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Out-of-hospital cardiac arrest (OHCA) is frequently triggered by acute myocardial ischemia. Coronary angiography is an

important component of post-resuscitation care for patients with OHCA without an evident noncardiac cause, to identify

underlying coronary artery disease and allow revascularization. Most patients undergoing coronary angiography after

OHCA have obstructive coronary artery disease, and nearly one-half of patients have acute coronary occlusion. Early

coronary angiography and percutaneous coronary intervention after OHCA have been associated with improved survival in

observational studies, but these studies demonstrate selection bias, and randomized trials are lacking. Selection of patients

for coronary angiography after OHCA can be challenging, particularly in comatose patients whose outcomes are driven

primarily by anoxic brain injury. As for other patients with acute coronary syndromes, patients with ST-segment elevation

after OHCA have a high probability of acute coronary occlusion warranting emergent coronary angiography. Patients with

cardiogenic shock after OHCA are a high-risk population also requiring emergent coronary angiography. Among patients in

stable condition after OHCA without ST-segment elevation, other clinical predictors can be used to identify those needing

early coronary angiography to identify obstructive coronary artery disease. Despite the challenges with early neurological

prognostication in comatose patients with OHCA, those with multiple objective markers of poor prognosis appear less

likely to benefit from revascularization, and early coronary angiography may be reasonably deferred in appropriately

selected patients meeting these criteria. The authors propose an algorithm to guide patient selection for coronary

angiography after OHCA that combines clinical predictors of acute coronary occlusion and early clinical predictors of severe

brain injury. (J Am Coll Cardiol Intv 2019;12:697–708) © 2019 by the American College of Cardiology Foundation.
O ut-of-hospital cardiac arrest (OHCA) is a
leading cause of death and disability world-
wide, affecting an estimated 360,000

adults each year in the United States (1–3). More
than one-half of patients who are initially resusci-
tated die in the hospital; the overall survival rate after
OHCA is 10% nationally (1,2,4). Recent efforts have
focused on improving post-resuscitation care,
including the use of targeted temperature manage-
ment (TTM) and coronary angiography (4–6). Coro-
nary angiography after OHCA remains controversial
because it is invasive and resource intensive, with
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no definite causal link to improved outcomes. The
aims of this review are to summarize the available
research, discuss the merits of coronary angiography
after OHCA without an evident noncardiac cause,
and outline approaches to management of this chal-
lenging condition.

EPIDEMIOLOGY OF CORONARY ARTERY

DISEASE IN PATIENTS WITH OHCA

Patients with OHCA are frequently found to have
coronary artery disease (CAD) at autopsy, and CAD is
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HIGHLIGHTS

� Coronary artery disease is the leading
cause of out-of-hospital cardiac arrest
(OHCA), and both early coronary angi-
ography and percutaneous coronary
intervention have been associated with
improved survival after OHCA.

� Guidelines recommend immediate coro-
nary angiography for OHCA patients with
ST-elevation myocardial infarction,
cardiogenic shock or recurrent ventricu-
lar arrhythmias, and consideration should
be given to performing coronary angiog-
raphy for all OHCA patients without an
apparent noncardiac arrest etiology.

