
R E S U S C I T A T I O N 1 8 8 ( 2 0 2 3 ) 1 0 9 7 8 5
Available online at ScienceDirect

Resuscitation
journal homepage: www.elsevier.com/locate/resuscitation
Clinical paper
Diagnostic yield, safety, and outcomes

of Head-to-pelvis sudden death CT imaging

in post arrest care: The CT FIRST cohort study
https://doi.org/10.1016/j.resuscitation.2023.109785

Received 16 January 2023; Received in Revised form 8 March 2023; Accepted 26 March 2023

0300-9572/� 2023 Elsevier B.V. All rights reserved.

Abbreviations: CT, computed tomography, CT, FIRST - CT Feasibility In Resuscitated patients for Sudden death Triage, EC

electrocardiogram, IQR, i‘nterquartile ratio, OCHA, out of hospital cardiac arrest, SDCT, sudden death CT scan, SOC, standard of care

* Corresponding author at: Box 356422/Cardiology, University of Washington Medical Center, 1959 NE Pacific St, Seattle, WA 98195, USA.

E-mail address: kbranch@uw.edu (K.R.H. Branch).
Kelley R.H. Branch a,*, Medley O. Gatewood b, Peter J. Kudenchuk a, Charles Maynard c,

Michael R. Sayre b, David J. Carlbomd, Rachel M. Edwards e, Catherine R. Counts b,

Jeffrey L. Probstfield a, Robin Brusen f, Nicholas Johnson b, Martin L. Gunn e,g
Abstract
Aim: Our aim was to test whether a head-to-pelvis CT scan improves diagnostic yield and speed to identify causes for out of hospital circulatory

arrest (OHCA).

Methods: CT FIRST was a prospective observational pre-/post-cohort study of patients successfully resuscitated from OHCA. Inclusion criteria

included unknown cause for arrest, age >18 years, stability to undergo CT, and no known cardiomyopathy or obstructive coronary artery disease.

A head-to-pelvis sudden death CT (SDCT) scan within 6 hours of hospital arrival was added to the standard of care for patients resuscitated from

OHCA (post-cohort) and compared to standard of care (SOC) alone (pre-cohort). The primary outcome was SDCT diagnostic yield. Secondary out-

comes included time to identifying OHCA cause and time-critical diagnoses, SDCT safety, and survival to hospital discharge.

Results: Baseline characteristics between the SDCT (N = 104) and the SOC (N = 143) cohorts were similar. CT scans (either head, chest, and/or

abdomen) were ordered in 74 (52%) of SOC patients. Adding SDCT scanning identified 92% of causes for arrest compared to 75% (SOC-cohort; p

value < 0.001) and reduced the time to diagnosis by 78% (SDCT 3.1 hours, SOC alone 14.1 hours, p < 0.0001). Identification of critical diagnoses

was similar between cohorts, but SDCT reduced delayed (>6 hours) identification of critical diagnoses by 81% (p < 0.001). SDCT safety endpoints

were similar including acute kidney injury. Patient survival to discharge was similar between cohorts.

Discussion: SDCT scanning early after OHCA resuscitation safely improved the efficiency and diagnostic yield for causes of arrest compared to the

standard of care alone.

Clinical Trials Number: NCT03111043.

Keywords: Out of hospital cardiac arrest, Resuscitation, Cardiac computed tomography, Head computed tomography, Abdominopelvic
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Introduction

Out of hospital circulatory arrest (OHCA) is common, occurring in

approximately 89 per 100,000 individuals in the Unites States.1 After

successful resuscitation, past medical history, prodromal and ongo-

ing symptoms are often unknown due to obtundation and intubation.2

In patients without an obvious cause for OHCA on hospital arrival,
termed idiopathic OHCA, guideline-based standard of care includes

electrocardiogram (ECG), chest radiography, metabolic evaluation,

head CT, and echocardiography.3–6 More recently, the European

Society of Cardiology guidelines suggest that chest CT should also

be considered when this initial evaluation are not consistent with a

cardiac cause.7 Additional evaluations including imaging are ordered

at the discretion of the treating physicians, including CT scans.8–10
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While this approach allows for tailored clinical evaluation, heteroge-

nous patient evaluation can adversely affect diagnosis and treatment

decisions in these critically ill individuals.

