QUALITY IMPROVEMENT REPORT

A Trigger and Response System for Preventing

Cardiac Arrest in the ICU

OBIJECTIVES: Although patients in the ICU are closely monitored, some ICU
cardiac arrest events may be preventable. In this study, we sought to reduce
the rate of cardiac arrests occurring in the ICU through a quality improvement
initiative.

DESIGN: Prospective, observational study.

SETTING: ICUs of a single tertiary care center.

PATIENTS: Patients hospitalized in the ICUs between August 2017 and
November 2019.

INTERVENTIONS: A comprehensive trigger and response tool.

MEASUREMENT AND MAIN RESULTS: Forty-three patients experienced
an ICU cardiac arrest in the preintervention epoch (6.79 arrests per 1,000 dis-
charges), and 59 patients experienced an ICU cardiac arrest in the intervention
epoch (7.91 arrests per 1,000 discharges). In the intervention epoch, the clin-
ical trigger and response tool was activated 106 times over a 1-year period,
most commonly due to unexpected new/worsening hypotension. There was no
step change in arrest rate (2.24 arrests/1,000 patients; 95% CI, —1.82 to 6.28;
p = 0.28) or slope change (-0.02 slope of arrest rate; 95% CI, —0.14 to 0.11;
p = 0.79) comparing the preintervention and intervention time epochs. Cardiac
arrests in the preintervention epoch were more likely to be “potentially prevent-
able” than that in the intervention epoch (25.6% vs 12.3%, respectively; odds
ratio, 0.58; 95% CI, 0.20-0.88; p < 0.01).

CONCLUSIONS: A novel trigger-and-response tool did not reduce the frequency
of ICU cardiac arrest. Additional investigation is needed into the optimal approach
for ICU cardiac arrest prevention.

KEY WORDS: cardiac arrest; intensive care unit; preventable harm; quality
improvement

nhospital cardiac arrest (IHCA) is a relatively common and often devastating
event, affecting nearly 300,000 adult inpatients in the United States each year
(1). Of these IHCA events, more than half occur in the ICU (2). Although
overall survival following IHCA has improved modestly over time (3), mortality
remains high, and most IHCA victims do not survive to hospital discharge.
Although efforts to improve intra-arrest and postarrest care of IHCA victims
continue to provide incremental gains in survival, prevention of IHCA is likely
to result in the greatest reduction in morbidity and mortality. To date, substan-
tial investments have been made in the recognition of early deterioration on the
hospital ward to allow for rapid intervention and prevention of IHCA (4, 5).
Most investigators, however, have focused either on ward patients only or on
hospitalwide cardiac arrest, with little published data focusing specifically
on the causes and preventability of arrests that occur in the ICU (6-8). This
is likely due both to unique ICU-specific challenges (e.g., determining an
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appropriate cutoff for vital signs to trigger an alert in
a setting where abnormal vital signs are common) and
to the assumption that patients in the ICU are already
optimally monitored and managed (9).

In previously published work, we demonstrated that
many cardiac arrests in the ICU (ICU-CAs) are po-
tentially preventable and identified several recurring
themes of preventability (10). In the present study, we
set out to test the effects of an intervention aimed at
reducing both the number and the preventability of
ICU-CAs at our institution.

MATERIALS AND METHODS
Study Design, Setting, and Data Collection

This was a prospective, prepost intervention study of
cardiac arrests occurring in the ICUs of a single, urban
tertiary-care center. The study site includes 77 ICU
beds divided into medical, surgical, neuroscience, car-
diac, trauma, and cardiac surgery units, with one mixed
medical/surgical unit. Supervised trainees (interns, resi-
dents, and fellows) are commonly at the frontline of care.
Patients in surgical ICUs are comanaged between the
intensivist and surgical teams. Boarding patients (e.g., a
patient on a medical ICU service but physically in a sur-
gical ICU bed due to lack of beds in the medical ICU)
were counted as being in the ICU in which they were
physically located. Patients admitted to an ICU who expe-
rienced an ICU-CA and underwent chest compressions
were included. Nonindex ICU-CAs and ICU-CAs occur-
ring within 1 hour of arrival to the ICU were excluded.
The study was divided into a number of time epochs.
The preintervention period was from August 1, 2017,
to May 31, 2018. This was followed by an intervention
development period from June 1, 2018, to October 21,
2018. During this time, the intervention was developed
as described below using data collected during the
preintervention period. The intervention was piloted
in one ICU from October 22, 2018, to November

30, 2018. Data collection for the intervention period
began on December 1, 2018, and continued through
November 30, 2019 (Fig. 1).