� The decision to perform early coronary
angiography for OHCA patients should

ABBR EV I A T I ON S

AND ACRONYMS

ACO = acute coronary

occlusion

AMI = acute myocardial

infarction

CAD = coronary artery disease

CS = cardiogenic shock

ECLS = extracorporeal life

support

OHCA = out-of-hospital

cardiac arrest

PCI = percutaneous coronary

intervention

STE = ST-segment elevation

STEMI = ST-segment elevation

myocardial infarction

TTM = targeted temperature

management
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the most common trigger for OHCA in the
absence of an evident noncardiac cause (7).
OHCA may be the initial presentation of CAD
in 10% of patients, including up to one-half
of patients who die of CAD (7). In a landmark
study, Spaulding et al. (8) performed imme-
diate coronary angiography in 84 consecu-
tive patients with OHCA with no apparent
noncardiac cause, regardless of arrest rhythm
or ST-segment elevation (STE), which was
present in only 40%. Obstructive CAD was
present in 60 patients (71%), and 40 had
acute coronary occlusion (ACO). Successful
percutaneous coronary intervention (PCI)
was associated with 5-fold higher odds of
hospital survival (8). Subsequent observa-
tional studies of patients with OHCA under-
going coronary angiography have shown a
similar 70% prevalence of obstructive CAD,
balance the potential benefit of treating a
coronary culprit lesion with the possibil-
ity of severe anoxic brain injury which
could mitigate this benefit. Ongoing
randomized clinical trials will provide
needed evidence to guide these clinical
decisions.
with up to 50% of patients having ACO or angio-
graphic culprit vessels warranting PCI (9–13). Multi-
vessel obstructive CAD was reported in more than
one-half of patients with OHCA in a recent study (12).
Patients with OHCA who undergo coronary angiog-
raphy often differ substantially from those who do
not, which potentially leads to ascertainment bias
regarding the prevalence of CAD, influenced by pa-
tient selection for coronary angiography (14–16).
Nonetheless, studies using a more systematic
approach to coronary angiography in less selected
populations still demonstrate a high frequency of
CAD (9,12).

PREDICTORS OF CAD IN OHCA

There are numerous established and proposed pre-
dictors of CAD in patients with OHCA, including
clinical, electrocardiographic, imaging, and
biomarker findings (Table 1) (8,10,17–22). Shockable
arrest rhythms due to ventricular arrhythmias are
more prevalent in patients with ACO or who undergo
PCI after OHCA (9–12,23–26). Abnormalities on elec-
trocardiography are common after OHCA, with only
20% of patients having normal electrocardiographic
findings (9). STE is present on initial electrocardiog-
raphy in 25% to 30% of patients with OHCA and is
among the most specific predictors of ACO after OHCA
(5,8–11,17–22,27,28). The sensitivity of STE for the
presence of a culprit vessel warranting PCI after
OHCA may be as low as 60% to 70% (9–11). Staer-
Jensen et al. (20) identified angiographic culprit ves-
sels with impaired flow in almost 20% of patients with
OHCA with normal electrocardiographic findings.
Waldo et al. (17) created the ACS2 score for predicting
ACO after OHCA by combining STE (2 points) with
preceding angina, heart failure symptoms, and
shockable arrest rhythm (1 point each); 2% of patients
with ACS2 scores <2 had ACO, whereas 90% of pa-
tients with ACS2 scores of 4 or 5 had ACO.

OTHER CARDIAC TESTING. Serum troponin levels
are frequently increased after resuscitation from
OHCA, with as few as 8% of patients having normal
troponin I levels (10). Higher troponin levels are
associated with ACO after OHCA, but troponin levels
alone appear to have modest sensitivity and speci-
ficity (10,22). Left ventricular dysfunction and wall
motion abnormalities on echocardiography are com-
mon after OHCA, but it remains uncertain whether
these findings might predict CAD or ACO after OHCA
(21,29).

OBSERVATIONAL STUDIES OF OUTCOMES

WITH CORONARY ANGIOGRAPHY AND

PCI AFTER OHCA

When unstable CAD with ACO triggers OHCA, it is
plausible that coronary angiography and PCI will
rescue ischemic myocardium and improve cardiac
function and survival. However, the majority of
deaths occurring beyond the first 48 h after OHCA



TABLE 1 Predictors of Acute Coronary Occlusion in Patients With Out-of-Hospital

Cardiac Arrest

Evaluation Established Predictors Proposed Predictors

Clinical history Shockable arrest rhythm
(10,17,18)

Chest pain or
angina (8,17,18)

History of smoking, diabetes mellitus,
and/or CAD (10)

Heart failure symptoms (17)
Brief arrest (fewer epinephrine doses)

(10)

ECG findings ST-segment
elevation (8,10,17–22)

ST-segment depression (19,20)
QRS prolongation (19)

Other cardiac
testing

Increased serum troponin value
(10,21,22)

LV systolic dysfunction or regional
wall-motion abnormalities (21)

CAD ¼ coronary artery disease; ECG ¼ electrocardiographic; LV ¼ left ventricular.
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result from neurological injury, which is not directly
modified by coronary angiography and PCI, and pa-
tients with OHCA often die despite successful revas-
cularization (30,31). In clinical practice and
observational studies, patients with OHCA who are
selected for coronary angiography generally have
more favorable arrest characteristics and less severe
neurological injury, which leads to an inherent se-
lection bias when assessing the potential benefit of
coronary angiography (16,25,30,32). Most observa-
tional studies demonstrate lower mortality rates in
patients with OHCA who undergo coronary angiog-
raphy, even when revascularization is not performed
(9–12,14,16,25,30,33–35).