The CT Feasibility In Resuscitated patients for Sudden death

Triage (CT FIRST) observational study prospectively enrolled 104

patients to undergo a head-to-pelvis sudden death CT (SDCT) scan

and identified a cause for OHCA in 39% of patients as well as a high

proportion of patients with resuscitation complications.11–13 How-

ever, the incremental benefit and safety of routine SDCT scanning

compared to a contemporary standard of care (SOC) cohort has

not been explored.

The current study was a planned prospective pre-/post-analysis

of successfully resuscitated patients with idiopathic OHCA. The

study compared the standard of care alone (Pre-cohort or SOC-

cohort) to the addition of an SDCT scan within 6 hours of hospital

arrival (Post-cohort or SDCT-cohort) in addition to the standard of

care. The primary endpoint of this study was diagnostic SDCT scan

yield. Secondary outcomes included and time to diagnosis, SDCT

scan safety, and patient survival and neurologic outcome at hospital

discharge.

Methods

The CT FIRST study design was a prospective observational pre-

and post-cohort study of patients successfully resuscitated from an

idiopathic OHCA event (NCT 03111043. https://clinicaltrials.gov/

ct2/show/NCT03111043). The pre-cohort (SOC alone) cohort

included patients successfully resuscitated from OHCA from January

2014 to December 2015 and treated with standard post-arrest care in

two academic hospitals. The post- or SDCT-cohort included patients

that underwent a head-to-pelvis SDCT scan in addition to the stan-

dard of care from December 2015 to February 2018. Post-arrest

treatment protocols otherwise remained similar during the 2014–

2018 study period. Consent was obtained from the patient or the next

of kin, or waived if subsequently never awakening and without an

identifiable legally authorized representative. Consent was waived

for the SOC-cohort under minimal risk criteria. This study was con-

ducted in accordance with the amended Declaration of Helsinki,

adhered to HIPAA requirements, and was approved by the University

Human Subjects Division. This study was supported by a research

grant from the Medic One Foundation (Seattle, WA, USA).

Inclusion and Exclusion Criteria. Inclusion and exclusion criteria

were reviewed previously (Supplemental Table 1).11 Important inclu-

sion criteria were 1) patients successfully resuscitated from OHCA

upon reaching the Emergency Department and 2) had a SDCT

(SDCT-cohort) or could undergo SDCT scanning (SOC-cohort) in

the judgement of the research team within 6 hours of hospital arrival.

Exclusion criteria included 1) obvious cause for OHCA prior to SDCT

or on hospital arrival (SOC-cohort), 2) indication for emergent inva-

sive coronary angiography or had invasive coronary angiography

within 1 hour of arrival (SOC-cohort), 3) known obstructive coronary

disease or known coronary stent <2.5 mm if previously successfully

treated for obstructive coronary disease, 4) known cardio defibrilla-

tor, 4) known pre-existing Do Not Resuscitate order. Severe renal

dysfunction (estimated glomerular filtration rate 1–30 ml/min/1.73 m
2) was an exclusion criteria for the SDCT-cohort, although patients

could undergo a clinical CT scan at the judgement of their treating

physicians. A substantial number of patients had eGFR from 1 to

30 mg/min/1.72 m2 that underwent a clinically ordered SDCT
(n = 14/104). To control for this in the SOC-cohort, we included a

similar number of renal dysfunction patients who would otherwise

be potential candidates for SDCT scanning, essentially removing this

exclusion from the SOC-cohort. The CONSORT diagram of study

patients is outlined in Fig. 1.

SDCT scanning and analysis. The SDCT scan protocol has been

reviewed in detail previously.14 SDCT scanning was performed on

either a dual source CT (FORCE, Siemens Medical Solutions, Forch-

heim, Germany) or a wide single detector CT (REVOLUTION, GE

Healthcare, Waukesau, WI). Given the potential for hemodynamic

instability, there was no pre-treatment with beta blockade nor nitro-

glycerin for coronary CT evaluation. The SDCT scan protocol con-

sisted of three CT scans: 1) a non-contrast head CT, 2)

retrospective ECG-gated thoracic CT contrast angiogram for most

of the cardiac cycle (initially 20–90% and later 30–80% of the cardiac

cycle to reduce radiation dose), and 3) a venous phase, non-ECG

gated, spiral abdominal and pelvis CT. A triple phase iodinated intra-

venous contrast protocol with either iodixanol or iohexol was used to

enhance the coronary arteries, pulmonary arteries, and thoracic

aorta.15 Cardiac CT results, including coronary CT angiographic

data, were not provided to the treating physicians due to inability to

optimize coronary CT imaging. All other CT data were clinically avail-

able to the radiologists and treating physicians in real time. Head,

coronary, cardiac, thoracic and abdominopelvic CT scans were read

independently by 2 physicians (cardiac CT K.R.B. and R.B with 15

and 2 years’ experience, all other CT’s M.G, R.E. with 15 and

12 years of experience respectively). All physicians were blinded to

the patient history and reading discrepancies were resolved by con-

sensus. The physicians generated a adjudicated list of causes for

OHCA based on SDCT scan data; the most likely cause was

deemed the SDCT cause for OHCA.

