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Abstract

Aim: Cardiac arrest in the intensive care unit (ICU-CA) is a common and highly morbid event.
We investigated the preventability of ICU-CAs and identified targets for future intervention.

Methods: This was a prospective, observational study of ICU-CAs at a tertiary care center in the
United States. For each arrest, the clinical team was surveyed regarding arrest preventability. An
expert, multi-disciplinary team of physicians and nurses also reviewed each arrest. Arrests were
scored 0 (not at all preventable) to 5 (completely preventable). Arrests were considered “unlikely
but potentially preventable’ or ‘potentially preventable’ if at least 50% of reviewers assigned a
score of =1 or =3 respectively. Themes of preventability were assessed for each arrest.

Results: 43 patients experienced an ICU-CA and were included. A total of 14 (32.6%) and 13
(30.2%) arrests were identified as unlikely but potentially preventable by the expert panel and
survey respondents respectively, and an additional 11 (25.6%) and 10 (23.3%) arrests were
identified as potentially preventable. Timing of response to clinical deterioration, missed/incorrect
diagnosis, timing of acidemia correction, timing of escalation to a more senior clinician, and
timing of intubation were the most commonly cited contributors to potential preventability.
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Additional themes identified included the administration of anxiolytics/narcotics for agitation later
identified to be due to clinical deterioration and misalignment between team and patient/family
perceptions of prognosis and goals-of-care.

Conclusions: ICU-CAs may have preventable elements. Themes of preventability were
identified and addressing these themes through data-driven quality improvement initiatives could
potentially reduce CA incidence in critically-ill patients.
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Introduction

In-hospital cardiac arrest (IHCA) is a common occurrence in the United States with an
annual incidence of over 290,000 cases per year.1:2 The incidence of IHCA has been
increasing over the past decade. Unfortunately, survival to hospital discharge following
IHCA remains low and survivors are commonly discharged with significant neurologic
dysfunction.3 More than half of IHCAs occur in intensive care units (ICU), where outcomes
are generally worse than those on monitored (i.e. telemetry) inpatient wards.# Despite the
substantial and increasing disease burden of ICU cardiac arrest (ICU-CA), there is little
published data regarding their causes and preventability.®

Patients in the ICU are closely monitored, with a care structure that typically includes a low
nurse-patient ratio, continuous cardiac and hemodynamic monitoring, and the immediate
availability of the physician team. The close monitoring of patients in the ICU environment,
however, may falsely reassure staff that patient safety is optimized, and thus contribute to a
culture in which cardiac arrests that occur in the ICU are seen as inevitable and therefore not
preventable.5 Additionally, tools used to prevent adverse events on inpatient wards are
impractical in the ICU because these are often based on standardized vital sign abnormalities
and may not be applicable to the abnormal physiological parameters frequently encountered
in the ICU. As ICU-CA incidence increases, with only modest concomitant improvements in
arrest outcomes, there is an acute need to explore possible preventability in ICU-CA and
derive data-driven tools to assist clinicians tasked in averting them.

In the present study, we hypothesize that many ICU-CAs have preventable elements.
Further, we identify common themes of preventability that can be used to develop tools for
ICU-CA prevention.

Materials and methods

Study design, setting, and population

This was a prospective observational study conducted at a single tertiary care center in an
urban setting. The study site includes 77 ICU beds divided into medical, surgical,
neurologic, cardiac, trauma and cardiac surgery units, with one mixed medical/surgical unit.
All ICUs are managed by trained intensivists with the exception of the cardiac care unit,
which is managed by cardiologists (some of whom carry certification in critical care
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medicine). 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 surgical
ICU bed due to lack of beds in the medical ICU) were counted as being in the ICU in which
they were physically located. The study was conducted between August 2017 and May
2018.

All patients who experienced an ICU-CA and received chest compressions of any duration
were included. Only the index ICU arrest was reviewed. Patients who experienced an arrest
within one hour of arrival to the ICU were excluded a priorito data analysis so as to limit
analyzed cardiac arrest events to those potentially modifiable with changes to ICU care.