AIlICU-CAs occurring during the preintervention and
intervention phases were reviewed by an expert multidis-
ciplinary and multispecialty panel. This panel consisted
of attending physicians from medical critical care, anes-
thesia critical care, emergency medicine, and cardiology.
Nursing representation included senior-level critical care
nurses, all with at least 10 years of critical care nursing
experience. The composition and procedures for these
reviews can be found in our previously published work
on this topic (10). The study was reviewed and approved
by the Beth Israel Deaconess Medical Center Committee
on Clinical Investigation (Institutional Review Board
protocol 2012P-000127). Funding for this study was pro-
vided by the Controlled Risk Insurance Company.

Comprehensive Trigger and Response Tool
Development and Implementation

The comprehensive trigger and response (CTRS) tool
was designed by the expert panel. The panel identified
key themes of preventability based on review of the
ICU-CAs in the preintervention period and created a
data-driven intervention targeted at these themes. The
final CTRS tool can be found in the data supplement. In
short, the CTRS tool consisted of four 5-inch x 9-inch
cards held together by a ring. Each card contained a
trigger criterion and a flow diagram describing trigger
and response procedures. The four trigger criteria were
based on previously identified themes of preventability
and included worsening respiratory insufficiency, wors-
ening hypotension, new/unexpected anxiety or agita-
tion, and a final category of marked clinician concern.
Tips and reminders to assist medical decision-making
appeared on the back of each card. (Fig. S1, http://links.
lww.com/CCX/A817). A trigger could be initiated by a
nurse or physician. Once initiated, clinical team mem-
bers including the nurse and the resident or advanced
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Figure 1. Study timeline.
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care provider were then called or paged to the bedside
depending on proximity. At the bedside, the patient
was assessed, relevant decision aids were reviewed,
and a plan of care was made. The attending physician
was made aware of the trigger but was not required to
be at bedside. An event note documenting the trigger
was entered into the electronic medical record. Trigger
events were captured by the study team electronically
through a marker placed in the ICU electronic medical
record (Fig. S2, http://links.Iww.com/CCX/A818).

The CTRS tool was implemented across the study-
site ICUs using a multimodal approach thatincluded: 1)
identification and empowerment of nurse champions
in each ICU; 2) presentations to nurses, respiratory
therapists, house staff, fellows, and attending physi-
cians; and 3) placement of large informational post-
ers in each ICU. In addition, the trigger tool itself was
affixed to the computer workstation in each ICU pa-
tient room.

Outcome Definitions

The primary outcome measure was the ICU-CA rate,
defined as the number of ICU-CAs divided by the total
number of patients who were in the ICU. This rate was
calculated for each 1-week period during the study.
The secondary outcome was the expert rating of pre-
ventability, dichotomized as “potentially preventable”
versus “not potentially preventable.” This dichotomiza-
tion mirrors our prior publication on this topic (10).
A “potentially preventable” arrest was one in which at
least half of all expert panel raters assigned a score of 3
or higher on a 5-point scale.

Statistical Analysis

The study power was determined a priori for the pri-
mary outcome of ICU-CA event rate. Between January
2010 and December 2015, there were an average of 5.7
cardiac arrests per 1,000 unique ICU discharges at the
study site. When a rapid response system was imple-
mented on hospital floors at the same institution, there
was a 65% reduction in unexpected mortality out-
side of the ICU (11). We estimated a 46% reduction
in ICU-CA frequency, which provided us with 80%
power using a two-sided alpha of 0.05.

