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Abstract 
 
BACKGROUND: The benefit of emergent coronary angiography after resuscitation from out-
of-hospital cardiac arrest (OHCA) is uncertain for patients without ST-segment elevation 
(STE).  The aim of this randomized trial was to evaluate the efficacy and safety of early 
coronary angiography and to determine the prevalence of acute coronary occlusion in 
resuscitated OHCA patients without STE. 
 
METHODS:  Adult (>18 years) comatose survivors without STE after resuscitation from 
OHCA were prospectively randomized in a 1:1 fashion under exception to informed 
consent regulations to early coronary angiography versus no early coronary angiography 
in this multi-center study.  Early angiography was defined as < 120 minutes from arrival at 
the percutaneous  coronary intervention capable facility.  The primary endpoint was a 
composite of efficacy and safety measures, including efficacy parameters of survival to 
discharge, favorable neurological status at discharge (Cerebral Performance Category < 2), 
echocardiographic measures of left ventricular ejection fraction >50% and a normal 
regional wall motion score of 16 within 24 hours of admission.  Adverse events included re-
arrest, pulmonary edema on chest x-ray, acute renal dysfunction, bleeding requiring 
transfusion or intervention, hypotension (systolic arterial pressure <90 mmHg), and 
pneumonia.  Secondary endpoints included the incidence of culprit vessels with acute 
occlusion. 
 
RESULTS:  The study was prematurely terminated before enrolling the target number of 
patients.  A total of 99 patients were enrolled from 2015-2018, including 75 with initially 
shockable rhythms.  Forty-nine patients were randomized to early coronary angiography.  
The primary endpoint of efficacy and safety was not different between the two groups 
(55.1% vs 46.0%; p=0.64).  Early coronary angiography was not associated with any 
significant increase in survival (55.1% vs 48.0%; p=0.55 or adverse events (26.5% vs 
26.0%; p=1.00).  Early coronary angiography revealed a culprit vessel in 47%, with a total 
of 14% of patients undergoing early coronary angiography having an acutely occluded 
culprit coronary artery.    
 
CONCLUSIONS: This underpowered study, when considered together with previous clinical 
trials, does not support early coronary angiography for comatose survivors of cardiac 
arrest without ST elevation. Whether early detection of occluded potential culprit arteries 
leads to interventions that improve outcomes requires additional study.  
 
 

CLINICAL TRIAL REGISTRATION: URL: https://www.clinicaltrials.gov.  Unique identifier: 

NCT02387398  

https://www.clinicaltrials.gov/
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Clinical Perspective 
 
What is New? 

• Early coronary angiography after cardiac arrest among patients without ST-segment 
elevation in this limited randomized study was not associated with an increase in 
survival or adverse events. 

• Patients resuscitated from out-of-hospital cardiac arrest without ST-segment 
elevation have a moderate amount of acute coronary disease, with 14% having an 
acutely occluded coronary culprit.    
 

What Are the Clinical Implications? 
• Currently, early coronary angiography for those resuscitated from out-of-hospital 

cardiac arrest but without ST-segment elevation has not been proven to improve 
outcome compared with no early coronary angiography. 

• Identifying the minority of such patients with an acutely occluded coronary needing 
timely reperfusion remains an important challenge requiring further thought and 
study. 
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Non-standard Abbreviations and Acronyms 
 

ACCESS = ACCESS to the Cardiac Cath Lab in Patients Without STEMI Resuscitated From 

Out-of-hospital VT/VF Cardiac Arrest trial 

ACCF/AHA = American College of Cardiology Foundation/American Heart Association 

ARREST = A Randomized tRial of Expedited transfer to a cardiac arrest center for non-ST 

elevation OHCA trial 

BARC = Bleeding Academic Research Consortium 

COACT = Coronary Angiography after Cardiac Arrest without ST-Segment Elevation trial 

CONSORT = Consolidated Standards of Reporting Trials 

COUPE = Coronariography in OUt of hosPital Cardiac arrest trial 

CPC = Cerebral Performance Category 

DISCO = (Direct or Subacute Coronary Angiography in Out-of-hospital Cardiac Arrest trial 

EFIC = exception to informed consent for emergency research 

EMERGE = EMERGEncy Versus Delayed Coronary Angiogram in Survivors of Out-of-hospital 

Cardiac Arrest trial 

ESC/EACTS = European Society of Cardiology/European Association for Cardio-Thoracic 

Surgery 

HADS = Hospital Anxiety and Depression Scale  

INTCAR = International Cardiac Arrest Registry 

IQCODE = Informant Questionnaire on Cognitive Decline in the Elderly 

MMSE = Mini-Mental State Exam 

MOCA = Montreal Cognitive Assessment 

OHCA = out-of-hospital cardiac arrest 

PEARL = A Randomized Pilot Clinical Trial of Early Coronary Angiography Versus No Early 

Coronary Angiography for Post-Cardiac ARrest Patients Without ST-Segment ELevation 

REDCAP = Research Electronic Data Capture 
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STE = ST segment elevation 

TOMAHAWK = Immediate Unselected Coronary Angiography Versus Delayed Triage in 

Survivors of Out-of-hospital Cardiac Arrest Without ST-segment Elevation 
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INTRODUCTION 
 
    The prevalence of coronary artery disease in out-of-hospital cardiac arrest (OHCA) 
victims is high, reportedly 70-80%.1-3  The concept of a culprit coronary artery lesion 
causing sudden cardiac death has led to the use of emergent coronary angiography to 
define a potential coronary etiology and to treat this ischemic trigger with timely 
percutaneous intervention.  The hope and rationale is to stabilize, then eliminate the 
ischemic milieu, salvage at-risk myocardium, prevent recurrent arrest, and improve both 
short and long-term survival.    