Table 2 summarizes select recent large studies
examining adjusted short-term mortality rates among
patients undergoing early coronary angiography after
OHCA. A meta-analysis including 50 studies and
3,800 patients showed greater survival in patients
with OHCA who did versus those who did not un-
dergo early coronary angiography (58.8% vs. 30.9%;
odds ratio: 2.77) (26). Most hospital survivors (>85%)
were neurologically intact, including patients who
were initially comatose, which led to increased rates
of neurologically intact survival with coronary angi-
ography after OHCA (26). An updated meta-analysis
of observational studies including 17,120 patients
confirmed these findings, reporting >50% relative
increases in short-term and long-term survival with
early coronary angiography (within 24 h) in comatose
patients with OHCA (36). A recent French national
observational study demonstrated improved overall
and neurologically intact survival among patients
with OHCA undergoing immediate coronary angiog-
raphy, even after propensity matching and multivar-
iate adjustment (33). Most studies examining
coronary angiography after OHCA primarily include
patients with STE on initial electrocardiography and/
or shockable arrest rhythm (Table 2), subgroups that
have consistently better outcomes (14,26). Superior
outcomes and a substantial prevalence of CAD have
been reported for patients with OHCA with non-
shockable rhythms or without STE (37–39) on elec-
trocardiography who underwent coronary
angiography (11,14,24,30,40,41).

Not all studies have demonstrated lower mortality
rates in patients with OHCA without STE on electro-
cardiography who undergo coronary angiography,
which leaves room for clinical equipoise (13,42,43). In
a post hoc analysis of 544 patients without STE in the
TTM trial, comparing patients who underwent coro-
nary angiography within 6 h of OHCA (including 40%
who underwent PCI) with those who did not, mor-
tality was not different after adjustment for known
predictors of mortality (13). Importantly, the risk for
bleeding was higher in patients undergoing early
coronary angiography. A higher rate of procedural
complications with early (vs. delayed) coronary
angiography after OHCA was recently reported (16).

BENEFITS OF CORONARY ANGIOGRAPHY VERSUS

REVASCULARIZATION. Observational studies have
suggested that PCI drives the benefit of coronary
angiography after OHCA and imply a considerable
selection bias favoring patients undergoing coronary
angiography (16,23,24,32). Geri et al. (32) identified a
stepwise decrease in long-term mortality rate with
early PCI compared with early coronary angiography
without PCI and no early coronary angiography in
1,722 patients with OHCA. The effect of early PCI on
30-day and 10-year mortality rate persisted after
propensity matching and adjustment, but the effect
of early coronary angiography without PCI did not
(32). Vyas et al. (23) demonstrated that the favorable
effect of early coronary angiography among 1,953
patients with OHCA with shockable arrest rhythm was
decreased after adjustment for revascularization.
Jentzer et al. (16) found that patients undergoing
early PCI had a lower risk for death after multivariate
adjustment, whereas patients undergoing early cor-
onary angiography without PCI had similar adjusted
outcomes as patients not undergoing early coronary
angiography. A recent study focusing on patients
with OHCA without STE reported improved survival
and higher rates of favorable neurological outcome
among patients undergoing immediate PCI (37).

BENEFITS OF EARLY CORONARY ANGIOGRAPHY.

As in acute coronary syndromes, timing of coronary
angiography after OHCA is important. The definition
of “early” coronary angiography differs in OHCA and
acute coronary syndrome research, varying between 2
and 24 h (26). Observational studies and meta-
analyses have shown superior outcomes in patients



TABLE 2 Select Recent Large Observational Studies Examining Short-Term Outcomes With Early Coronary Angiography After Out-of-Hospital

Cardiac Arrest Without Apparent Noncardiac Cause

First Author, Year (Ref. #) Country N* STE, % VT/VF, %
Patients Undergoing

PCI at ECA, %
Good Outcome†
With ECA, %

Good Outcome†
Without ECA, %

Propensity
Matching

Adjusted OR
(95% CI) for

Good Outcome†
With ECA

Bougouin et al., 2017 (35) France 1,817 18 55 43 NR NR Yes 1.43 (1.02–2.00)