Clinical data. Clinical data were obtained from the prehospital and

hospital medical records. Other than the SDCT scan in the SDCT-

cohort, there were other no other recommended treatment protocols.

Patient characteristics, resuscitation parameters, selected laboratory

values (including cardiac troponin-I and lactate levels), target tem-

perature management, and any post-arrest hospital treatments and

procedures were abstracted. All imaging data, including any other

CT scan data, were also abstracted.

Potential causes for the OHCA event were adjudicated by two

physicians (K.R.B. and M.G.) with access to all records, including

the SDCT scan. The most likely diagnosis by adjudication was con-

sidered the presumed clinical diagnosis for the OHCA event. “Time-

critical” diagnoses were defined a priori to the study and included

acute coronary syndrome or obstructive coronary artery disease

(�50% coronary stenosis in a major coronary artery), pulmonary

embolism, aortic dissection, pneumothorax, cerebrovascular acci-

dent (hemorrhagic or thrombotic), abdominal catastrophe, pneumo-

nia (excluding presumed resuscitation aspiration), and critical

resuscitation complications of internal or organ bleeding.

The primary outcome measure was the diagnostic yield of SDCT

protocol compared to the standard of care to identify the cause for

OHCA event. Diagnostic yield was defined as the number of patients

with an adjudicated diagnosis that was the presumed cause for

OHCA. Secondary outcomes included the time to adjudicated OHCA

diagnosis, percentage of correct diagnoses by SDCT or by any CT

scan as part of the standard of care, diagnosis of time critical diag-

noses by SDCT scan compared to the standard of care, any delayed

diagnosis >6 hours from hospital arrival and safety of SDCT scan-

ning. The time to diagnosis was defined at the time at which a labo-

https://clinicaltrials.gov/ct2/show/NCT03111043
https://clinicaltrials.gov/ct2/show/NCT03111043


Fig. 1 – Diagram of patients included in the SOC- and SDCT-cohorts.
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ratory value, procedure, or scan was completed that led to the OHCA

cause or the time of a progress note listing the diagnosis. If no diag-

nosis was made, then the time of discharge or death was used. The

safety of SDCT scanning was defined as the combination of either

acute kidney injury at 48 hours as defined by Acute Kidney Injury

Network,16 allergic contrast reactions17 or CT complications (e.g.,

extubation or line extravasation), and CT findings leading to inappro-

priate treatments. Pre-specified secondary analyses examined hos-

pital outcomes including survival to and neurologic status by

Cerebral Performance Category at hospital discharge.

Statistical analysis. Continuous variables were reported as

mean and standard deviation or median and interquartile ratio

(IQR) depending on the normality of data. Binary variables were

reported as number and percent. The Student t-test and the Wil-

coxon rank sum test were used for comparing continuous variables
by dichotomous variables (such as SDCT versus SOC-cohort); the