Patients with an acutely occluded culprit vessel are at most risk for significant loss 
of myocardium, re-arrest, and worse outcomes.  ST-segment elevation myocardial 
infarction (STEMI) patients who suffer out-of-hospital cardiac arrest epitomize this group.  
The 2013 American College of Cardiology Foundation/American Heart Association 
(ACCF/AHA) STEMI guidelines recognized the importance of early reperfusion for all 
STEMI patients, including those whose STEMI is complicated with a cardiac arrest, noting 
in a Class 1 recommendation that, “Immediate angiography and percutaneous coronary 
intervention (PCI) when indicated should be performed in resuscitated out-of-hospital 
cardiac arrest patients whose initial electrocardiogram (ECG) shows STEMI (Level of 
Evidence: B-nonrandomized).” 4   

The role of emergent coronary angiography for OHCA patients without ST-segment 
elevation (STE) is less clear.  The American Heart Association 2015 Cardiopulmonary 
Resuscitation (CPR) guidelines state that “emergency coronary angiography is reasonable 
for select (electrically or hemodynamically unstable) adult patients who are comatose after 
OHCA of suspected cardiac origin but without STE on ECG (Class IIa, LOE B-
nonrandomized).5   The latest European Society of Cardiology/European Association for 
Cardio-Thoracic Surgery (ESC/EACTS) Myocardial Revascularization guidelines for post-
cardiac arrest patients state that "early coronary angiography and PCI, if appropriate, 
should be performed irrespective of the ECG pattern if no obvious non-cardiac cause of the 
arrhythmia is present (Class IIa, LoE C)".6  Nonetheless, some have questioned the utility of 
emergent coronary angiography in those without STE, and others have called for 
randomized clinical trials to evaluate this issue.7-9   
 The aim of this randomized, clinical trial was to evaluate early coronary 
angiography versus no early angiography in resuscitated but comatose OHCA patients 
without STE for a composite endpoint, encompassing both efficacy and safety measures, 
while prospectively determining the incidence of acute coronary occlusion in this 
population.   
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METHODS 

 Requests to access the study data set from qualified researchers trained in human 
subject confidentiality protocols may be sent to the corresponding author at kernk@email. 
arizona.edu. The analyses that support the findings of the present study are available from 
the corresponding author on reasonable request. 
 
Study Design 
 This was an international, multi-centered, prospective, randomized pilot clinical 
study, comparing the efficacy and safety of early coronary angiography versus no early 
coronary angiography in comatose adult patients resuscitated from OHCA and without STE.  
This study was performed under US Food and Drug administration (FDA) regulation 
21CFR50.24 regarding exception to informed consent for emergency research (EFIC).10-11   
University of Arizona Institutional Review Board (IRB) approval was obtained after the 
required community consultation and disclosure was completed and acceptable to the 
board.  Similar approval was obtained by the individual IRB or ethics committee at each of 
the other four clinical sites. The experience of two USA sites in fulfilling the EFIC 
requirements for the PEARL study has been previously published.12  

The study was funded by the Arizona Biomedical Research Commission of the 
Arizona Department of Health Services.  The funding body had no role in the design, patient 
enrollment, collection and storage of data, analysis of the data, or the writing and 
submission of the manuscript.  An independent data safety monitoring board oversaw the 
study (supplemental Table S1).  The authors verify the completeness and accuracy of the 
study data.   
 
Patients 
 Adult patients (> 18 years old) successfully resuscitated and comatose after OHCA, 
without regard for initial rhythm and with a suspected cardiac etiology for their sudden 
cardiac arrest, were eligible for the study if their ECG demonstrated no STE or new left 
bundle branch block.  Exclusion criteria included ongoing chest compressions, pregnancy, a 
known “do not resuscitate” order, or an “opt out bracelet” for the PEARL study.  Shock, 
defined as a systolic blood pressure of <90 for more than 30 minutes with or without 
vasoactive medication support, was not an exclusion criterion.  The full inclusion and 
exclusion criteria are found in supplemental Table S2.  A discussion with the patient, 
family, and/or medical power of attorney was held about the PEARL study and EFIC 
requirements during the acute hospitalization.  Consent was then obtained to continue to 
evaluate and monitor the patient for a total of 180 days after hospital discharge. 
 
Randomization 
 Patients resuscitated from OHCA were screened upon arrival in the emergency 
department by both the emergency physicians and the on-call STEMI team cardiologist.  If 
deemed eligible, a web-based Research Electronic Data Capture (REDCAP) randomization 
and data collection site with 24/7 access was utilized for the group assignment.  Patients 
were randomized in a 1:1 ratio between early coronary angiography within 120 minutes of 
arrival at the PCI-capable center and the no early coronary angiography group, defined as 
no coronary angiography within six hours of hospital arrival. The randomization was 
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stratified by study site and block randomization was used within each study site.  Urgent 
coronary angiography before the planned procedure was discouraged but allowed if the 
attending cardiologist/intensivist felt such was imperative for optimal patient care.  The 
timing for coronary angiography after six hours was at the discretion of the attending 
physician.  Other than the timing of coronary angiography, the details of the procedure 
were not specified by the study protocol.  Decisions regarding access site, sedation, anti-
coagulation, and dual antiplatelet therapies were relegated to the operators at each clinical 
site.  Simultaneous application of target temperature management and coronary 
angiography was encouraged to prevent any therapeutic delays.  All other post-
resuscitation care, including targeted temperature management, was provided as per 
recommended post-cardiac arrest guideline-directed therapy13 and as per usual local 
clinical practice patterns.  Withdrawal of care decisions were determined by each 
individual clinical site, but details regarding when and family input were recorded.  
 
