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Abstract

Aim: Determine the frequency with which computed tomography (CT) after out-of-hospital
cardiac arrest (OHCA) identifies clinically important findings.

Methods: We included non-traumatic OHCA patients treated at a single center from February
2019 to February 2021. Clinical practice was to obtain CT head in comatose patients.
Additionally, CT of the cervical spine, chest, abdomen, and pelvis were obtained if clinically
indicated. We identified CT imaging obtained within 24 hours of emergency department (ED)
arrival and summarized radiology findings. We used descriptive statistics to summarize population
characteristics and imaging results, report their frequencies and, post hoc, compared time from ED
arrival to catheterization between patients who did and did not undergo CT.

Results: We included 597 subjects, of which 491 (82.2%) had a CT obtained. Time to CT
was 4.1 hours [2.8-5.7]. Most (1 = 480, 80.4%) underwent CT head, of which 36 (7.5%)

had intracranial hemorrhage and 161 (33.5%) had cerebral edema. Fewer subjects (230, 38.5%)
underwent a cervical spine CT, and 4 (1.7%) had acute vertebral fractures. Most subjects (410,
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68.7%) underwent a chest CT, and abdomen and pelvis CT (363, 60.8%). Chest CT abnormalities
included rib or sternal fractures (227, 55.4%), pneumothorax (27, 6.6%), aspiration or pneumonia
(309, 75.4%), mediastinal hematoma (18, 4.4%) and pulmonary embolism (6, 3.7%). Significant
abdomen and pelvis findings were bowel ischemia (24, 6.6%) and solid organ laceration (7, 1.9%).
Most subjects that had CT imaging deferred were awake and had shorter time to catheterization.

Conclusions: CT identifies clinically important pathology after OHCA.

Keywords
Cardiac arrest; Heart arrest; Computed tomography; Injuries

Introduction

Emergency medical services respond to more than 347,000 adult out-of-hospital cardiac
arrests (OHCA) annually.! For patients who survive to Emergency Department admission,
diagnostic testing can identify the etiology of arrest, trauma from chest compressions such
as rib fractures or pneumothorax, and consequences of pulselessness including cerebral
edema and bowel ischemia.2=® Both etiology and sequelae of arrest can inform early
management and predict overall prognosis for recovery.>7-10 European Resuscitation
Council guidelines for post-resuscitation care support obtaining a brain CT in comatose
post-arrest patients,1 but no recommendations are made regarding other cross-sectional
imaging.

A prospective, single-center cohort of patients resuscitated from OHCA found head-to-
pelvis CT identified injuries associated with resuscitation in 81% of cases, with nearly 1

in 7 being time-critical findings requiring intervention.? Other observational studies found
that early CT after OHCA can expedite the diagnosis of potential causes of arrest and can
affect clinical management.1213 A limitation of prior work has been small sample sizes,
limiting ability to estimate prevalence and clinical significance of less common radiographic
findings. The aim of the current study is to describe the frequency of radiographic findings
on post-resuscitation imaging for a large population of OHCA patients. We hypothesized
that early cross-sectional imaging identifies clinically important pathology. As a post hoc
comparison, we evaluated time to cardiac catheterization in patients that underwent cross-
section imaging prior to catheterization or had imaging deferred.

Methods

Study population

The University of Pittsburgh Human Research Protection Office approved this retrospective,
observational case-series (STUDY19020205). We identified consecutive patients with return
of spontaneous circulation after OHCA or in emergency department (ED) arrest treated

at our academic medical center from February 2019 to February 2021. We excluded

patients <18 years of age, those who presented >24 hours after arrest, patients with a
traumatic etiology of arrest, and patients who did not suffer a true cardiac arrest upon
subsequent review of prehospital records. To describe our cohort, we abstracted patient
demographics including age, sex, race, and ethnicity, arrest characteristics, etiology of
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arrest categorized as cardiac, respiratory, neurological, or other,’ Pittsburgh Cardiac Arrest
Category, cardiac catheterization results when performed, survival to hospital discharge, and
Cerebral Performance Category at hospital discharge from our prospective registry.14-16

CT acquisition and review

Our Post Cardiac Arrest Service (PCAS) evaluated patients on arrival to the ED and directed
ongoing resuscitation and diagnostic workup. During the study period, our practice was to
obtain non-contrast head CT in all patients with coma, and consider CT of the cervical
spine, chest with pulmonary angiogram, and abdomen and pelvis based on clinical situation.
We did not acquire coronary or intra-arrest CT in this patient population. We used a GE
lightspeed VVCT 64 channel scanner (128 KVVP and 225 mA) during the study period.

