-Meier plots
diverged beyond the median (Figure 3 and Table 2).
Excluding the extreme outlier patient had no effect on
the results, because 1378 of the 1430 alarms occurred
with the nurse present at the bedside, and only 2 of
the remaining alarms were potentially critical.

Accelerated failure-time regressions revealed signifi-
cant incremental increases in the modeled response time

as the number of preceding nonactionable alarms
increased in both the PICU and ward settings (Table 2).

Hawthorne-like Effects

Four of the 36 nurses reported that they responded
more quickly to monitor alarms because they knew
they were being filmed.

DISCUSSION
Alarm fatigue has recently generated interest among
nurses,22 physicians,23 regulatory bodies,24 patient
safety organizations,25 and even attorneys,26 despite a
lack of prior evidence linking nonactionable alarm
exposure to response time or other adverse patient-
relevant outcomes. This study’s main findings were
that (1) the vast majority of alarms were nonaction-
able, (2) response time to alarms occurring while the
nurse was out of the room increased as the number of
nonactionable alarms over the preceding 120 minutes
increased. These findings may be explained by alarm
fatigue.

Our results build upon the findings of other related
studies. The nonactionable alarm proportions we found
were similar to other pediatric studies, reporting
greater than 90% nonactionable alarms.1,2 One other
study has reported a relationship between alarm expo-
sure and response time. In that study, Voepel-Lewis

FIG. 2. Flow diagram of alarms used as exposures and outcomes in evaluating the association between nonactionable alarm exposure and response time.
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and colleagues evaluated nurse responses to pulse oxi-
metry desaturation alarms in adult orthopedic surgery
patients using time-stamp data from their monitor noti-
fication system.27 They found that alarm response time
was significantly longer for patients in the highest quar-
tile of alarms compared to those in lower quartiles.
Our study provides new data suggesting a relationship
between nonactionable alarm exposure and nurse
response time.

Our study has several limitations. First, as a prelimi-
nary study to investigate feasibility and possible associa-
tion, the sample of patients and nurses was necessarily
limited and did not permit adjustment for nurse- or
patient-level covariates. A multivariable analysis with a
larger sample might provide insight into alternate
explanations for these findings other than alarm fatigue,
including measures of nurse workload and patient fac-
tors (such as age and illness severity). Additional factors
that are not as easily measured can also contribute to
the complex decision of when and how to respond to
alarms.28,29 Second, nurses were aware that they were
being video recorded as part of a study of nonaction-
able alarms, although they did not know the specific
details of measurement. Although this lack of blinding
might lead to a Hawthorne-like effect, our positive
results suggest that this effect, if present, did not fully
obscure the association. Third, all sessions took place
on weekdays during daytime hours, but effects of non-
actionable alarms might vary by time and day. Finally,
we suspect that when nurses experience critical alarms
that require them to intervene and rescue a patient,
their response times to that patient’s alarms that occur
later in their shift will be quicker due to a heightened
concern for the alarm being actionable. We were unable
to explore that relationship in this analysis because the
number of critical alarms requiring intervention was
very small. This is a topic of future study.

FIG. 3. Kaplan-Meier plots of observed response times for pediatric inten-

sive care unit (PICU) and ward. Abbreviations: ICU, intensive care unit.

TABLE 2. Association Between Nonactionable Alarm Exposure in Preceding 120 Minutes and Response Time to
Potentially Critical Alarms Based on Observed Data and With Response Time Modeled Using Weibull Accelerated
Failure-Time Regression

Observed Data Accelerated Failure-Time Model

Number of Potentially

Critical Alarms

Minutes Elapsed Until This Percentage

of Alarms Was Responded to
Modeled Response

Time, min 95% CI, min P Value*50% (Median) 75% 90% 95%

PICU
0–29 nonactionable alarms 70 1.6 8.0 18.6 25.1 2.8 1.9-3.8 Reference
30–79 nonactionable alarms 122 6.3 17.8 22.5 26.0 5.3 4.0–6.7 0.001 (vs 0–29)
801 nonactionable alarms 27 16.0 28.4 32.0 33.1 8.5 4.3–12.7 0.009 (vs 0–29), 0.15 (vs 30–79)

Ward
0–29 nonactionable alarms 159 9.8 17.8 25.0 28.9 7.7 6.3–9.1 Reference
30–79 nonactionable alarms 211 11.6 22.4 44.6 63.2 11.5 9.6–13.3 0.001 (vs 0–29)
801 nonactionable alarms 58 8.3 57.6 63.8 69.5 15.6 11.0–20.1 0.001 (vs 0–29), 0.09 (vs 30–79)

NOTE: Abbreviations: CI, confidence interval; PICU, pediatric intensive care unit. *The critical P value used as the cut point between significant and nonsignificant, accounting for multiple comparisons, is 0.0167.
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CONCLUSIONS
We identified an association between a nurse’s prior
exposure to nonactionable alarms and response time
to future alarms. This finding is consistent with alarm
fatigue, but requires further study to more clearly
delineate other factors that might confound or modify
that relationship.
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