Endpoints and Follow-up 
 The prospectively selected primary endpoint was a composite of efficacy and safety 
measurements, including efficacy parameters of survival to discharge, favorable 
neurological status at discharge (Cerebral Performance Category < 2), echocardiographic 
measures of left ventricular ejection fraction >50% and a normal regional wall motion 
score of 16 within 24 hours of admission14 .  Adverse events occurring during the index 
hospitalization period included re-arrest, pulmonary edema on chest x-ray, acute renal 
dysfunction (>0.5 dl/ml increase in creatinine from baseline), bleeding requiring 
transfusion or intervention (Bleeding Academic Research Consortium [BARC] scores >2)15, 
hypotension (systolic arterial pressure <90 mmHg for more than 30 minutes), and 
pneumonia .   

Secondary endpoints included the prevalence of acute coronary occlusion, survival 
and favorable neurological function at 30±15 and 180±30 days post-hospital discharge, left 
ventricular ejection fraction, and regional wall motion scores at hospital discharge and 
180±30 days post discharge.  The following neuro-cognitive and quality of life assessment 
tools: Mini-Mental State Exam (MMSE), Montreal Cognitive Assessment (MOCA), the 
Hospital Anxiety and Depression Scale (HADS), and Informant Questionnaire on Cognitive 
Decline in the Elderly (IQCODE) were also utilized.   
 Follow-up contacts were done face-to-face in the hospital and at discharge, then by 
phone interviews at 30±15 and 180±30 days.  Cerebral performance category was 
determined by chart review, follow-up examinations, and by patient and family phone 
interviews when necessary.  Evaluators were blinded to the randomized group assignment. 
 
Interpretation of Echocardiograms and Coronary Angiograms 
 Each clinical center was responsible for obtaining and interpreting the specified 
cardiac testing.  Some echocardiograms were over-read to obtain missing regional wall 
motion scores by a third party blinded to the patient study group assignment.  The 
coronary angiogram interpretation was typically read by the physician angiographer, and 
could not be blinded by the nature of the study.  The definition of a coronary “culprit” was 
an angiographically significant lesion (>70% diameter stenosis) with “unstable features” 
such as thrombus with contrast staining and/or a filling defect, or an irregular appearance 
from acute plaque rupture or dissection.  An “acutely occluded” culprit coronary was 
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defined as complete occlusion of the vessel (i.e., TIMI 0 flow) with either contrast staining 
of the thrombus or, when uncertain, a successful intracoronary wire crossing without 
difficulty suggestive of acute thrombus.  If simple wire crossing was not achievable, the 
lesion was considered to be a chronic total occlusion (CTO) and not an acutely occluded 
culprit lesion.  
 
Statistical Analysis 
 This pilot study was designed to evaluate efficacy and safety using a composite of 
endpoints from both, with an expected difference of 17% (freedom from adverse events, 
normal regional and global left ventricular function, survival to hospital discharge, and 
favorable neurological function at hospital discharge), estimated from the International 
Cardiac Arrest Registry (INTCAR) prior experience and publications.16-19   The sample size 
calculation used composite group differences (77% in the early coronary angiography 
group and 60% in the no early angiography group).  The sample size calculated to achieve 
80% statistical power to detect a difference using a 2-sided significance level of < 0.05 was 
226 patients, or 113 subjects in each group. 

All patients were included in the intention-to-treat analysis of the composite 
primary endpoint.  Several patients declined further follow-up between hospital discharge 
and the 180-day follow-up, and were not included in analyses after their withdrawal from 
the study.   

Each patient was randomized to one of the two intervention groups (i.e., early 
coronary angiography and no early coronary angiography). Patients’ baseline 
characteristics were summarized by median (interquartile range) for continuous variables 
and frequency (%) for categorical variables by the intervention group. Based on the 
recommendation in the Consolidated Standards of Reporting Trials (CONSORT) statement, 
statistical tests were not performed to compare the baseline characteristics between the 
two intervention groups.   Similar to the baseline characteristics, continuous endpoints 
were summarized by median (interquartile range) and categorical endpoints were 
summarized by frequency (%) by the intervention group. To assess for differences between 
those undergoing early coronary angiography and those not having early coronary 
angiography, Wilcoxon rank-sum tests were performed to compare continuous outcomes 
between the two intervention groups. Fisher’s exact tests were performed to compare 
categorical outcomes between the two intervention groups. A Kaplan-Meier survival curve 
was derived and used to estimate median survival time, 30-day survival and 180-day 
survival for each intervention group. To account for stratified randomization by study site, 
a stratified log-rank test was performed to compare survival between the two intervention 
groups. Stratified Cox regression with robust standard error was performed to derive the 
hazard ratio between the two intervention groups, in which a supremum test based on 
resampling techniques was performed to evaluate the proportional hazards assumption. In 
addition, the pre-specified primary composite endpoints of efficacy and safety were used to 
estimate the proportion of patients who “benefit” from the intervention, i.e., an efficacy 
endpoint observed but without a safety endpoint observed, for each intervention group.  
The primary combined composite endpoint was calculated for each patient as follows: a 
positive efficacy endpoint (+1) without an adverse endpoint (0) was scored as +1; a 
positive efficacy endpoint (+1) and an adverse endpoint (-1) were scored as 0; and patients 
without a positive efficacy endpoint (0) but with an adverse endpoint (-1) were scored as -
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1.  Importantly, any efficacy or adverse events were counted only once per patient so that 
the final score was either +1, O, or -1 for each patient.  The final sum within each 
randomized arm was then compared as a proportion of the total.  Fisher’s exact testing was 
done, as with the individual composites, to assess for differences between those 
undergoing early coronary angiography and those not having early coronary angiography. 
All of the statistical tests were two sided at a significance level of 5%. Statistical Analysis 
Software (SAS, Cary, North Carolina) 9.4 was used to conduct all of the statistical analyses.   
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RESULTS 
 