Four co-investigators reviewed radiology interpretations of both contrasted and unenhanced
CT imaging for each patient. We extracted acute findings from reports of images obtained
within the first 24 hours of arrival after OHCA. When multiple images of the same region
were obtained within 24 hours, we only considered the images obtained most proximate to
arrest. We defined time to CT as date and time listed on the first image Digital Imaging and
Communications in Medicine subtracted by date and time of cardiac arrest. Given our center
receives a high volume of interfacility transfers and potential for transfer delay or distance
influencing time from arrest to catheterization, we defined time to catheterization as time

the patient was received by the catheterization laboratory subtracted by time of arrival to our
facility or, in case of arrest in our ED rather than transfers, time of arrest. We did not abstract
reports from facilities outside our health system. We defined radiographic findings a priori
based upon group consensus for this study listed in Supplemental Table 1. To determine if
there were common features associated with cervical spine injury, we separately reviewed

all medical records, arrest characteristics, and circumstances around collapse for cases where
acute cervical fractures were identified.

Statistical analysis

Results

We report mean with standard deviation (SD) and median with interquartile range [IQR]

for continuous variables as appropriate. We report number, with corresponding percentages,
and calculated 95% confidence intervals (Cl) for each radiographic finding. The frequency
of findings was defined by the number of patients with a finding among patients who

had imaging of that body region. For diagnoses that require contrast, we report frequency
among patients that had contrasted imaging. We report survival rate for each radiographic
finding encountered. Finally, post hoc, we compared time to cardiac catheterization between
subjects that underwent CT imaging prior to catheterization and those who did not using
Wilcoxon rank sum test. We performed all analyses in STATA Version 17 (College Station,
Texas, USA).

A total of 653 OHCA patients were treated at our facility during the study period, of whom
56 met exclusion criteria (Fig. 1), leaving 597 for analysis. Mean age was 60 years (SD
15.5) and 185 (31.0%) had an initial shockable rhythm (Table 1). Median CPR duration
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was 20 [IQR 11-35] minutes and 500 (83.8%) subjects were comatose on presentation. A
minority of patients (PCAC | n= 97, 16.6%) were awake on arrival. Most subjects (7= 570,
95.5%) survived to hospital admission and had at least one CT obtained (1= 497, 82.2%).
Median time to CT imaging was 4.1 hours [2.7 — 5.7] after cardiac arrest.

Intracranial hemorrhage (36, 7.5% [95%CI 5.3-10.2%]) and cerebral edema (161, 33.5%
[95%C1 29.3-37.9%]) were common findings among subjects who underwent brain imaging
(n =480, 80.4%) (Table 2). Six of the identified intracranial hemorrhages were thought to be
due to trauma (i.e., collapse) unrelated to etiology of arrest. Of those who had intracranial
hemorrhage, 4 (11.1%) survived to hospital discharge and of those for whom a radiologist
interpreted there to be cerebral edema, 6 (3.7%) survived to hospital discharge.

Among subjects who had cervical spine CT imaging (7= 230, 38.5%), 4 (1.7% [95%ClI
0.4-4.3%]) had vertebral fractures. None of the 4 patients with cervical fractures survived to
hospital discharge. Details of these patients are in Table 3.

Thoracic pathologies identified on CTs of the chest (7= 410, 68.7% of subjects) included
aspiration or possible pneumonia (309, 75.3% [95%CI 70.9-79.5%]), rib or sternal fractures
(227, 55.3% [95%CI 50.4-60.2%]), and pulmonary edema (76, 18.5% [95%CI 14.9-
22.6%]). Less frequent findings included pneumothorax (27, 6.6% [95%CI 4.4-9.4%),
endotracheal tube malposition (23, 5.6% [95%CI 3.6-8.3%]), mediastinal hematoma (18,
4.4% [95%CI 2.6-6.8%)]), pericardial effusion (13, 3.2% [95%CI 1.7-5.4%]), pulmonary
embolism (6, 3.7% [95%CI 1-5.9%]), hemothorax (9, 2.2% [1.0-4.1%]), hemopericardium
(4, 0.9% [95%CI 0.2—-2.5%]), and aortic dissection (1, 0.5% [95%CI 0.1-2.5%]). Clinical
outcomes varied with each pathology (Table 2).

For subjects who had a CT abdomen and pelvis performed (7= 363, 60.8%), identified
pathologies included bowel ischemia (24, 6.6% [95%CI 4.3-9.7%]), possible urinary tract
infection (12, 3.3% [95CI 1.7-5.7%]), pancreatitis (9, 2.5% [95%CI 1.1-4.7%]), and
splenic or liver laceration (7, 1.9% [95%CI 0.8-3.9%]). Less frequent findings included
retroperitoneal hematoma (5, 1.4% [95%CI 0.4-3.2%]), hemoperitoneum (4, 1.1% [95%CI
0.3-2.8%]), and pneumoperitoneum (1, 0.2% [95%CI 0.0-1.5%]). No patients with bowel
ischemia survived to hospital discharge (Table 2).

A total of 112 subjects (18.8%) underwent a cardiac catheterization during the index
hospitalization of which 29 (25.9%) had no imaging in the first 24 hours, 13 (11.6%) had
imaging obtained after catheterization, and 70 (62.5%) had imaging prior to catheterization.
Median time to catheterization from arrival to our facility overall was 2.9 hours [1.6 —

14.5]. Subjects with imaging obtained prior to catheterization were less often awake (imaged
subjects PCAC | n= 11, 28.9%; not imaged subjects PCAC | n= 27, 71.1%) and had longer
times to intervention (imaged subjects median 4.6 hours [1.9 — 18.2]; not imaged subjects
median 1.9 hours [1.1 - 3.7], pvalue < 0.001).