Callaway et al., 2014 (25) Multiple 3,981 18 41 67 54 18 No 1.87 (1.15–3.04)

Dankiewicz et al., 2015 (13) Multiple 544 0 75 40 52 46 Yes 0.93 (0.66–1.30)

Jaeger et al., 2018 (33) France 7,584 NR 24 NR 45 24 Yes 1.41 (1.23–1.64)

Jentzer et al., 2018 (16) United States 599 23 51 53 56 31 Yes 1.51 (0.91–2.50)

Reynolds et al., 2014 (30) United States 1,011 16 28 56 47 21 No 1.95 (1.12–3.38)

Staudacher et al., 2018 (34) the Netherlands 507 43 NR 66 71 63 Yes 1.45 (0.73–2.86)

Vyas et al., 2015 (23) United States 4,029 44 100 64 589 40 Yes 1.47 (1.25–1.71)

Includes only studies with more than 500 patients published within the past 5 years that compared adjusted short-term survival (in-hospital or within 30 days) after multivariate analysis with
ECA (within 24 h of admission) vs. either delayed or no coronary angiography. *Number of patients with return of spontaneous circulation who were admitted to the hospital in each study.
†Includes survival (all studies) or survival with good neurologic outcome (preferentially reported when available). If ORs for poor outcomes (i.e., death or poor neurologic outcome) are
reported in the original study, the inverse is reported in this table for consistency.

ECA ¼ early coronary angiography; NR ¼ not reported; OR ¼ odds ratio; PCI ¼ percutaneous coronary intervention; STE ¼ ST-segment elevation; VF ¼ ventricular fibrillation; VT ¼
ventricular tachycardia.
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with OHCA with no apparent noncardiac cause who
undergo early coronary angiography compared with
delayed or no coronary angiography (26,36). A shorter
time from collapse to PCI has been associated with
better outcomes after OHCA (44), whereas a longer
time to coronary angiography was associated with
decreased benefit (32). Recent studies have demon-
strated improved survival for patients with OHCA
admitted directly to a hospital providing PCI, partic-
ularly a closer facility with more frequent use of
coronary angiography (6,45). On the basis of these
findings, patients with OHCA warranting coronary
angiography should generally have the procedure
performed early (within 2 to 6 h, the ideal timing
remaining uncertain).

ONGOING CLINICAL TRIALS. Given the limitations of
published observational studies, randomized
controlled trials are needed to determine whether
universal early coronary angiography improves
patient-centered outcomes after OHCA. Upcoming
randomized controlled trials including PEARL (Early
Coronary Angiography Versus Delayed Coronary
Angiography; NCT02387398), DISCO (Direct or Sub-
acute Coronary Angiography in Out-of-Hospital Car-
diac Arrest; NCT02309151), COUPE (Coronariography
in Out of Hospital Cardiac Arrest; NCT02641626),
EMERGE (Emergency Versus Delayed Coronary
Angiogram in Survivors of Out-of-Hospital Cardiac
Arrest; NCT02876458), TOMAHAWK (Immediate Un-
selected Coronary Angiography Versus Delayed
Triage in Survivors of Out-of-Hospital Cardiac Arrest
Without ST-Segment Elevation; NCT02750462), and
ACCESS (Access to the Cardiac Cath Lab in Patients
Without STEMI Resuscitated From Out-of-Hospital
VT/VF Cardiac Arrest; NCT03119571) will be evalu-
ating the benefits of early (<2 h from hospital arrival)
versus delayed ($6 h from arrival) coronary angiog-
raphy in patients with OHCA. Although not entirely
free from potential selection bias, these randomized
controlled trials will allow a better understanding of
clinical efficacy of early coronary angiography and
may provide data on the cost-effectiveness of uni-
versal early coronary angiography after OHCA.