former was used for normally distributed variables and the latter for

non-normally distributed variables. The Chi-square statistic was

used to compare independent categorical variables and dependent

categorical variables. Diagnostic yield results for SDCT were tabu-

lated by comparing the most likely diagnosis for OHCA by physician

adjudication as compared to the diagnosis by SDCT. Linear regres-

sion was used for time to diagnosis and logistic regression for sur-

vival to hospital discharge. The outcomes of time to OHCA

diagnosis and survival to hospital discharge underwent prespecified

regression adjustment for patient age, gender, initial cardiac

rhythm, and witnessed or non-witnessed OHCA status. SPSS ver-

sion 19 was used for statistical analysis. P < 0.05 was considered

statistically significant. Analyses were not adjusted for multiple

comparisons.
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Results

The cohort diagram outlines subject inclusion in Fig. 1. For the SOC-

cohort, of the 273 patients admitted after resuscitation from OHCA,

143 met criteria for idiopathic OHCA and could have undergone

SDCT scanning. These included 29 (20%) of otherwise eligible

patients with low eGFR of 1–30 ml/min/1.73 m2. For the SDCT-

cohort, of the 307 patients admitted after resuscitation from OHCA,

111 patients underwent SDCT. After exclusion of 7 patients, 104

patients were included in the SDCT-cohort. These included 14

(13%) of clinically scanned patients with low eGFR of 1–30 ml/mi

n/1.73 m2. Because the SDCT scans were clinically ordered, some

eligible patients were not scanned in the SDCT-cohort. Baseline

characteristics are in Table 1. Subjects were well matched overall

although the SDCT-cohort had significantly higher proportion of

patients with prior valvular heart disease, higher rate of bystander

CPR, and different locations of arrest. The baseline labs were well

matched between cohorts (Supplemental Table 2).
Table 1 – Baseline Characteristics for SDCT and SOC-coh

Characteristic SDCT-coh

(n = 104)*

N (%) or m

Age (years) 5515

Female 30 (29%)

Medical History

Hypertension 38/96 (40%

Dyslipidemia 15/96 (16%

Known heart failure 12/96 (12%

Left ventricular ejection fraction < 40% 13/72 (18%

History of long QT 1/95 (1%)

Diabetes mellitus 19/96 (20%

Smoking (Current/Former) —

History of coronary artery disease 12/96 (12%

Prior myocardial infarction 7/96 (7%)

History of coronary revascularization or stent 5/96 (5%)

History of cardiac arrest 2/96 (2%)

Prior valvular disease 5/96 (5%)

Prior stroke 6/96 (6%)

History of chronic kidney disease 12/96 (12%

Race

White 61 (59%)

Black 15 (14%)

Native American 3 (3%)

Asian 8 (8%)

Other/unknown 17 (16%)

Location of arrest

Home 43 (43%)

Public 17 (17%)

Nursing home 28 (28%)

Medical facility 8 (8%)

Other 3 (3%)

Witnessed arrest 59/99 (60%

Bystander CPR 57/99 (58%

Initial rhythm

VF/VT 30 (29%)

Asystole 26 (25%)

Pulseless electrical activity 40 (39%)

Other/Unknown 8 (8%)

*Complete data were available only for 102 CT FIRST and 137 Control cohort p

ventricular tachycardia.
Post-arrest care was similar between the cohorts (Table 2), with

all patients having at least one ECG and nearly all having echocar-

diography. Invasive coronary angiography was performed more com-

monly in the SDCT-cohort despite the cardiac CT data being blinded,

but procedure utilization was otherwise similar between cohorts. At

least one type of CT imaging was ordered clinically in over half of

patients in the SOC-cohort, with most patients having a non-

contrast head CT. No patients in the SOC-cohort had the equivalent

of an SDCT scan protocol. Adjudicated presumed causes of OHCA

are listed by cohort in Table 3.

Primary and Secondary Outcomes: The primary and secondary

outcomes are listed in Table 4 and graphically in Fig. 2. For the pri-

mary outcome, the combination of SDCT and the SOC identified

92% of presumptive causes for OHCA, 17% more than the SOC

alone (diagnostic yield of 75% to identify causes of OHCA; unad-

justed p value < 0.0001, adjusted p value < 0.001). SDCT identified

causes for OHCA in 40 (38%) patients and only SDCT identified

causes for OHCA in 13 (13%) of patients. In the SOC-cohort, 24
orts.

ort

ean (SD)

SOC-cohort

(n = 143)*

N (%) or mean (SD)

P-value

5214 0.12

52 (36%) 0.22

) 54/129 (42%) 0.93

) 10/129 (8%) 0.17

) 18/129 (14%) 0.44

) 26/96 (27%) 0.17

0/129 (0%) -

) 24/129 (19%) 0.95

—

) 16/129 (12%) 0.32

10/129 (8%) 0.56

4/129 (3%) 0.45

5/129 (4%) 0.57

1/129 (0.8%) 0.043

10/129 (8%) 0.89

) 12/129 (9%) 0.17

0.10

95 (66%)

17 (12%)

6 (4%)

16 (11%)

9 (6%)

<0.0001

56 (39%)

33 (23%)

41 (29%)

8 (6%)

55 (4%)

) 84/143 (59%) 0.95

) 57/143 (40%) 0.007

0.53

44 (31%)

39 (27%)

55 (38%)

5 (4%)

atients. CPR = cardiopulmonary resuscitation; VF/VT = ventricular fibrillation/



Table 2 – Procedures performed during hospitalization.