Patient Demographics and Characteristics 
 The study was prematurely terminated before enrolling the target number of 
patients.  A total of 99 patients were enrolled during the study period from  
January 2016 through October 2018.  Forty-nine were randomized to receive “early 
coronary angiography” and 50 to “no early coronary angiography”.  The two groups were 
well matched in both baseline features (Table 1) and resuscitation characteristics (Table 
2).  Median age of the participants was 65 years (interquartile range, 57-73) and 78.8% 
were men.  As expected from the study protocol requiring subjects to be successfully 
resuscitated prior to randomization, the majority had a witnessed cardiac arrest (90.9%) 
and received bystander CPR (70.7%).  Ventricular fibrillation or pulseless ventricular 
tachycardia was the initial rhythm in 76.5%, with the remaining 23.5% having a non-
shockable rhythm.  Upon presentation at the hospital, 14/99 (14.1%) of patients had shock 
with a median systolic blood pressure of 79 mmHg (interquartile range, 77-86) (Table 2).  
The clinical sites enrollment numbers are provided in supplemental Table S3. 
 
Primary Endpoint  

The primary endpoint (meeting any efficacy criteria and free from any adverse 
events) occurred in 55.1% of those undergoing early coronary angiography versus 46.0% 
of those not undergoing early coronary angiography.  This observed difference of 9.1% was 
less than the projected difference of 17% and was not statistically different (p=0.64; Table 
3).  

Early coronary angiography (within 120 minutes) in resuscitated OHCA without STE 
was not associated with any significant increase in the efficacy endpoints of survival to 
hospital discharge, left ventricular ejection fraction, regional wall motion score (echo) and 
intact functional status of survivors [cerebral performance category of < 2] (73.5% vs 
60.0%; p=0.20, Table 3).   
Adverse clinical events, including bleeding or acute renal deterioration, were not different 
between the two randomized groups (26.5% vs 26.0%; p=1.00, Table 3).   
 
Secondary Endpoints 
 Kaplan-Meier survival estimates for six months are shown in Figure 1.  There were 
no significant differences at 30 days or 180 days by log-rank test.  The most common 
etiology of death was anoxic brain injury (62.2%), followed by cardiovascular (22.6%), 
with a multitude of other causes (15.1%).  Withdrawal of care, typically due to poor 
neurological prognosis, was common but not different between groups (31% vs 40%).  
Table 4 shows no differences in any survival, functional neurological status or cause of 
death between groups throughout the study.  Wall motion score indices were not 
significantly different among survivors to hospital discharge or 180 days.  No differences 
between groups were noted with any of the neuro-cognitive and quality of life assessment 
instruments. 
 
Coronary Angiographic Findings 

All 49 patients randomized to early coronary angiography received the procedure 
with a median time from arrival at the PCI capable facility to catheterization of 1.5 hours 
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(IQR: 0.8 – 2.0) (Table 5).  Among those randomized to no early coronary angiography, 
24/50 (48%) had a cardiac catheterization prior to hospital discharge with a median time 
to catheterization of 2.5 days (IQR: 0.6-7.2 days) after arrival at the hospital.   Overall, 
73/99 (73.7%) patients had coronary angiography post arrest.  Among the total group, 
30.1% had no significant coronary disease, while 30.1% had single vessel disease, 17.8% 
two-vessel disease, and 13.7% three-vessel disease.  Previous coronary bypass surgery 
with either graft occlusion or distal disease not covered by a patent graft was found in 8.2% 
(Table 5).   

A culprit vessel, deemed likely responsible for the cardiac arrest, was found in 
46.9% of patients without ST-segment elevation receiving early coronary angiography and 
in 41.7% of those undergoing cardiac catheterization later, but prior to discharge (Table 5).   
These identified culprits were visually assessed and found to be generally severe with a 
median diameter stenosis of 95% (IQR: 90-99.5%) (Table 6).  In the early coronary 
angiography group, the most common culprit vessels were the left anterior descending 
(48.4%) followed by the left circumflex (27.3%) and the right coronary artery (12.4%).  
The left main coronary artery was the culprit in 9.1%.  Among patients undergoing early 
coronary angiography, the culprit vessel was acutely occluded in 14.3% (Table 5).   The 
majority of culprit vessels were treated with PCI using drug-eluting stents.  Coronary artery 
bypass surgery instead of PCI was performed in three patients with either significant left 
main or multi-vessel coronary artery disease (Table 5).  Chronic total occlusions were 
found in 15/73 (20.5%) of those undergoing coronary angiography (Table 5).   
 
Other Post-Resuscitation Therapies and Parameters 
 The majority of patients in both groups were treated with targeted temperature 
management (84% and 76%, respectively).  The temperature target was relegated to the 
local clinical site, with three-fourths of all patients being treated to a temperature of 32-34 
°C (Table 2).   
 Acute renal deterioration and severe bleeding were uncommon in either group and 
rarely associated with major harm. One patient had a fatal gastrointestinal bleed after 
declining blood products during the hospitalization (Table 2).  Laboratory values obtained 
at admission and discharge between those randomized to early coronary angiography and 
those not having early angiography are also shown in Supplemental Table S4.   
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DISCUSSION 
 

This pilot randomized multicenter study of resuscitated OHCA patients without STE 
did not demonstrate a significant benefit for early coronary angiography.  The primary 
endpoint of combined efficacy and safety measures was not significantly different between 
those receiving early coronary angiography and those who did not.  The rates of survival 
and favorable neurological function among survivors at hospital discharge, 30 days, and 6 
months were not statistically higher in the early coronary angiography group (absolute 
differences varying between 5-7%).  Unfortunately, the study patient enrollment target 
goal was not achieved, and thus the PEARL study was underpowered to adequately assess 
these endpoints.  The majority of hospital deaths resulted from anoxic brain injury, 
including those who had care withdrawn due to poor neurological prognosis (Table 4).  No 
increase in adverse events such as bleeding or renal impairment was seen with early 
coronary angiography, but full assessment of safety is not possible in this limited-sized 
study.   