Descriptive statistics for continuous variables are re-
ported with means and standard deviations or medi-
ans and interquartile ranges. Categorical variables
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are reported as counts with frequencies. The primary
outcome was analyzed using an interrupted time se-
ries approach to evaluate the change in unadjusted
ICU-CA rates before-and-after implementation of the
CTRS intervention. For this primary analysis, study
time was divided into three epochs as above. The pri-
mary outcome was the step change and slope change
in ICU-CA rate between the preintervention/CTRS
development period and intervention time epochs, ex-
cluding the CTRS pilot period. Autocorrelation was
tested for using the Durbin-Watson test with values
less than 1.5 or greater than 2.5 considered suggestive
of significant first-order autocorrelation.

The secondary outcome focusing on arrest prevent-
ability was assessed through hierarchical, multivariable
logistic regression with generalized estimating equations.
The outcome variable was expert rating, dichotomized as
“potentially preventable” or “not potentially preventable””
The primary exposure variable was the period in which
the event occurred (preintervention vs intervention pe-
riod). Covariates included in the model were patient
age, biologic sex, ICU-CA location, and initial rhythm.
As multiple experts provided a rating for each patient,
clustering was accounted for at the patient level. A robust
variance-covariance structure was chosen.

Two additional post hoc sensitivity analyses were per-
formed. In the first, only events occurring in the med-
ical ICUs were considered. This analysis was performed
as the greatest number of CTRS activations occurred in
the medical ICUs. Second, to explore whether differ-
ences seen were a result of changes not related to the
CTRS, we performed a difference-in-difference analysis
comparing rates of ICU-CA to rates of cardiac arrest
events occurring on the hospital ward. The difference in
step change and slope change was assessed through the
inclusion of relevant interaction terms in the model.

For all analyses, p values less than 0.05 were consid-
ered statistically significant. All statistics were performed
using STATA Version 15.1 (StataCorp LP, College Station,
TX), and some graphics were created using R Version
3.0.2 (The R Foundation for Statistical Computing).

RESULTS

Cohort Characteristics

A total of 6,327 (from August 1, 2017, to May 31, 2018)
and 7,453 (from December 1, 2018, to November
30, 2019) patients were discharged from the ICU in
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the preintervention and intervention epochs, respec-
tively. During the preintervention epoch, there were
43 patients with ICU-CA meeting all inclusion and no
exclusion criteria (6.79 arrests per 1,000 discharges).
During the intervention epoch, there were 59 arrests
meeting these criteria (7.91 arrests per 1,000 dis-
charges). Complete details can be found in Table 1.

Use of the Clinical Trigger and Response
System

During the intervention period, the CTRS was ini-
tiated 106 times. The CTRS was most commonly

TABLE 1.

activated in the medical ICUs, accounting for 64
activations (60.4%). The reason for activation
was most commonly hypotension (47 activations
[44.3%]) and respiratory insufficiency (35 acti-
vations [33.0%]). Following CTRS activation, 62
patients (58.5%) had a change in medications or-
dered, 42 (39.6%) had a change in the monitoring
or follow-up plan, and 27 (25.5%) had a procedure
performed. Thirteen (12.3%) had a change in their
code status (e.g., change from “full code” to “do not
resuscitate”) (Table 2). Among those patients for
whom the CTRS was activated, three (2.9%) suf-
fered an ICU-CA within 48 hours.

Characteristics of ICU-Cardiac Arrests Before and After the Comprehensive Trigger and

Response Intervention

Variable

Intervention Period

Preintervention

Demographics
Age (mean [sp])
Sex (n [%], female)
Race (n [%])?
White
Black
Other
Arrest characteristics
Location (n [%])
Cardiac care unit eight beds
Cardiac surgery
Medical ICU 28 beds
Neuroscience ICU eight beds
Surgical ICU eight beds
Trauma surgical ICU 10 beds
Initial rhythm (n [%], shockable)®
Duration of resuscitative efforts (min, median [IQR])
Time from ICU admission until arrest (hr, median [IQR])
Outcomes
Return of spontaneous circulation (n [%], achieved)

Survival to hospital discharge (n [%)])