The study was reviewed and approved by the Beth Israel Deaconess Medical Center
(BIDMC) Committee on Clinical Investigation (Institutional Review Board).

Case review — expert panel

A multi-disciplinary panel of critical care physicians (n = 7) and nurses (n = 3) (“expert
panel”) was assembled. The composition of the expert panel included representatives of
Pulmonary/Critical Care, Anesthesia/Critical Care, Cardiology, and Emergency Medicine.
Members of the panel were selected to ensure a mix of representation from various medical
specialties in addition to including individuals who serve on the site’s Resuscitation
Committee and/or have substantial experience in IHCA research and quality improvement.

Prior to the start of the study, the expert panel independently reviewed 17 randomly selected
cases of ICU-CA occurring between February and December 2016. Following independent
review of these retrospective cases, the expert panel met to discuss ratings given to each
arrest and build consensus around the case review process. During this process, common
themes of preventability began to emerge and a list of contributing factors was finalized for
use during the study. A case review tool was built to capture the appropriate data elements.

The expert panel was then tasked with independently reviewing each ICU-CA occurring
during the study period. Each arrest was assessed on a scale ranging from 0 (not at all
preventable) to 5 (completely preventable) had earlier or different action been taken in in the
ICU (see Fig. 1). Members of the expert panel then selected from a list of predefined
potential contributing factors to preventability. The predefined contributors were selected
based on expert consensus of the panel. In addition, a comment section allowed for expert
panel members to add preventability themes not present in the predefined list.

After independently completing all reviews, the expert panel met on a monthly basis to
discuss all ICU-CAs reviewed in the preceding month. After discussion of each arrest, panel
members were allowed to modify their preventability score so as to provide for more
accurate ratings in the event of missed or clarified data regarding the ICU-CAs. In addition,
new themes of preventability were identified during case discussion.

Provider surveys

A survey was developed to assess the perceptions of front-line clinical providers caring for
patients who experience ICU-CA. The survey was developed in an iterative process and
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piloted among members of the expert panel. The survey instrument can be found in
Supplemental Figure S1.

The survey was distributed electronically via REDCap electronic data capture tools hosted at
the study site.” Surveys were sent to the clinical team members (attending physician,
trainees, advanced practice clinicians [APCs, i.e. nurse practitioners and physician
assistants], and bedside nurses) caring for patients in the period immediately preceding the
cardiac arrest. Surveys were generally sent within 48 -h of the arrest and included two
weekly reminders if needed. As with the expert panel review, survey respondents were asked
to assess the preventability of the cardiac arrest. In contrast to the expert panel, predefined
categories of preventability were not offered and potential contributing factors to the arrest
were elicited solely in free text form to avoid bias from the investigators. The free-text
responses were later categorized by the author group into thematic categories.

Statistical analysis

Results

A combination of quantitative and qualitative methodologies was used to assess the data.
Descriptive statistics are reported with means with standard deviations or medians with
interquartile ranges. Comparisons were made with t-tests, Wilcoxon rank sum tests, or
Fisher’s exact tests as appropriate. Agreement amongst the expert panel was assessed using
Fleiss’s Kappa. ICU-CAs were classified as ‘not preventable’ if less than half of raters
selected a score =1, as “unlikely but potentially preventable’ if at least half of raters selected
a score =1, and ‘potentially preventable’ if at least half of all raters selected a score =3.

The frequencies of predefined preventability themes, as well as new themes identified during
review, were tabulated for comparison. Free text themes were categorized by two members
of the expert panel into one of the a prioriidentified thematic categories or into unique
categories if no a prioritheme was appropriate. Discrepancies between reviewers were
resolved through case discussion. Preventability themes are reported only for those arrests
identified as at least unlikely but potentially preventable.