CURRENT GUIDELINES FOR CORONARY

ANGIOGRAPHY AFTER OHCA

On the basis of consensus appropriate use criteria,
coronary angiography is deemed appropriate for
every patient with OHCA, although the optimal
timing should be determined on a case-by-case basis
(46). Consensus guidelines recommend emergent
coronary angiography as soon as possible for patients
with OHCA with STE or suspected acute myocardial
infarction (AMI) (Class I) or with hemodynamic or
electric instability, including shock or recurrent ven-
tricular arrhythmias (Class IIa) (5,28,47). As in pa-
tients without OHCA, coronary angiography should
generally be performed in patients with STE
myocardial infarction (STEMI) or cardiogenic shock
(CS), regardless of OHCA (27,28). Although guidelines
(5,28,46,47) are consistent regarding the need for
emergent coronary angiography in patients with
OHCA who are unstable or have STEMI, controversy
exists regarding the best approach to the more het-
erogeneous group of patients with OHCA in stable

https://clinicaltrials.gov/ct2/show/NCT02387398
https://clinicaltrials.gov/ct2/show/NCT02309151
https://clinicaltrials.gov/ct2/show/NCT02641626
https://clinicaltrials.gov/ct2/show/NCT02876458
https://clinicaltrials.gov/ct2/show/NCT02750462
https://clinicaltrials.gov/ct2/show/NCT03119571


TABLE 3 Indications for Coronary Angiography After Cardiac Arrest

Angiography

Indications

Class I Class IIa

Emergent coronary
angiography
(door-to-balloon
time <90 min)

ST-segment elevation
on ECG (5,28)

Suspected AMI (5,28)

Recurrent ventricular
arrhythmias (5)

Cardiogenic shock (5,47)

Nonemergent early
coronary angiography
(within 2–24 h)

Established indications
ST-segment depression or other

ischemic changes on
ECG (19,20)

Shockable arrest
rhythm (10,17,18)

Proposed indications
Increased or increasing

troponin level (10,21,22)
LV systolic

dysfunction (21)
Multiple clinical predictors

(e.g., ACS2 score) (17)

AMI ¼ acute myocardial infarction; ECG ¼ electrocardiography; LV ¼ left ventricular.

TABLE 4 Early Predictors of Adverse Outcomes After Cardiac

Arrest (30,50–52)

Patient characteristics

� Advanced age

� End-stage organ failure

Arrest circumstances

� Unwitnessed arrest

� Lack of bystander CPR

� No-flow duration >10 min before initiation of CPR

� Prolonged CPR (>30 min)

� Ongoing CPR at hospital arrival

� Non-VT/VF arrest rhythm, especially asystole

� Noncardiac cause of arrest (e.g., traumatic)

� Need for >3 doses of epinephrine before ROSC

Clinical assessment

� Severe lactic acidosis (pH <7.2 and/or lactate value >7 mmol/l)

� Unresponsive to pain, with missing brainstem reflexes

� Brain edema on head CT

� Myoclonus on examination

Note that each individual predictor has limited sensitivity and/or specificity, and
multiple predictors should be combined for clinical decision making.

CPR ¼ cardiopulmonary resuscitation; CT ¼ computed tomography; ROSC ¼
return of spontaneous circulation; VF ¼ ventricular fibrillation; VT ¼ ventricular
tachycardia.
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condition without STEMI, who have a substantial
incidence of CAD and ACO in observational studies.
Potential findings that might help identify patients
with OHCA in stable condition without STE as can-
didates for early coronary angiography are summa-
rized in Table 3 (5,10,17,19–22,28,47). The presence of
a shockable arrest rhythm, ischemic electrocardio-
graphic changes, or multiple predictors of ACO may
help select such patients for early coronary
angiography.

An important question is whether all patients with
OHCA in stable condition without an obvious
noncardiac cause should undergo coronary angiog-
raphy. Recent European Association of Percutaneous
Cardiovascular Interventions guidelines recommend
direct admission of all patients with OHCA with
STEMI for emergent catheterization and advise coro-
nary angiography within 2 h for all comatose patients
with OHCA after initial assessment to exclude
obvious noncardiac causes of arrest (47). These de-
cisions are modulated by the presence of predictive
factors for poor survival such as advanced age, pro-
longed no-flow duration, or initial rhythm of asystole.
This practice would allow the highest sensitivity for
ACO but requires substantial resource utilization (48).
In contrast, a conservative strategy would reserve
early coronary angiography for patients with OHCA
who have suspected AMI, clinical instability, or pre-
dictors of ACO, whereas other patients could have
delayed or selective coronary angiography (5). This
approach, however, may withhold coronary angiog-
raphy in an important minority of patients who could
benefit. These strategies are being compared in
ongoing randomized controlled trials.