The largest randomized study (n=552) evaluating the benefit of early coronary 
angiography post arrest to date is the COACT trial (Coronary Angiography after Cardiac 
Arrest without ST-Segment Elevation).20   The COACT trial found no significant difference in 
its primary endpoint of 90-day survival between those receiving immediate angiography 
versus those receiving delayed angiography after neurologic recovery (65% vs 67%; p = 
0.51).  COACT demonstrated no safety concerns for early angiography with similar rates of 
recurrent arrest, acute kidney injury and bleeding in the early and delayed catheterization 
groups.  The COACT investigators concluded that a strategy of immediate coronary 
angiography for resuscitated OHCA patients without ST segment elevation on their 
electrocardiograms was not better than a delayed angiographic strategy with respect to 
survival at 90 days.   

There are several differences in study design between the COACT and PEARL 
studies.  Patients who presented with hemodynamic shock post arrest were excluded from 
the COACT trial, but included in the PEARL study.  Fewer of the patients randomized to 
delayed coronary angiography in PEARL received the procedure (48% vs. 65%), and the 
time to delayed coronary angiography was longer in the COACT study (5.0 days vs. 2.5 
days), as it was performed only after neurological awakening.  Of note, acutely occluded 
culprit lesions were found in 14% of patients at early angiography in PEARL, and in 3% of 
patients undergoing immediate coronary angiography in COACT.  These two trials have 
randomized a total of 651 patients without demonstrating any advantage of early coronary 
angiography for improving outcomes among post-cardiac arrest patients without ST-
segment elevation.    

The PEARL study prospectively demonstrated a 70% prevalence rate of significant 
coronary artery disease in patients resuscitated from OHCA but without STE on their ECGs.  
This is consistent with previous, non-randomized reports.16-19, 21-24  Seventy-four percent of 
all enrolled patients had coronary angiography post resuscitation, including all 49 patients 
randomized to ‘early coronary angiography’, and 24 of 50 (48%) patients randomized to 
‘no early angiography’.  The average time to coronary angiography in this latter group was 
2.5 (0.6-7.2) days after admission.  Among the total group, 30% had no significant coronary 
disease, while another 30% had single vessel disease, 18% two vessel disease, and 14% 
three vessel disease.  Previous coronary bypass surgery with either graft occlusion or distal 
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disease not covered by a patent graft was found in 8% of patients undergoing cardiac 
catheterization post arrest.  

Among those randomized to early coronary angiography, 47% had a culprit 
coronary lesion identified as a likely contributor to the patient’s cardiac arrest.  Visual 
assessment of all culprit lesions found them to be severe diameter stenoses, with a median 
stenosis of 95% (IQR: 90-99.5).  An acutely occluded coronary was present in 14% of 
patients undergoing early coronary angiography.  This is lower than the 20-30% 
prevalence reported in some prior retrospective studies.19, 21--24  In the early angiography 
group, the average time to reperfusion with PCI for the seven patients with an 
angiographically-identified acutely occluded culprit was 92.3±42.9 minutes after hospital 
arrival (Table 5).   

Two additional small randomized pilot studies have been published previously.24-25  
The ARREST (A Randomized tRial of Expedited transfer to a cardiac arrest center for non-
ST elevation OHCA) pilot trial randomized 40 post-ventricular fibrillation cardiac arrest 
patients without ST elevation for expedited transfer to a cardiac arrest center for goal-
directed therapy, including access to immediate reperfusion, or no such transfer and 
slightly delayed reperfusion.25  The difference in time to reperfusion was only 32 minutes 
(100 vs 132 minutes) and was not statistically significant.  A culprit lesion was found in 
47% of patients, but no specific data on acute occlusion was presented.  Mortality at 30 
days was not different, being 50% in both groups. 

The DISCO-Pilot (DIrect for Subacute Coronary angiography in Out-of-hospital 
cardiac arrest) study randomized 79 witnessed OHCA patients without STE to early versus 
delayed coronary angiography.  This study included all initial arrest rhythms, but did not 
require patients to be comatose.26 DISCO-Pilot suggested that early coronary angiography 
was safe and not associated with higher incidence of major adverse events.  Mortality rates 
were not different at 24 hours, but no longer-term outcomes were reported.  They reported 
finding a culprit coronary artery in 37% of the patients undergoing early immediate 
coronary angiography, but did not comment on how many were acutely occluded.26   

Additional randomized clinical trials examining the utility of early coronary 
angiography are currently underway, and should help clarify the incidence of acutely 
occluded culprit lesions in this population of post-arrest patients, and whether outcomes 
might improve as more patients with acute lesions are enrolled in such trials.27-32  

The lack of objective benefit demonstrated by the PEARL study for early invasive 
coronary angiography, while prospectively demonstrating a moderate amount of acute 
coronary disease, raises the question if alternative detection strategies for finding those 
with acute coronary culprits requiring timely reperfusion, other than early coronary 
angiography for all patients, might be beneficial.  One such strategy utilizing 
electrocardiographic findings has been proposed, but has not been adequately tested to 
date.33 
 