SDCT-cohort

(n = 104)

SOC-cohort

(n = 143)

P-value

Procedure N (%) N (%)

Any CT scan (contrast or non-contrast) 104 (100%) 120 (84%) <0.0001

CT head 104 (100%) 116 (81%) <0.0001

CT chest 104 (100%) 52 (36%) <0.0001

CT abdomen 104 (100%) 26 (18%) <0.0001

Mechanical CPR device 28 (27%) 25 (17%) 0.06

Targeted temperature management 77 (74%) 105 (73%) 0.91

Electrocardiogram 104(100%) 143 (100%) —

Echocardiogram 72 (69%) 96 (67%) 0.90

Coronary angiogram 31 (30%) 30 (21%) 0.11

Brain MRI 37 (36%) 51 (36%) 0.82

CT = computed tomography, CPR = cardiopulmonary resuscitation, MRI = magnetic resonance imaging, SDCT = sudden death computed tomography,

SOC = standard of care.

Table 3 – Adjudicated OHCA Etiology.

Etiology (final diagnosis) SDCT-cohort

(n = 104)

SOC-cohort

(n = 143)

Diagnosable by SDCT N (%) N (%)

Myocardial infarction 14 (13%) 18 (13%)

Pulmonary embolism 5 (5%) 3 (2%)

Aortic dissection 0 (0%) 1 (1%)

Pneumonia 9 (9%) 4 (3%)

Heart failure 6 (6%) 12 (8%)

Valvular 2 (2%) 0 (0%)

Embolic cerebral vascular accident 0 (0%) 4 (3%)

Hemorrhagic cerebral vascular accident 2 (2%) 3 (2%)

Abdominal catastrophe 3 (3%) 1 (1%)

Not Diagnosable by CT

Asthma 5 (5%) 4 (3%)

Overdose-alcohol 5 (5%) 4 (3%)

Overdose-drugs 18 (17%) 34 (24%)

Seizure 6 (6%) 1 (1%)

Electrolyte 6 (6%) 4 (3%)

Other 15 (14%) 12 (8%)

Not specified 0 (0%) 2 (1%)

Unknown Etiology 8 (8%) 36 (25%)

SDCT = sudden death computed tomography, SOC = standard of care.
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(17%) of OHCA causes were identified from the selective, clinically

ordered head, thoracic, or abdominopelvic CT scan. Secondary out-

come of identification of time critical diagnoses was similar between

cohorts but the number of delayed (>6 hours) time-critical diagnoses

was reduced by 81% in the SDCT-cohort (unadjusted p < 0.0001,

adjusted 0.001). The time to diagnosis (minutes) was reduced 78%

compared to SOC alone (adjusted p < 0.0001). There was no differ-

ence in survival to hospital discharge for those in the SDCT-cohort

(42%) compared to the SOC-cohort (44%; p = 0.78, Supplemental

Table 3). There were no other differences in hospital outcomes or

neurologic recovery although there was slightly better categorical

neurologic status at discharge in the SOC-cohort (p = 0.02, Supple-

mental Table 3).

Safety Outcomes. Median creatinine levels upon ED arrival

were similar at 1.26 (IQR 0.97,1.62) for the SDCT-cohort and

1.32 (IQR 1.05,2.15) for the SOC-cohort (p-value = 0.16; Supple-

mental Table 2). There were no significant differences in the med-
ian 48 hour and peak creatinine levels (Supplemental Table 2) and

no difference in acute kidney injury between the SDCT- and the

SOC-cohorts (Table 4). New renal replacement therapy was rare

and there was no difference between cohorts. There were also

no differences in renal function for those that received contrast

compared to those that did not (Supplemental Table 5) even in

those receiving both intravenous (SDCT) and intraarterial (invasive

coronary angiography) contrast. In patients with severe renal dys-

function on hospital arrival (eGFR 1–30 ml/min/1.73 m2), acute kid-

ney injury was similar between cohorts (SDCT cohort: n = 5/14,

36%. SOC cohort: n = 11/29, 38%, p = 0.89). Not surprisingly,

the incidence of acute kidney injury was numerically higher for

those with lower eGFR but there was no difference whether

patients received contrast or not (Supplemental Table 6). No aller-

gic contrast reactions occurred in either cohort, and there were no

SDCT scan complications or inappropriate treatments based on

SDCT scan findings identified.