BRAIN INJURY AND CORONARY

ANGIOGRAPHY AFTER OHCA

The decision to perform coronary angiography after
OHCA is complicated by the frequent presence of
coma early after resuscitation, although coma is not a
contraindication to coronary angiography after OHCA
(5,28). Despite initially being comatose, many pa-
tients with OHCA have full neurological recovery, and
at least 72 h is typically required for adequate
neurological prognostication (5,26,49). Recent
consensus guidelines recommend that comatose pa-
tients with OHCA be treated with TTM, initiated
concurrently with coronary angiography, to increase
their chances of neurological recovery; performance
of coronary angiography should not delay the initia-
tion of TTM (5). Despite the controversy surrounding
optimal use of TTM after OHCA and pending
completion of the ongoing TTM2 (Targeted
Hypothermia Versus Targeted Normothermia After
Out-of-Hospital Cardiac Arrest) study (NCT02908308),
our current practice is to cool comatose patients with
OHCA to 36�C for 24 h in the absence of contraindi-
cations (5). Current guidelines recommend emergent
coronary angiography in patients with OHCA with
STE or suspected AMI, independent of coma (Class I)
(5,28). Nonetheless, studies have suggested that pa-
tients with OHCA with severe brain injury are less
likely to benefit from coronary angiography and
revascularization, and in patients with OHCA with
convincing evidence of severe brain injury, it may be
reasonable to defer early coronary angiography for

https://clinicaltrials.gov/ct2/show/NCT02908308


CENTRAL ILLUSTRATION Proposed Algorithm for Selection of Patients for Coronary Angiography and
Extracorporeal Life Support After Out-of-Hospital Cardiac Arrest

OHCA Without Evident Noncardiac Cause

Coronary angiography
Culprit vessel-only PCI

Initiate TTM
Initiate ECLS if available

Avoid routine IABP use

Determine candidacy for
coronary angiography

Mechanical CPR
Determine candidacy for

ECLS initiation if available

Refractory cardiac arrest

Established indications for
immediate coronary angiography:

Proposed indications for early
coronary angiography:

•  STEMI or suspected AMI
•  Cardiogenic shock
•  Recurrent cardiac arrest

Adverse prognostic signs that reduce

•  Advanced age/comorbid
   conditions

•  Prolonged resuscitation
•  Initial rhythm of asystole
•  Severe lactic acidosis

•  Myoclonus or brain edema

Assess exclusion criteria for ECLS:

•  Initial rhythm of VT/VF
•  Ischemic ECG changes
•  Severe LV dysfunction
•  Predictors of CAD/ACO

•  
    

•  Unwitnessed arrest
•  No-flow time > 10 min
•  Initial rhythm of asystole
•  Severe lactic acidosis
•  Low ETCO  (<10 mm Hg)
•  Unfavorable anatomy
•  Refractory hypoxemia
•  Collapse-to-ECLS >60 min

2

Delayed PCI for complete
revascularization

NO

NO

NONE/FEW

YES
WITHIN 2 HRS*

NEUROLOGIC
RECOVERY

NONE PRESENT

MULTIPLE

YES

NONE/E F// EW

TIMING UNCERTAIN

ICU admission 
Continue TTM 

Successfully resuscitated

conditions 
Advanced age/comorbid

Jentzer, J.C. et al. J Am Coll Cardiol Intv. 2019;12(8):697–708.

This proposed algorithm and cutoff values have not been prospectively validated, and controversy exists regarding whether all patients without an evident noncardiac

cause of out-of-hospital cardiac arrest (OHCA) warrant inpatient coronary angiography. Predictors of acute coronary occlusion (ACO) used to select patients for

coronary angiography are from Table 1. Predictors of adverse outcome used to identify patients with lower benefit from coronary angiography are from Table 4.