Limitations 

Our study was planned prior to publication of any randomized trials of early coronary 
angiography in the post-resuscitation population without ST segment elevation and was 
underpowered to adequately evaluate the primary endpoint of combined safety and 
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efficacy.  Recruitment was more difficult than anticipated, but subsequent experience in 
other similar ongoing randomized trials evaluating the utility of early coronary 
angiography in post-arrest patients without ST-segment elevation have had similar issues. 
The ACCESS trial31  (ACCESS to the Cardiac Cath Lab in Patients Without STEMI 
Resuscitated From Out-of-hospital VT/VF Cardiac Arrest) has been prematurely stopped 
for low enrollment (8% of the enrollment goal achieved) and the EMERGE trial 
(EMERGEncy Versus Delayed Coronary Angiogram in Survivors of Out-of-hospital Cardiac 
Arrest) has stopped enrolling after achieving approximately 35% of their enrollment goal.30   
Additional randomized clinical studies addressing the same question are still underway, 
including the DISCO (Direct or Subacute Coronary Angiography in Out-of-hospital Cardiac 
Arrest (DISCO), COUPE (Coronariography in OUt of hosPital Cardiac arrEst (COUPE) , 
TOMAHAWK (Immediate Unselected Coronary Angiography Versus Delayed Triage in 
Survivors of Out-of-hospital Cardiac Arrest Without ST-segment Elevation (TOMAHAWK), 
and ARREST (A Randomized tRial of Expedited transfer to a cardiac arrest center for non-
ST elevation OHCA)  trials.27-29, 32  These could potentially add several thousand additional 
randomized patients in addressing this important question for post-resuscitation care.  
Anticipating the potential for individual studies to be underpowered, the principal 
investigators of these similar trials met and agreed in principle to combine the individual 
patient-level data for a meta-analysis upon completion of all trials.   

A decision was made in the PEARL study to include all successfully resuscitated out-
of-hospital cardiac arrest patients regardless of their initial rhythm (shockable or non-
shockable).  This may have decreased the opportunity to detect a difference in outcomes, 
since non-shockable rhythm patients are known to have a worse prognosis than patients 
with shockable rhythms.  There were several reasons for including patients with all 
presenting rhythms.  The first was to maximize our recruitment opportunities.  In our prior 
International Cardiac Arrest Registry [INTCAR]  experience, we found that 26% of the 
successfully resuscitated out-of-hospital cardiac arrest population without ST elevation 
admitted to the hospital were patients with initially non-shockable rhythms.18  Second, the 
outcome of such post-arrest patients with initially non-shockable rhythms, athough not as 
good as those with shockable rhythms, was reasonable (non-shockable = 28% survival; 
shockable = 45%)34, and certainly better with aggressive post-arrest care than the 
historically reported 5% survival rate.  Finally, we prospectively decided that important 
data, including coronary findings and the utility of early coronary angiography post arrest, 
should be gathered on all survivors without ST-segment elevation.  Therefore, both 
shockable and non-shockable initial rhythms, which were successfully resuscitated, were 
included. 

Determination of culprit lesions can be somewhat subjective, even with a carefully 
defined definition.  Unfortunately, a core angiographic laboratory was not included in the 
protocol.  The effect of such lesions as the actual cause of the cardiac arrest cannot be 
proven, but only assumed in any clinical study. 
 
Conclusions 
 This limited-sized study was underpowered to detect a significant difference 
between the treatment strategies. Thus the trial results should only be viewed as further 
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hypothesis generating.  When considered together with previous clinical trials, these data 
do not support early coronary angiography for comatose survivors of cardiac arrest 
without ST elevation. Whether early detection of occluded potential culprit arteries leads to 
interventions that improve outcomes requires additional study.    
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Figure Legends 

 

Figure 1.  Kaplan-Meier Survival Curves from enrollment to 180 days.  Red is for patients 

receiving early coronary angiography and blue is for patients not receiving early coronary 

angiography. 

Key:  CAG=coronary angiography  
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Table 1.  Baseline characteristics of study participants by intervention group  
 

Variable 

Early coronary angiography 

(n=49) 

No early coronary 

angiography (n=50) 

Median (IQR)/Freq (%) Median (IQR)/Freq (%) 

Age 65.0 (57-73) 65.5 (59-72) 
Male 42 (85.7%) 36 (72.0%) 
Race   

White 48 (98.0%) 48 (96.0%) 
Black 1 (2.0%) 1 (2.0%) 
Asian 0 (0%) 1 (2.0%) 

Hispanic 3 (6.1%) 4 (8.0%) 
Height (cm) 176.4 (170-180.2) (n=48) 175.0 (167.6-180) (n=49) 
Weight (kg) 85.0 (74.8-100) 88.3 (80-105) 
BMI 26.7 (24.6-30.8) (n=48) 28.8 (25.6-35.7) (n=49) 
SBP 128 (109-149) 122 (95-140) 
DBP 71 (62-89) 66 (54-86) 
Pre-arrest disease   

Previously healthy 7 (14.3%) 5 (10%) 
Chest pain 0 (0%) 1 (2%) 

CAD 16 (32.7%) 16 (32%) 
MI 10 (20.4%) 7 (14%) 

Heart failure 7 (14.3%) 7 (14%) 
Arrhythmia  9 (18.4%) 6 (12%) 

COPD 3 (6.1%) 2 (4%) 
Renal disease 3 (6.1%) 7 (14%) 

Diabetes 11 (22.4%) 16 (32%) 
Liver disease 0 (0%) 1 (2%) 