(n=43) (n =59)

66.5 (15.1) 68.6 (16.3) 0.51
15 (34.9) 16 (27.1) 0.51
22 (64.7) 28 (62.2) 0.08
10 (29.4 7 (15.6)

2 (5.9) 10 (22.2)
10 (23.3) 19 (32.2) 0.29
2 (4.7) 6 (10.2)
18 (41.9) 24 (40.7)
1(2.3) 1(1.7)
8 (18.6) 3 (5.1)
4 (9.3) 6 (10.2)
11 (25.6) 10 (17.5) 0.46
12 (4-27) 9 (4-20) 0.33

50.0 (9.5-156.8) 43.3 (9.2-119.3) 0.92
27 (62.8) 40 (67.8) 0.68
10 (23.3) 14 (23.8) > 0.999

IOR = interquartile range.

aNine missing values (21.0%) of race in the preintervention data, and 14 (23.8%) missing values of race in the intervention data

excluded from calculation of percentages in table.

*Two missing values (3.4%) of shock status in the intervention data omitted from calculation of percentages in table.
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TABLE 2.

Use of the Clinical Trigger and
Response System

Total Triggers

Trigger Details (n=106)
Trigger location (n [%])
Cardiac care unit eight beds 25 (23.6)
Cardiac surgery 15 beds 1(1.0)
Medical ICU 28 beds 64 (60.4)
Neuroscience ICU eight beds 3(2.8)
Surgical ICU eight beds 4 (3.8)
Trauma surgical ICU 10 beds 9 (8.5)
Primary trigger initiation criteria
Hypotension 47 (44.3)
Respiratory insufficiency 35 (33.0)
Change in mental status 11 (10.4)
Arrhythmia 6 (5.7)
Nursing concern 7 (6.6)
Trigger response?
Change in medications 62 (58.5)
Change in monitoring/follow-up plan 42 (39.6)
Procedure performed 27 (25.5)
New diagnostic imaging 14 (13.2)
Change in code status 13 (12.3)
New consult placed 6 (5.7)
Trigger documentation
Nurse event documentation 106 (100)
Physician event documentation 72 (67.9)
ICU cardiac arrest after trigger
Yes 3 (2.9)

2More than one can be selected for each trigger.

Primary Outcome and Related Sensitivity
Analyses

At the start of the study, the predicted (model y-inter-
cept) ICU-CA frequency rate was 5.11/1,000 patients
in the ICU (95% CI, 2.21-8.01). Over the preinter-
vention period and CTRS development period, there
was no significant change in arrest rate over time
(slope, -0.01; 95% CI, —0.09 to 0.06; p = 0.69). As com-
pared with the preintervention and development peri-
ods, there was no significant step change (step change
in arrest rate of 2.24, 95% CI, -1.82 to 6.28; p = 0.28)
or slope change (difference in slope as compared with

Critical Care Explorations

preintervention, —0.02; 95% CI, -0.14 to 0.11; p = 0.79)
(Fig. 2) in the intervention period. There was no sub-
stantial first-order autocorrelation (Durbin-Watson
statistic 1.84).

When restricted to patients who were hospitalized in
the medical ICU, there was likewise no identified effect
of the intervention in the interrupted time series anal-
ysis (step change, 0.39; 95% CI, -7.30 to 8.07; p = 0.92;
slope change, 0.03; 95% CI, -0.20 to 0.26; p = 0.79).

In the difference-in-difference sensitivity analysis
comparing ICU-CA rates to inhospital arrest rates on
the hospital ward, there was no difference comparing
intercepts or slopes between the ICU arrest rate and
the ward arrest rate (difference in step change, 2.02;
95% CI, -2.10 to 6.14; p = 0.34; difference in slope
change, -0.03; 95% CI, -0.12 to 0.05) (Fig. 3).