*A door-to-balloon time <90 min is recommended for STEMI. AMI ¼ acute myocardial infarction; CAD ¼ coronary artery disease; CPR ¼ cardiopulmonary resusci-

tation; ECG ¼ electrocardiography; ECLS ¼ extracorporeal life support; ETCO2 ¼ end-tidal CO2; IABP ¼ intra-aortic balloon pump; ICU ¼ intensive care unit; LV ¼ left

ventricular; PCI ¼ percutaneous coronary intervention; STEMI ¼ ST-segment elevation myocardial infarction; TTM ¼ targeted temperature management; VF ¼
ventricular fibrillation; VT ¼ ventricular tachycardia.
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those without a strong indication such as STEMI
(30,50). Markers of neurological injury used in
clinical decision making should be specific and
combined to avoid withholding coronary angiog-
raphy in patients who might benefit (5,50). The
robust predictors of neurological outcome used for
later neurological prognostication are generally un-
available early in the clinical course (first 2 to 24 h),
when decisions about coronary angiography are
typically made.

Rab et al. (50) recently proposed that patient se-
lection for coronary angiography should account for
unfavorable cardiac arrest characteristics that are
predictors of severe systemic ischemic damage known
to predict worse outcomes (Table 4) (30,50–52).
Advanced age is a known risk factor for poor outcome
after OHCA and has been used as an exclusion crite-
rion for coronary angiography in several studies, with
proposed age cutoffs varying from 65 to 85 years
(9,12,50,52). For decision-making purposes, we
believe it is important to interpret age in the context
of premorbid functional status and comorbid condi-
tions. Patients with several adverse markers most
likely have severe neurological injury that would
nullify the potential benefit of coronary angiography
and revascularization, and it may be appropriate to
exclude such patients from early coronary angiog-
raphy (50). Supporting this hypothesis, a recent study
showed no survivors among 772 patients who had
unwitnessed OHCA due to an initial nonshockable
rhythm that required more than 3 doses of epineph-
rine before return of spontaneous circulation (51). In a
study of 1,011 patients with OHCA, Reynolds et al.
(30) showed that patients with OHCA who were un-
responsive and missing multiple brain stem reflexes
on early neurological examination did not benefit
from early coronary angiography and died primarily
of neurological injury, regardless of coronary angi-
ography. Accuracy for determining neurological
prognosis may be limited early in the management
pathway for OHCA; when any uncertainty exists, it is
best to err on the side of ongoing supportive care and
coronary angiography, if indicated.

The presence of brain edema on computed tomog-
raphy (defined as a quantitative grey-white matter
density ratio <1.2) appears to be highly predictive of
poor neurological outcome after OHCA (53). Sustained
myoclonus on neurological examination in a comatose
patient after OHCA (particularly coupled with
abnormal electroencephalographic results) is associ-
ated with poor prognosis from anoxic brain injury (54).
Further prospective evaluation is needed to assess
whether these markers can determine candidacy for
coronary angiography after OHCA or potentially be
used as exclusion criteria in future randomized
controlled trials of coronary angiography after OHCA
before routine integration into clinical practice.