CVA 6 (12.2%) 1 (2%) 
PVD 4 (8.2%) 2 (4%) 

GERD/Ulcer 2 (4.1%) 3 (6%) 
Obesity 4 (8.2%) 8 (16%) 

Hypertension 26 (53.1%) 29 (58%) 
Cognitive dysfunction 1 (2.0%) 1 (2%) 

Cancer 8 (16.3%) 5 (10%) 
 

Key:  BMI=body mass index; CAD=coronary artery disease; cath=cardiac catheterization; 

COPD=chronic obstructive pulmonary disease; CVA=cerebral vascular accident; 

DBP=diastolic blood pressure; Freq=frequency; GERD=gastric esophageal reflux disease; 

IQR=(25-75% interquartile range); MI=-myocardial infarction; PVD=peripheral vascular 

disease; SBP=systolic blood pressure 
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Table 2.  Resuscitation and Post-Resuscitation Characteristics 

Variable 

Early coronary 

angiography (n=49) 

No early coronary 

angiography (n=50) 

      P* 

Median (IQR)/Freq (%) Median (IQR)/Freq (%)  

Resuscitation    

ROSC achieved 49 (100.0%) 50 (100%)  

Time to ROSC from arrest 
(min) 

       19.0 (12-24) (n=45) 20.0 (10-34) (n=49)  

ROSC>30min 7 (15.9%) 13 (26.0%)  

Witnessed 46 (93.9%)  44 (89.70%) (n=49)  

Transfer  8 (16.3%) 7 (14.0%)  

Bystander CPR 37 (75.5%) 33 (67.3%) (n=49)  

Initial rhythm    

VF/VT/AED Shockable 34 (69.4%) 41 (82%)  

Asystole 5 (10.2%) 3 (6%)  

PEA 10 (20.4) 5 (10%)  

Unknown 0 (0%) 1 (2%)  

    

Post-Resuscitation    

Shock on Arrival at Hospital 9 (18.4%) 5 (10.0%) 0.26 

    
Received Hypothermia 41 (83.7%) 38 (76.0%) 0.45 
Target temperature   0.43 
32° C 3 (7.3%) 1 (2.6%)  
33° C 27 (65.9%) 29 (76.3%)  
34° C 0 (0%) 1 (2.6%)  
35° C 2 (4.9%) 0 (0%)  
36° C 9 (22.0%) 7 (18.4%)  
    

BARC   0.52 
0                                                       45 (93.9%) 48 (96.0%)  

1 3 (4.1%) 2 (4.0%)  
2                 0 (0%)                  0 (0%)  
3                 0 (0%)                  0 (0%)  
4                  0 (0%)                  0 (0%)  
5                 1 (2.0%)                  0 (0%)  
    
WDC 15 (30.6%) 20 (40.0%) 0.40 
Family insistence 4 (26.7%) 6 (30.0%) 1.00 
    

*derived from Fisher’s exact test 
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Key: AED=automatic external defibrillator; BARC=Bleeding Academic Research Consortium 

scale; CPR=cardiopulmonary resuscitation; Family insistence=indicates the family or 

individual with medical power of attorney were insistent upon withdrawing further care, 

regardless of whether the recommended 72 hours post-rewarming period of continued 

monitoring had been completed or not; Freq=frequency; IQR=(25-75% interquartile 

range); PEA=pulseless electrical alternans; ROSC=return of spontaneous circulation; 

Transfer= the number of patients who arrested elsewhere rather than locally, and were 

transferred to a PEARL study enrolling center; TTM=targeted temperature management; 

VF/VT=ventricular fibrillation or pulseless ventricular tachycardia; WDC=withdrawal of 

care. 

No p values are reported for the Resuscitation features since these variables occurred 

before randomization  
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Table 3.  Primary composite endpoints for safety and efficacy 
 
 

Endpoint Early coronary 
angiography 

(n=49) 

No early coronary 
angiography  

(n=50) 

P* 

Freq (%) Freq (%) 
    
1° Endpoint of Combined Efficacy 
and Adverse Events       

27 (55.1%) 23 (46.0%) 0.64 

    

    

Composite efficacy 36† (73.5%) 30† (60.0%) 0.20 
          Survival to DC 27 (55.1%) 24 (48.0%) 0.55 
          Normal WMSI at admission  9 (19.6%) (n=46) 12 (25.5%) (n=47) 0.62 
          LVEF ≥50% at admission 19 (40.4%) (n=47) 16 (34.0%) (n=47) 0.67 
          Intact functional status at DC 25 (51.0%) 23 (46.0%) 0.69 

    

Composite Adverse Events 13 (26.5%) 13 (26.0%) 1.00 
          Re-arrest 3 (6.1%) 3 (6.0%) 1.00 
          Pulmonary edema 3 (6.1%) 0 (0.0%) 0.12 
          Acute renal worsening 1 (2.0%) 2 (4.0%) 1.00 
          Bleeding 2 (4.1%) 0 (0.0%) 0.24 
          Hypotension   5 (10.2%)   5 (10.0%) 1.00 
          Pneumonia 4 (8.2%) 4 (8.0%) 1.00 
    

*derived from Fisher’s exact test 
†each patient counted only once for adverse events or efficacy endpoints 

Key: cath=cardiac catheterization; DC=hospital discharge; Freq=frequency; LVEF=left 

ventricular ejection fraction; WMSI=wall motion score index. 
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Table 4.  Secondary Endpoints 

Endpoint Early coronary 
angiography (n=49) 

No early coronary 
angiography (n=50) 

P* 

Freq (%)/median 
(IQR) 

Freq (%)/median 
(IQR) 