A total of 48 patients suffered an ICU-CA during the study period, out of a total of 5062
patients admitted to the ICU. Of these, 5 patients arrested within one hour of ICU admission
and were excluded from further analysis. Of the remaining 43 patients, the median age was
69 (IQR: 58-77) and 34.9% were female. There were 5062 ICU admissions during the study
period. Complete details of patient demographics, arrest characteristics, and outcomes can
be found in Table 1.

Expert review results

A median of 7 (IQR 6-8) reviewers evaluated each arrest. Overall, 14 (32.6%) arrests were
identified as unlikely but potentially preventable (i.e. most ratings =1) and an additional 11
(25.6%) arrests were identified as potentially preventable (i.e. most ratings =3). There was
fair agreement amongst reviewers regarding which arrests were potentially vs. less likely
preventable (percent agreement = 74.7%, x = 0.34, p < 0.0001).8
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The most commonly selected (by at least one reviewer) predefined contributors to
preventability in cases classified as at least unlikely but potentially preventable included:
‘delayed response to clinical deterioration (72.0%),” ‘missed or incorrect diagnosis
(52.0%),” “acute condition not escalated appropriately by trainee physician (48.0%),’
‘delayed correction of acidemia (48.0%),” and ‘delayed intubation for respiratory failure
(40%)’. The most commonly reported theme of preventability identified during panel case
review (outside of the categories identified a priori) was anxiolytics/narcotics given for
agitation ultimately related to clinical deterioration, which was identified in 5 (20.0%)
arrests. See Fig. 2 for complete details.

Survey results

A total of 165 clinician surveys were sent with a median of 4 surveys per cardiac arrest. The
overall response rate was 60.6%, with 28/43 (65.1%) attending physicians, 39/78 (50.0%)
trainee physicians and APCs, and 33/44 (75.0%) of registered nurses responding.

In sum, 13 (30.2%) arrests were identified as unlikely but potentially preventable by at least
half of the survey respondents for each case and 10 (23.3%) were identified as potentially
preventable. ‘Delayed intubation for respiratory failure” was the most commonly identified
contributor to ICU-CA among those deemed at least unlikely but potentially preventable,
occurring in 7 (30.4%) ICU-CAs. ‘Missed or incorrect diagnosis’ was identified in 4
(17.4%) arrests and ‘delayed response to clinical deterioration” was identified in 3 (13.0%)
arrests. Notably, a misalignment in team and patient/family goals of care or inadequate
discussion of goals of care was identified in 4 (17.4%) arrests rated as at least ‘unlikely but
potentially preventable.’

When asked ‘Did you observe/were you informed of any clinical changes preceding the
cardiac arrest?,” at least one survey respondent answered in the affirmative in 37/43 (86.1%)
cases. Trainee physicians/APCs and nurses were each more likely to respond that they were
aware of clinical changes prior to the ICU-CA as compared to attending physicians (71.7%
vs. 73.5% vs. 44.4% respectively, p = 0.04). When asked ‘To the best of your memory, was
the attending physician alerted to clinical decompensation prior to the cardiac arrest?” all
survey respondents answered ‘yes’ in 16 (37.2%) cases and ‘no’ in 7 (16.3%) cases. In the
remaining cases, there were mixed responses or some respondents were unsure.

Combined expert panel review and survey data

There was a strong, positive correlation between the median preventability scores for each
arrest as determined by the expert panel and survey respondents (p = 0.60, p <0.001).
Overall, 6 (14.0%) potentially preventable by both the expert panel and the survey
respondents. Five (11.6%) ICU-CAs were identified as being potentially preventable by the
expert panel but unlikely or not preventable by the survey respondents, and 4 (9.3%) were
identified as being potentially preventable by the survey respondents only.