Table 4 – Primary and Secondary Outcomes.

Outcome SDCT-cohort

(n = 104)

Median (IQR) or N

(%)

SOC-cohort

(n = 143)

Median (IQR) or N

(%)

Unadjusted p-

value

Adjusted p-

value*

Primary Outcome

Identified diagnosis for OHCA† 96 (92%) 107 (75%) <0.0001 0.001

Secondary Outcomes

Time to diagnosis (hours) 3.1 (1.4,12.9) 14.1 (2.2, 69.5) <0.0001 <0.0001

Identified time-critical diagnosis 33 (32%) 34 (24%) 0.16 0.33

OHCA diagnosis by any CT scan† 39 (39%) 24 (17%) — —

Delayed ascertainment (>6hrs) of time critical

diagnosis�
4/33 (12%) 21/34 (62%) <0.0001 0.001

Survival to hospital discharge 44 (42%) 63 (44%) 0.78 0.50

Safety Outcomes

Acute Kidney Injury 27 (26%) 34 (24%) 0.69 —
† The SDCT-cohort included likely OHCA diagnoses identified by the SDCT scan protocol as well as the SOC. SDCT diagnosed an OHCA cause exclusively in

30 (30%) of patients. Time critical diagnoses include myocardial infarction, pulmonary embolism, aortic dissection, pneumonia, embolic CVA, hemorrhagic CVA,

and abdominal catastrophe. �Delayed clinical ascertainment of time critical diagnoses by >6 hours from arrival. *Data were adjusted for age, sex, initial rhythm,

and witness status using linear regression statistical modeling. Acute kidney injury defined as >0.3 mg/dL or >50% increase in creatinine from baseline to

maximum 48 hour reading.16 CT = computed tomography, OHCA = out of hospital circulatory arrest, SDCT = sudden death computed tomography,

SOC = standard of care.

Fig. 2 – Primary outcome of diagnostic yield to identify a diagnosis for the cause of OHCA (including the overall SDCT

diagnostic yield of 38%). Secondary outcomes were time to diagnosis, number of delayed critical diagnosis greater

than 6 hours, and safety of SDCT-cohort compared to SOC-cohort. OHCA = out of hospital cardiac arrest,

SDCT = sudden death computed tomography, SOC = standard of care.
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Discussion

The CT FIRST observational cohort study showed that adding an

early SDCT scan to the standard of care increased the identification

of causes for OHCA and a significantly shortened time to OHCA

diagnosis to 3 hours compared to 14 hours. Identification of time crit-
ical diagnoses was similar although SDCT scanning decreased the

number of delayed (>6 hours) time-critical diagnoses by 81%. There

was no significant difference on survival to hospital discharge for the

SDCT-cohort. These data suggest that the addition of SDCT to the

standard of care can add significant and actionable information in

the acute post-arrest care setting.
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Patients successfully resuscitated from an OHCA event have a

high morbidity and mortality from both the underlying cause of OHCA

as well as complications from circulatory arrest and resuscitation.1

Guidelines for post-arrest care recommend ECG, laboratory analy-

ses, chest radiography, head CT, and echocardiography3–6 and most

recently, chest CT when a cardiac cause is not suspected after initial

evaluation.7 However, there are few data on the accuracy of these

and other imaging modalities to identify causes of OHCA.18 Most

of our understanding of causes of OHCA arise from autopsy data,

but whether these data are similar to those that survive OHCA is

not clear. In addition, a substantial number of patients have an

unknown cause for OHCA at discharge with the current standard

of care highlighting an unmet need.19–20 Thus, post-arrest imaging

to identify causes of OHCA as well inform further evaluation and

treatment with the current standard of care remains suboptimal.

CT scanning has been used to augment diagnostic yield in

patients resuscitated from OHCA. The Parisian Region Out of Hospi-

tal Cardiac Registry (PROCAT) showed that a clinically-indicated CT

head and CT pulmonary angiogram identified 20% of potential

OHCA causes.8 The CT scan specificity to identify OHCA causes

of was 86% while sensitivity was more modest at 54%. In patients

that survived resuscitation and initiated on extracorporeal membrane

oxygenation, a chest and pelvis CT scan identified findings in 75% of

patients that led to changes in care.21 More recently, Adel and col-

leagues and Hwang and colleagues reported their use of cross sec-

tional CT imaging in 225 and 316 patients respectively showing a

relatively high yield for potential causes for OHCA as well as resus-

citation complications.9–10 Moriwaki, et al, performed “peri-mortem”

non-contrast head and/or thorax CT scans in 849 idiopathic sudden

death survivors and found non-cardiac causes of death in 66% of

patients and of these, 22% were diagnosed only with CT scanning.