Secondary Outcome of Arrest Preventability

In the preintervention period, there were 11 “poten-
tially preventable” arrests out of a total of 43 arrests
(25.6%) rated. In the intervention period, there were
seven “potentially preventable” arrests out of a total
of 57 arrests (12.3%) rated. Using hierarchical multi-
variable logistic regression analysis, there was a 58%
lower odds (odds ratio [OR], 0.42; 95% CI, 0.20-0.88;
p = 0.02) of an arrest in the intervention period being
“potentially preventable” as compared with an arrest
in the preintervention period. In the adjusted analysis,
there was a 76% lower odds (OR, 0.24; 95% CI, 0.10-
0.60; p < 0.01) of the arrest being “potentially prevent-
able” in the intervention period.

DISCUSSION

In this prospective study of cardiac arrests occurring
in the ICU, the introduction of a CTRS system was
feasible and was frequently used by frontline critical
care staff (approximately 10 activations per month).
The most common reasons for CTRS activation were
hypotension and respiratory insufficiency, and most
patients underwent a change in the diagnostic and/
or management plan in response to the activation.
Although the most common result of the CTRS acti-
vation was a change in prescribed medications, 13% of
activations resulted in a change in patient code status.
With regard to the prespecified primary outcome of
change in ICU-CA rate in the period prior to the in-
tervention as compared with afterward, there was no
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significant effect of the CTRS. There was likewise no
effect seen in two post hoc sensitivity analyses. Of
ICU-CAs assessed, those occurring in the intervention
period were less likely to be “potentially preventable”
as compared with those in the preintervention period.
As detailed below, the failure of the CTRS tool to re-
duce ICU-CA rates likely stemmed from a number

of factors including design elements (e.g., incomplete
capture of prodromes leading to ICU-CA), inadequate
statistical power to detect an effect, implementation
missteps including failure to recognize and adequately
mitigate reluctance of nursing staff and physicians
to activate the system due to fear of breach in med-
ical team cohesiveness, and lack of clear criteria for
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activating the CTRS and reliance on clinician judg-
ment in that regard.

ICU-CA has historically not been considered pre-
ventable given high nurse and physician to patient
ratios, close monitoring of patients, and the overall
high severity-of-illness in the ICU (9). In previous
work, we challenged that paradigm and found that
many ICU-CAs have preventable elements with com-
mon themes of preventability (10). Further, these
themes of preventability suggested possible targets for
quality improvement and educational interventions.
These themes include inadequate communication,
misattribution/diagnostic bias, and failure to treat or
to escalate treatments promptly. The data-driven CTRS
tool was an intervention developed based to address
the issue of preventability of ICU-CAs. This was a
novel intervention in that the CTRS tool was more
than just a “trigger” system but combined an alert with
a decision aid for on-the-ground management of crit-
ically ill patients.

Numerous tools have been developed to detect and
alert clinical teams to impending deterioration on hos-
pital wards. These tools commonly rely on structured
clinical data from the electronic medical record or bed-
side flow sheets. Results are mixed as to whether these
alerts improve patient outcomes (12, 13), although a
recent large study combining a data-driven alert tool
with clinician filtering, and a clear efferent response
plan (that included the option of calling for palliative
care consultation) was associated with an improve-
ment in survival (4). In general, the afferent arms of
these tools are better developed than the efferent arms,
wherein clinicians alerted to impending decompen-
sation are not provided with tools or decision aids to
guide subsequent management (11, 14-16). As above,
the CTRS attempts to mitigate that afferent/efferent
imbalance by providing bedside decision aids for re-
view by the entire team (nurses, respiratory therapists,
and physicians) at the time of an unexpected change in
clinical status. To our knowledge, this is the first pub-
lished description of an alert-and-response tool for the
prevention of cardiac arrest in the adult ICU setting.
One study in PICUs did find that implementation of
a cardiac arrest prevention bundle reduced ICU-CA
rates—especially among surgical populations (17).