Discussion

In the present study, many ICU-CAs were identified by an expert panel and front-line
providers to have had some opportunity for preventative action in the ICU, and a substantial
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proportion (>20%) were found to be potentially preventable had earlier or different action
been taken in the ICU. In addition, a number of recurrent themes were identified in those
ICU-CAs deemed to be potentially preventable including, ‘delayed response to clinical
deterioration’ and ‘delayed intubation for respiratory failure’ among others. Some additional
notable and modifiable practices that may contribute to preventable ICU-CAs included the
administration of anxiolytics/narcotics in response to agitation related to unrecognized
clinical decompensation and ambiguity or uncertainty regarding goals of care and whether
the documented code status was considered appropriate for a given patient.

IHCA is a relatively common event with an increasing incidence in the United States.®
Despite improvements in resuscitation and post-arrest practices, IHCA outcomes remain
poor with only a minority of IHCA victims surviving to hospital discharge.2 IHCA events
also expose caregivers of victims to high levels of stress10 and may place other hospitalized
patients at increased risk of clinical deterioration by diverting attention and other resources.
11 As such, preventing unexpected death on the hospital ward has been a focus of numerous
research and quality improvement efforts. These efforts have included (1) identifying
patients at higher risk of decompensation, (2) expanded availability of physiologic
monitoring, and (3) the development of rapid response systems to expedite the management
of deteriorating patients.12 While these interventions have variably been shown to reduce
unexpected death on hospital wards,12:13 research into the preventability of ICU-CAs has
been far more limited.

In one prior retrospective cohort study at a tertiary care center in the United States, 104
IHCAs occurring over a 12 month period were identified.1* Of these, 30 occurred in an ICU
setting with the remainder occurring on hospital wards. After review, the authors categorized
3 (10%) ICU-CAs as potentially preventable as compared to 21.6% of arrests occurring on
hospital wards. Of those potentially preventable ICU-CAs, two were attributed to a failure to
follow hospital guidelines/policies and one was attributed to delay in clinical care. Notably,
the three preventable ICU-CAs were being managed on the cardiology, neurosurgery, and
transplant surgery services with none on a primary intensivist service. Additionally, the
authors only identified events for which a ‘code’ was called, thus some arrests that occurred
in the ICU setting for which no ‘code’ was called may have been missed. In a second
retrospective cohort review of IHCAs occurring over a one-year period in a United Kingdom
hospital, 15 of 37 (40.5%) arrests in the critical care setting and 63 of 81 (77.8%) arrests in
the non-critical care setting were identified as potentially preventable.1> While that study did
not break out reasons for preventable arrest between critical care and non-critical care areas,
the most common precipitants of potentially preventable arrests were inadequate response to
new laboratory findings, delay by nursing in informing physicians, and delay by physicians
in responding. Differences in rates of cardiac arrest preventability between the above two
studies likely stems from differences in how preventability was defined and interpreted.
Specifically, the former study defined preventability based on a stricter set of criteria
whereas the latter study required only “suboptimal’ practice linked to the event.

Delays in the acute management of deteriorating patients were the most common
contributors to preventability in the present study. In particular, delay in response to clinical
deterioration, delay in acidosis correction, and delay in intubation were identified as
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contributors in a number of ICU-CAs. In review of these cases, intubation was often
deferred as the patient was perceived to have adequate oxygenation/ventilation despite
rapidly declining hemodynamic status and/or worsening metabolic acidosis. Earlier
intubation of these patients, before they lose the ability to compensate for their physiologic
derangement, may prevent some ICU-CAs. The expert review panel additionally identified a
number of instances in which patient agitation or anxiety was treated with narcotics or
anxiolytics alone, while the symptoms were in fact an early indicator of other clinical
decompensation and may have been related to air hunger/hypoxemia. This observation
suggests that patients with new agitation/anxiety in the ICU should be assessed for signs of
hemodynamic instability or organ dysfunction prior to (or at least in conjunction with) the
administration of anxiolytics or narcotics, although certainly these medications are
sometimes necessary for patient comfort and safety.