These yields are similar to our 30% yield with the SDCT scan alone

and 17% yield with clinically ordered CT scans in the SOC-cohort.22

In a meta-analysis of post-mortem CT scans, whole body CT identi-

fied causes of death with reasonable sensitivity of 79% compared

with autopsy.23 These data are encouraging and correlate to our find-

ings, although no studies utilized a head-to-pelvis scan protocol that

included ECG-gated CT coronary angiography, nor were they com-

pared to a standard of care population.

Our study showed that compared to a contemporary historical

SOC-cohort, the addition of an SDCT scan to the SOC safely

increased the diagnostic yield for causes and complications of

OHCA. The 78% reduction in time to diagnosis and the reduction

in delayed time-critical diagnoses, allowed rapid initiation of appropri-

ate treatments. In addition, SDCT demonstrated a large number of

patients without significant morphologic disease. The SDCT

informed and reassured providers that they are not missing important

pathology and can appropriately withhold ineffectual or potentially

harmful treatments. Despite these potential benefits, our study did

not demonstrate improvements in hospital survival or neurologic out-

come by adding SDCT protocol to the standard of care even after

adjustment for important baseline characteristics. These data

emphasize the complexity in post-arrest care and specifically the

minimal effect of SDCT on affecting brain death, the most common

cause of post-arrest mortality. There is a clear need for a randomized

study to further explore the potential benefits of the SDCT versus

other imaging approaches.

Higher diagnostic yield and efficiency of SDCT could also

advancements investigational post-arrest care including inpatient

arrest. SDCT may identify reversible or alterable disease states that
impact post-arrest care, such as the time-critical diagnoses above,

organ bleeding, sternal fracture, or a flail chest, that would not be

readily detected with SOC.11–13 Even non-time critical diagnoses,

such as significant rib fractures or chest wall injuries, might impact

downstream post-arrest critical care such as decisions regarding

ventilator management and liberation. These findings reduce the

likelihood that untreated causes and complications of OHCA will con-

found survival analyses with future clinical investigations. In addition,

SDCT data should reduce the misclassification of patients into a

default “cardiac” cause for OHCA. The San Francisco autopsy study

demonstrated frequent misclassification for OHCA,24 but the extent

to which this occurs in survivors of OHCA is not known. Thus, SDCT

evaluation can also inform the taxonomy of causes for OHCA and is

an important topic for further study.

SDCT Safety. A primary safety concern of CT angiography in

post-arrest care is the possibility of contrast-associated renal dys-

function. Prior studies of survivors of OHCA demonstrated that up

to 50% of patients have renal dysfunction early in post-arrest setting

although most recover.25–27 However, prior observational studies by

our group and others suggested that contrast associated nephropa-

thy was uncommon.26,28 The data demonstrated that although post-

arrest renal dysfunction was common, the incidence was the same

for SDCT and SOC cohorts and unchanged for those with and with-

out iodinated contrast exposure. There were no SDCT complications

nor erroneous findings from the SDCT that led to inappropriate

treatments.

Limitations of the current analysis include the relatively small

sample sizes and lack of randomization to SDCT scanning with a reli-

ance on clinical CT ordering. Referral bias for both SDCT scanning

and other CT scans is inevitable although the patients appeared well

matched overall for baseline characteristics between cohorts. A sub-

stantial number of patients also underwent at least one type of CT

scan in the SOC-cohort thereby obfuscating the incremental benefit

of the more comprehensive SDCT scanning. The adjudication for

causes of OHCA in the SDCT-cohort were also affected by the clin-

ical SDCT scan readings if they served as self-fulfilling for some

patients, may inflate the diagnostic yield of the SDCT protocol. A

planned prospective trial will address many of these limitations.

Conclusions

In this study comparing two cohorts, SDCT scan protocol added to

post-OHCA standard of care early after resuscitation safely improved

the time and overall diagnostic ability to determine causes for OHCA

compared to the standard of care alone. Identification of time-critical

diagnoses was similar but delayed identification of time-critical diag-

nosis was reduced with SDCT scanning. However, this did not result

in improved survival. Implementation of SDCT scanning to the criti-

cally ill resuscitated patient could focus appropriate care and restrict

potentially detrimental treatments and well-designed prospective tri-

als are needed to confirm these findings.

