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Physiologic monitor alarms are an inescapable part of
the soundtrack for hospitals. Data from primarily
adult hospitals have shown that alarms occur at high
rates, and most alarms are not actionable.! Small
studies have suggested that high alarm rates can lead
to alarm fatigue.”® To prioritize alarm types to target
in future intervention studies, in this study we aimed
to investigate the alarm rates on all inpatient units
and the most common causes of alarms at a children’s
hospital.

METHODS

This was a cross-sectional study of audible physiologic
monitor alarms at Cincinnati Children’s Hospital
Medical Center (CCHMC) over 7 consecutive days
during August 2014. CCHMC is a 522-bed free-
standing children’s hospital. Inpatient beds are
equipped with GE Healthcare (Little Chalfont, United
Kingdom) bedside monitors (models Dash 3000,
4000, and 5000, and Solar 8000). Age-specific vital
sign parameters were employed for monitors on all
units.

We obtained date, time, and type of alarm from
bedside physiologic monitors using Connexall middle-
ware (GlobeStar Systems, Toronto, Ontario, Canada).

We determined unit census using the electronic
health records for the time period concurrent with the
alarm data collection. Given previously described vari-
ation in hospital census over the day,* we used 4 daily
census measurements (6:00 am, 12:00 pm, 6:00 pwm,
and 11:00 pm) rather than 1 single measurement to
more accurately reflect the hospital census.

The CCHMC Institutional Review Board deter-
mined this work to be not human subjects research.
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Statistical Analysis

For each unit and each census time interval, we gener-
ated a rate based on the number of occupied beds
(alarms per patient-day) resulting in a total of 28 rates
(4 census measurement periods per/day X 7 days) for
each unit over the study period. We used descriptive
statistics to summarize alarms per patient-day by unit.
Analysis of variance was used to compare alarm rates
between units. For significant main effects, we used
Tukey’s multiple comparisons tests for all pairwise
comparisons to control the type I experiment-wise
error rate. Alarms were then classified by alarm cause
(eg, high heart rate). We summarized the cause for all
alarms using counts and percentages.

RESULTS

There were a total of 220,813 audible alarms over 1
week. Median alarm rate per patient-day by unit
ranged from 30.4 to 228.5; the highest alarm rates
occurred in the cardiac intensive care unit, with a
median of 228.5 (interquartile range [IQR], 193-275)
followed by the pediatric intensive care unit (172.4;
IQR, 141-188) (Figure 1). The average alarm rate
was significantly different among the units (P < 0.01).
Technical alarms (eg, alarms for artifact, lead fail-
ure), comprised 33% of the total number of alarms.
The remaining 67% of alarms were for clinical condi-
tions, the most common of which was low oxygen
saturation (30% of clinical alarms) (Figure 2).

DISCUSSION

We described alarm rates and causes over multiple
units at a large children’s hospital. To our knowledge,
this is the first description of alarm rates across multi-
ple pediatric inpatient units. Alarm counts were high
even for the general units, indicating that a nurse tak-
ing care of 4 monitored patients would need to pro-
cess a physiologic monitor alarm every 4 minutes on
average, in addition to other sources of alarms such as
infusion pumps.

Alarm rates were highest in the intensive care unit
areas, which may be attributable to both higher rates
of monitoring and sicker patients. Importantly, how-
ever, alarms were quite high and variable on the acute
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TUnit Average
(standard deviation)
Cardiac Intensive Care 233.5(70.5)
Pediatric Intensive Care 172.9 (46.9)
Hospital Medicine/Oncology 1496 (64)
Complex Airway 123.4 (113.2)
Neonatal Intensive Care 121.2(21.1)
Cardiology 103.8 (62.5)
Hospital Medicine 93.2 (61.2)
Transitional Care Unit 91.7 (32.5)
Surgery 75.7 (46)
Endocrine 75 (66.2)
Gastroenterology Liver 73.9 (20.1)
Neurology/Neurosurgery 67.3 (20.1)
Gastroenterology Lumen 61.9(32)
Pulmonary 54.5 (30.8)
Bone Marrow Transplant 454 (12.1)
Hematology Oncology 323 (13.5)
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FIG. 1. Alarm rates by unit over 28 study observation periods.
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FIG. 2. Causes of clinical alarms as a percentage of all clinical alarms. Tech-
nical alarms, not included in this figure, comprised 33% of all alarms.

care units. This suggests that factors other than
patient acuity may have substantial influence on alarm
rates.

Technical alarms, alarms that do not indicate a
change in patient condition, accounted for the largest
percentage of alarms during the study period. This is
consistent with prior literature that has suggested
that regular electrode replacement, which decreases
technical alarms, can be effective in reducing alarm
rates.>® The most common vital sign change to cause
alarms was low oxygen saturation, followed by ele-
vated heart rate and elevated respiratory rate.
Whereas in most healthy patients, certain low oxygen
levels would prompt initiation of supplemental oxy-
gen, there are many conditions in which elevated
heart rate and respiratory rate may not require titra-
tion of any particular therapy. These may be poten-
tial intervention targets for hospitals trying to
improve alarm rates.

Limitations

There are several limitations to our study. First, our
results are not necessarily generalizable to other types
of hospitals or those utilizing monitors from other
vendors. Second, we were unable to include other
sources of alarms such as infusion pumps and ventila-
tors. However, given the high alarm rates from physi-
ologic monitors alone, these data add urgency to the
need for further investigation in the pediatric setting.

CONCLUSION

Alarm rates at a single children’s hospital varied
depending on the unit. Strategies targeted at reducing
technical alarms and reducing nonactionable clinical
alarms for low oxygen saturation, high heart rate, and
high respiratory rate may offer the greatest opportu-
nity to reduce alarm rates.
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