The finding that introduction of our CTRS tool
did not reduce ICU-CA may be explained by in-
complete implementation, suboptimal design of the
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intervention, lack of power owing to fewer prevent-
able arrests than expected, or a combination thereof.
In terms of implementation, one concern commonly
cited by nursing and physician house staft was that
activating the CTRS would be seen as punitive and
detrimental to the nursing-physician relationship. This
was addressed by study staff on a number of occasions
and in a number of forums; however, concerns in this
area persisted throughout the study period and may
have resulted in fewer CTRS activations. Perhaps a
more automated CTRS-activation approach with phy-
sician filtering may have ensured that the afferent limb
was not affected by concerns regarding perceived pu-
nitive action. Additional challenges to implementation
included a frequently changing physician workforce
with rotation of resident teams, an electronic med-
ical record in transition that did not allow for seam-
less CTRS integration for ease of decision aid review
and documentation, and variable involvement of unit
champions to advance the CTRS tool and remind
frontline staff of its intended use.

With respect to design of the intervention, it is pos-
sible that the low activation rate of the CTRS and the
high frequency of ICU-CA without preceding CTRS
activation resulted from incomplete capture of pro-
dromes leading up to the arrest. In particular, acute
neurologic decompensation manifesting not as agi-
tation/anxiety but in a more hypoactive state was not
fully captured by any of the activation criteria aside
from “marked clinician concern.” Although additional
prodromes leading up to ICU-CA were not identi-
fied in expert review of the cases, other prearrest pro-
dromes may exist and could have contributed to the
low CTRS activation rate preceding ICU-CA. Overall,
however, the opinion of the authors is that the inter-
vention failed with respect to the primary outcome
largely due to deficiencies in implementation and not
design. Commonly, during review of an ICU-CA by
the expert panel, it was clear that an opportunity for
CTRS activation existed and was indicated but was not
carried through by the frontline team.

Although we did not find an overall reduction in
the primary outcome of the number of ICU arrests
after the intervention, the relatively small percentage
of arrests thought to be potentially preventable may
have meant that our study was significantly under-
powered for the primary outcome. Indeed, 25.6% of
arrests in the preintervention period were “potentially

www.ccejournal.org 7
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preventable,” but we were powered to detect a 46.0%
reduction in ICU-CA rate. The finding that arrests
occurring in the intervention period had lower odds of
being “potentially preventable” than those in the pre-
intervention period suggests a possible benefit of the
intervention and may warrant further investigation
either in a larger study or one specifically focused on
the potentially preventable arrests. It should be noted,
however, that the reduction in ICU-CA preventability
is hypothesis-generating only and carries risk of bias
as a result of the expert panel evaluating cases during
both the preintervention and intervention periods.
This study had a number of strengths. First, the pro-
spective nature of the study ensured capture of all ICU-
CAs occurring during the study period and allowed
expert reviewers to assess data in real time without re-
liance on archived data sources. In addition, the mul-
tidisciplinary and multispecialty nature of the expert
panel provided a comprehensive review of each arrest
and allowed for the development of a CTRS that re-
flected priorities of a number of stakeholders. In being
the first study, to our knowledge, that systematically
assessed a tool created to prevent ICU-CAs, there were
also a number of important limitations. First, without a
clear control group, it is difficult to know whether the
patients admitted to the ICU in the intervention period
were at similar risk of ICU-CA as those in the period
prior to implementation. Furthermore, since our CRTS
tool relied on human activation rather than on an auto-
mated system, we cannot assess the reliability of activa-
tion as a percent of total trigger opportunities. Another
important limitation is that the same expert review
panel assessed arrests throughout the study period; it
is, therefore, possible that subconscious bias affected
preventability ratings in the intervention period. A
third limitation is that there were other ongoing quality
improvement projects in the ICUs unrelated to cardiac
arrest during the trial, and the impact of those inter-
ventions on the effectiveness of the CTRS is not clear.

CONCLUSIONS

ICU-CAs commonly have elements of preventability.
The introduction of a CTRS system was feasible but
did not result in a reduction in the frequency of car-
diac arrests occurring in the ICU. Arrests occurring
in the ICU after the introduction of the trigger-and-
response system were deemed less likely to be “po-
tentially preventable” than those occurring in the

8 www.ccejournal.org

preimplementation period, although this finding is
hypothesis-generating only due to the risk of observer
bias. Additional work is needed to identify the optimal
approach to mitigation of preventable cardiac arrests
in the critically ill.
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