Discussion

Clinically important pathology related to cardiac arrest and resuscitation are frequently
present on cross-sectional CT imaging. Cerebral edema based on qualitative radiology
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interpretation was present in 1 in 3 patients in whom head CT was obtained. Prior studies
report rates of cerebral edema between 16% and 30%,17:18 differences that may be due to
timing of imaging and subjectivity on interpretation.1® Similar to our findings, intracranial
hemorrhage is identified in 5% of patients resuscitated from OHCA.# Thoracoabdominal
findings included pathology such as rib fracture, pneumothorax, pulmonary embolism, liver/
spleen injury, and bowel ischemia, all which inform post-arrest management. Subjects that
had imaging obtained prior to cardiac catheterization had longer times to catheterization,
though relatively few subjects underwent catheterization in our cohort. Moreover, most
subjects that went direct to catheterization were awake. Decision making regarding
catheterization in resuscitated cardiac arrest patients is complex and dependent on history,
hemodynamic and electrical stability, and neurological considerations not fully captured

in our data. Head to pelvis cross-sectional CT imaging may be considered not only to
assess underlying etiology of arrest but also sequela of cardiopulmonary resuscitation.
However, non-trivial risks of imaging such as delays to time critical interventions such

as catheterization as well as radiation exposure are not addressed by this analysis but should
be considered.20

Cervical spine injuries were identified on dedicated cervical imaging in patients who were
found on the ground or who had a history suggesting a fall from a standing position.

There are case reports describing similar encounters, but they have not been described in
larger cohorts.?! Patients are often found on the ground in arrest, unknown if they fell from
standing. Clinicians should have a high index of suspicion for possible cervical injury when
history is clear that the patient fell from standing or circumstances pertaining to the arrest
are unknown.

Chest wall injuries are common after resuscitation, require pain control, aggressive
pulmonary hygiene, and are an important consideration for ventilator weaning and
liberation. Rib fractures are a risk factor for pneumonia in the post-resuscitation period.22
Respiratory failure is a common etiology of OHCA, and providers note aspiration of gastric
contents in over 30% of out of hospital resuscitation.”:6 Chest compressions alone can cause
pulmonary consolidation and edema.23 Over 70% of chest images were interpreted as having
aspiration and/or pneumonia. Chest imaging abnormalities are common, but agreement
regarding underlying cause as aspiration, pneumonia, or contusion is poor.24 Chest x-ray or
ultrasound can identify rib fractures and consolidations, though excluding diagnoses such as
pulmonary embolism prior to intensive care unit admission may add value in patients with
hemodynamic instability or deterioration.

Intra-abdominal findings such as solid organ injuries may require surgical control and

affect decisions about anticoagulation or antiplatelet drugs. It is common for patients in

the immediate post-arrest period to be comatose, pharmacologically sedated or paralyzed,
making abdominal examination unreliable. Consistent with our data, a previous retrospective
study found clinically unexpected intraabdominal injuries in many resuscitated OHCA
patients.2> All patients with bowel ischemia in our cohort died. Radiographically apparent
intestinal ischemia likely reflected prolonged arrest in these patients.
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This study has several limitations. This is an analysis of observational data from a single
high volume cardiac arrest center which limits generalizability of our results. While many
subjects had CT imaging, there was variability of anatomical regions imaged and use

of contrast. Pertinent history or physical exam findings that influence choice of imaging
were not available in our data. Thus, our current analysis may overestimate the actual
incidence of findings in OHCA patients. For example, the prevalence of cerebral edema in
our cohort reflects our local imaging practice which overestimates edema when considering
all resuscitated cardiac arrest patients but approximates prevalence in those with coma.
Moreover, it is unclear if diagnoses such as ruptured intracranial aneurysm were clinically
suspected by history that then prompted imaging. Cervical spine imaging was obtained in a
minority of patients and prevalence of acute cervical spine fractures reflects prevalence in
those with coma and collapsed during arrest or where circumstances surrounding arrest are
unclear. Prospective studies of CT imaging protocols are needed to address these limitations.

Conclusions

Early cross-sectional imaging identifies clinically important findings in patients resuscitated
from non-traumatic OHCA.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Out of hospital cardiac arrest patients treated
between February 2019 and February 2021
assessed for eligibility
(n=653)
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(n =56)
> o Traumatic etiology of arrest (n = 19)
* Not cardiac arrest (n = 21)
e Arrive >24 hours after arrest (n = 16)
e Age<18(n=0)
Included in analysis
(n=597)
CT Chest :
i D T A ot
n=4 €ervical spine Non-contrasted (n = 153) .
Non-contrasted (n = 480) (n =230) Venous contrast (n = 32) \'/\l e%rgﬁ:rg;f::gt(&__‘%%
Contrasted (n = 72) PE protocol (n = 218) .

Aorta protocol (n =7)

Fig. 1 —. Study inclusion.

Angiogram (n = 14)
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