Finally, it is worth highlighting that discordance between a patient’s documented goals-of-
care and the perception of the appropriateness of those goals by the treating team may
sometimes play a role in preventable ICU-CA. Patients in whom the goals-of-care are not
well defined but appear to be moving towards a decision to forgo cardiopulmonary
resuscitation may be in a dangerous grey zone, where providers may delay aggressive or
invasive therapies while discussions are ongoing and thereby increase the likelihood of
cardiac arrest necessitating resuscitation. Although in many of these cases, forgoing
aggressive interventions may be in the patient’s best interest, the misalignment in goals-of-
care may need to be addressed by earlier conversations about prognosis and feasible goals
between clinicians, patients, and families so as to avoid a situation in which intubation is
delayed but cardiopulmonary resuscitation is provided after an arrest.

In this cohort of ICU-CAs, bedside nurses and trainee physicians/APCs were equally likely
to report awareness of a patient’s clinical decompensation prior to ICU-CA. Attending
physicians, in contrast, were significantly less likely to report being aware of that
decompensation. In review of these cases, the expert panel found that failure to alert the
attending physician to patient decompensation contributed to some of the delays in care
escalation described in the preceding paragraph, highlighting one area where team
communication may be improved. It is additionally notable that preventable arrests were
more likely to occur early in a patient’s ICU course—when patients are acutely ill and less
well known to clinical teams. We speculate that timely communication and response to
clinical deterioration may be the most impactful when applied during this critical period.

The strengths of this study include its prospective design and the incorporation of both
expert review and front-line clinician experience into the preventability assessment for ICU-
CA. The prospective nature of the study ensured complete capture of all ICU-CA’s
occurring during the study period and allowed expert reviewers to assess data in real-time
without reliance on archived data sources (which often lose some granularity in the
archiving process). Drawing on the combined experience of independent expert reviewers
and front-line clinical providers (including trainee and attending physicians, APCs, and
nurses) allowed the investigators to obtain a more complete understanding of the events
surrounding each ICU-CA.
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This study also had a number of limitations. First, the agreement amongst expert reviewers
regarding ICU-CA preventability was only ‘fair’, which speaks to the difficulty and
subjectivity of assessing cardiac arrest preventability. Notably, other studies assessing
cardiac arrest or death preventability in critically ill populations have also struggled with
below optimal rates of agreement amongst reviewers.16:17 Experts were also generally not
involved in the direct care of the ICU-CA patients and nuances of clinical decision making
may have been missed. An additional limitation is that the number of survey respondents
varied across ICU-CAs, with some surveys having only a single respondent. Further, we
included only cases in this study where ICU-CA occurred. There may be a number of cases
in which the same themes (e.g. delayed intubation) would be identified but without a
consequent ICU-CA. Finally, the single-center design of this study limits generalizability to
other hospital systems.

Overall, our results highlight that many ICU-CAs have potentially preventable elements and
that recurring themes of preventability can be identified. These results run counter to the
paradigm that critically ill patients are closely monitored and therefore ICU-CAs are
generally not preventable. We have begun work to address these themes of preventability
through an educational initiative and an ICU based clinical trigger-and-decision aid

program. Future work should assess the generalizability of the themes identified in this study
at other institutions and explore ways to reduce the incidence of preventable ICU-CA across
other centers.

Conclusions

Cardiac arrests which occur in the ICU, despite intensive monitoring and staffing, may have
elements of potential preventability. Consideration of these themes may help identify
opportunities for interventions to avoid cardiac arrest.
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To what degree do you believe the cardiac arrest
was preventable had earlier action been taken?

0101010]0

Not at all ) Completely
preventable preventable

Fig. 1 -.
Preventability scale.
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20+

Number of Arrests

Fig. 2 -

Tk?emes of preventability as determined by the expert panel.

The number of arrests in which at least one expert review identified the contributor to arrest
preventability. Only contributors identified in at least one arrest are included in this graph to
allow for readability. Solid color bars represent a priori defined contributors and speckled
bars represent novel contributors identified during expert review of the cases. Only ICU-CAs
identified as at least ‘unlikely but potentially’ preventable are included.
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