Conflicts of Interest

The authors have no conflicts of interest for the current manuscript.

KRHB reports grant money to University of Washington to conduct

research conceived and sponsored Bayer, Sanofi, Eli Lilly, Kestra

and has received funding personally from Bayer and Janssen for



8 R E S U S C I T A T I O N 1 8 8 ( 2 0 2 3 ) 1 0 9 7 8 5
consulting. JLP reports grant money to University of Washington to

conduct research conceived and sponsored Bayer, Sanofi, Eli Lilly.

J MOG, PJK, CM, MRS, DJC, RME, CRC, JLP, RB, NJ, MLG report

no conflict of interest. The study was supported by a grant from the

Medic One Foundation. The Medic One Foundation had no input or

contributions to the research or current manuscript.

CRediT authorship contribution statement

Kelley R.H. Branch: Conceptualization, Methodology, Validation,

Resources, Data curation, Writing – original draft, Supervision. Med-

ley O. Gatewood: Methodology, Validation, Investigation, Data

curation, Writing – review & editing. Peter J. Kudenchuk: Concep-

tualization, Writing – review & editing. Charles Maynard: Methodol-

ogy, Data curation, Formal analysis, Writing – review & editing.

Michael R. Sayre: Methodology, Writing – review & editing. David

J. Carlbom: Methodology, Writing – review & editing. Rachel M.

Edwards: Data curation, Writing – review & editing. Catherine R.

Counts: Data curation, Writing – review & editing. Jeffrey L. Prob-

stfield: Methodology, Writing – review & editing, Visualization.

Robin Brusen: Methodology, Data curation, Writing – review & edit-

ing, Visualization. Nicholas Johnson: Methodology, Writing –

review & editing. Martin L. Gunn: Conceptualization, Methodology,

Validation, Resources, Data curation, Writing – original draft,

Supervision.

Acknowledgements

We would like to thank Deborah Fly, RN and Michelle Olsufka, RN

and the additional staff of the Medic One foundation for their assis-

tance and expertise with data review, abstraction, and data entry.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.

org/10.1016/j.resuscitation.2023.109785.

Author details

aDivision of Cardiology, University of Washington, Seattle, WA,

USAbDepartment of Emergency Medicine, University of Washington,

Seattle, WA, USA cDepartment of Health Systems and Population

Health, School of Public Health and Community Medicine, University

of Washington, Seattle, WA, USA dDivision of Pulmonary, Critical

Care, and Sleep Medicine, University of Washington, Seattle,

USA eDepartment of Radiology, University of Washington, Seattle,

WA, USA fKaiser Permanente, WA, USA gTRG Imaging, Auckland,

New Zealand
R E F E R E N C E S
1. Tsao CW, Aday AW, Almarzooq ZI, Alonso A, Beaton AZ, Bittencourt

MS, et al. Heart disease and stroke statistics 2022 Update: A report

from the American Heart Association. Circulation 2022;145:

e153–639. https://doi.org/10.1161/CIR.0000000000001052.
2. Pokorna M, Necas E, Skripsky R, Kratochvil J, Andrlik M, Franek O.

How accurately can the aetiology of cardiac arrest be established in

an out-of-hospital setting? Analysis by Concordance in Diagnosis

Crosscheck Tables. Resuscitation 2011;82:391–7. https://doi.org/

10.1016/j.resuscitation.2010.11.026.

3. Al-Khatib SM, Stevenson WG, Ackerman MJ, Bryant WJ, Callans DJ,

Curtis AB, et al. 2017 AHA/ACC/HRS Guideline for Management of

Patients With Ventricular Arrhythmias and the Prevention of Sudden

Cardiac Death. Circulation 2018;138:e272–391. https://doi.org/

10.1161/CIR.0000000000000549.

4. Yannopoulos D, Bartos JA, Aufderheide TP, Callaway CW, Deo R,

Garcia S, et al. The evolving role of the cardiac catheterization

laboratory in the management of patients with out-of-hospital cardiac

arrest: A scientific statement From the American Heart Association.

Circulation 2019;139:e530–52. https://doi.org/10.1161/

CIR.0000000000000630.

5. Panchal AR, Bartos JA, Cabañas JG, Donnino MW, Drennan IR,
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