Survival analysis (median survival 
time in days; 95% CI) 

66 (11, NA) 25 (8,  NA) 0.78 

Hazard ratio (95% CI) 0.93 (0.55, 1.55) 1.00 0.77 
30-day survival (S(t)±se†) 0.55±0.07 0.46±0.07 0.36 
180-day survival (S(t)±se) 0.45±0.08 0.40±0.08 0.66 

Cause of Death    
Anoxic Brain Injury 16 17 1.00 

Cardiovascular 6 6 1.00 
Miscellaneous 2 6 0.27 

WMSI at DC 2 (1-4) N=9 3 (1.5-4) N=8 0.59 
1 4 (44.4%) 2 (25%)  
2 2 (22.2%)    1 (12.5%)  
3            0 (0%) 2 (25%)  
4 3 (33.3%)    3 (37.5%)  

WMSI at 180 days post DC 1 (1-1) N=4 2 (1-2) N=5 0.17 
1 4 (100%) 2 (40%)  
2             0 (0%) 3 (60%)  

CPC <3 or MRS <4    
30 days post DC 19 (86.4%) (n=22) 16 (88.9%) (n=18) 1.00 

180 days post DC 16 (100%) (n=16) 13 (100%) (n=13) NA 
MMSE    

At DC 27.0 (25-30) (n=17) 28.5 (27-30) (n=18) 0.69 
180 days post DC 30.0 (29-30) (n=13) 30.0 (23-30) (n=11) 0.84 

Anxiety    
At DC 6.0 (4-9) (n=16) 5.0 (1-12) (n=19) 0.70 

180 days post DC 4.0 (1-5) (n=13) 1.0 (0-4) (n=11) 0.23 
Depression    

At DC 3.0 (0.5-7.5) (n=16) 4.0 (1-8) (n=19) 0.78 
180 days post DC 1.0 (0-3) (n=13) 2.0 (0-3) (n=11) 1.00 

MOCA    
At DC 21.5 (18-22.5) (n=16) 25.0 (15-28) (n=17) 0.65 

180 days post DC 26.5 (25-28.5) (n=12) 29.0 (27-30) (n=9) 0.13 
IQCODE    

At DC 3.0 (2.75-3.19)(n=14) 3.0 (3-3.10) (n=12) 0.89 
180 days post DC 3.0 (2.9-3.16) (n=12) 3.0 (3-3.8) (n=11) 0.15 

*derived from stratified log-rank test for comparing survival curves, from stratified Cox 

regression for HR, from Fisher’s exact for categorical variables and Wilcoxon rank sum test 

for scores; †Kaplan-Meier survival estimate± standard error. 
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Key: cath=cardiac catheterization; CPC=cerebral performance category; DC=hospital 

discharge; IQCODE=Informant Questionaire on Cognitive Decline in the Elderly; 

MMSE=Mini-Mental State Examination; MOCA=Montreal Cognitive Assessment; 

MRS=modified Rankin Scale; WMSI=wall motion score index.   
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Table 5.  Coronary Angiographic Findings and Interventions 

Variable Early coronary 

angiography (n=49) 

No early coronary 

angiography (n=50) 

P* 

Freq (%)/median 

(IQR) 

Freq (%)/median 

(IQR) 

Actually had coronary angiography 49 (100%) 24 (48.0%) <0.0001 
Time to angiography from arrival 90 (48-120) min 

1.5 (0.8-2.0) hrs 
3631 (875-10323) min 

2.5 (0.6-7.2) days 
<0.0001 

Urgent coronary angiography 
before the planned procedure 

             0 (0%) 2 (4.0%) 1.00 

Coronary Disease present 35 (71.4%) 16 (66.7%) 0.79 
      None 14 (28.6%) 8 (33.3%) 0.79 
      1V 18 (36.7%) 4 (16.7%) 0.11 
      2V 9 (18.4%) 4 (16.7%) 1.00 
      3V             3 (6.1%) 7 (29.2%) 0.01 
      Prior CABG 5 (10.2%) 1 (4.2%) 0.66 
    
Culprit identified 23 (46.9%) 10 (41.7%) 0.80 
Culprit Location    

L Main 3 (13.0%)                0 (0%) 0.54 
LAD 10 (43.5%)   6 (60.0%) 0.46 

CX 5 (21.7%)   4 (40.0%) 0.40 
RCA 4 (17.4%)               0 (0%) 0.29 

Other 1 (4.3%)               0 (0%) 1.00 
    

Acutely Occluded 
Culprits 

7 (14.3%)  1 (4.2%) 0.26 

    
Chronic Total Occlusions   11 (22.4%) 4 (16.7%) 0.76 

    
Received PCI 15 (30.6%) 9 (37.5%) 0.60 

PCI Type   1.00 
POBA 1 (6.3%) 0 1.00 

BMS 1 (6.3%) 0 1.00 
DES 14 (87.5%) 9 (100%) 0.52 

Time from arrival to PCI (min) 93 (62-113) 
 (n=13) 

5740 (3090-11205) 
 (n=8) 

<0.001 

Stent thrombosis post cardiac 
arrest   

0 (0%) 0 (0%) NA 

Received CABG 2 (4.1%) 1 (4.2%) 0.62 
*derived from Fisher’s exact for categorical variables and Wilcoxon rank sum test for 

continuous variables.  Key:  BMS=bare metal stent; CABG=coronary bypass surgery; 

DES=drug eluting stent; IQR=(25-75% interquartile range); LAD=left anterior descending 
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coronary artery; LCx=left circumflex coronary artery; L Main=left main coronary artery; 

PCI=percutaneous coronary intervention; POBA=plain old balloon angioplasty; V=vessel. 

 