A BALANCED APPROACH TO CORONARY

ANGIOGRAPHY AFTER OHCA

The anticipated clinical benefit of coronary angiog-
raphy in patients with OHCA without STEMI, sus-
pected AMI, or CS is a balance between the likelihood
of a culprit lesion that is amenable to PCI and the
presence of severe neurological injury that could
nullify a benefit from PCI (50). A balanced approach
to coronary angiography after OHCA might integrate
markers of ACO and neurological injury to identify
patients most likely to benefit; the threshold for
coronary angiography would be directly proportional
to the extent of neurological injury. Per European
Association of Percutaneous Cardiovascular In-
terventions guidelines, all patients with OHCA
without markers of severe neurological injury and
with no evident noncardiac cause of arrest would
undergo coronary angiography; early coronary angi-
ography is preferred, especially if ACO is likely (47).
Overall, clinicians should favor coronary angiography
after OHCA, especially for patients who are clinically
unstable (47). Patients with OHCA with a strong
indication for emergent coronary angiography such
as STEMI or CS (Table 3) should undergo catheteri-
zation immediately, regardless of brain injury
severity (5,28). In patients with OHCA without a
strong indication for emergent coronary angiography
who have indicators suggesting CAD and ACO
(Table 1), early coronary angiography should be
considered, unless there are multiple objective
markers of severe brain injury (Table 4). In patients
with OHCA without evidence suggesting underlying
CAD or ACO, coronary angiography may reasonably
be deferred, particularly if there is evidence of sig-
nificant brain injury. Patients with multiple markers
of neurological injury would only be offered early
coronary angiography in the setting of STE, sus-
pected AMI, or clinical instability (5). A decision to
defer early coronary angiography because of antici-
pated poor prognosis does not preclude ongoing
supportive care, and TTM and delayed coronary
angiography should be considered in the event of
neurological recovery or evidence of myocardial
ischemia. On the basis of the evidence and guide-
lines, we propose an algorithm for selecting patients
for early coronary angiography based on the likeli-
hood of unstable CAD and/or ACO combined with the
likelihood of severe brain injury (Central Illustration)
(49,50).
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Antiplatelet and anticoagulant therapy is central to
acute management of acute coronary syndromes and
patients undergoing PCI, including those with OHCA
(27,28). However, patients with OHCA who receive
antithrombotic drugs as part of an early invasive
strategy may be at significant risk for bleeding from
trauma sustained during chest compressions and
other factors (13,16). The optimal timing of anti-
thrombotic therapy initiation in patients with OHCA
undergoing PCI remains uncertain, but guidelines
recommend administration of anticoagulant and
dual-antiplatelet therapy before coronary angiog-
raphy in most patients with suspected AMI (27,28).
Comatose patients with OHCA may require placement
of a nasogastric tube to allow administration of dual-
antiplatelet therapy. Ticagrelor may be preferred over
clopidogrel in patients with OHCA undergoing PCI
because of its faster and more extensive platelet in-
hibition during TTM (55,56). Intravenous antiplatelet
agents may be useful in patients who cannot be
adequately loaded with oral dual-antiplatelet therapy
before PCI, but increased bleeding has been reported
with glycoprotein IIb/IIIa inhibitors after OHCA
(27,28,56,57).

MANAGEMENT OF SHOCK IN

PATIENTS WITH OHCA

Patients resuscitated from OHCA are critically ill,
requiring close care collaboration among cardiology
subspecialists, intensivists, neurologists, and other
health professionals, potentially as part of a post–
cardiac arrest team (58). Approximately 70% of pa-
tients resuscitated from OHCA are hemodynamically
unstable with vasopressor-dependent shock, and
these patients have substantially higher mortality
rates and worse neurological outcomes (29,49). Shock
after OHCA is dynamic, typically progressing from a
low-output CS phenotype to a vasodilatory shock
phenotype mimicking sepsis; in our clinical experi-
ence, invasive hemodynamic monitoring including
pulmonary artery catheterization can be helpful for
patients with OHCA with severe shock (29,49).
Norepinephrine appears to have a more favorable
safety profile than either dopamine or epinephrine
when used for vasopressor support in patients with
shock (59,60). Inotropic support may be needed for
post-arrest myocardial dysfunction in patients with
CS after OHCA, and low-dose dobutamine has been
effective for this indication in preclinical studies
(29,61).

Patients with CS complicating OHCA represent a
particularly challenging and high-risk cohort (62),
with worse outcomes than patients with either entity
alone. Contemporary trials of patients with CS in AMI
have included approximately 50% patients with
OHCA, which emphasizes the overlap between these 2
conditions (63–65). Revascularization remains the
cornerstone of CS management (63,66,67), with
recent data clarifying the role of culprit vessel–only
PCI for patients with CS who have AMI and multi-
vessel CAD. In the CULPRIT-SHOCK study by Thiele
et al. (63), 706 patients with CS from AMI with mul-
tivessel CAD (including 366 with OHCA) were
randomly assigned to culprit vessel–only PCI or im-
mediate multivessel PCI to all lesions. They reported
that the risk for death at 30 days was lower in the
group receiving culprit vessel–only PCI (relative risk:
0.84; p ¼ 0.03). Patients with uncomplicated STEMI
and multivessel CAD seem to have lower cardiovas-
cular event rates after complete revascularization
with multivessel PCI, which suggests that patients
with OHCA with multivessel CAD who recover after
an initial culprit vessel–only PCI strategy might
benefit from delayed PCI to nonculprit arteries during
or shortly after the index hospitalization (68).

Despite favorable hemodynamic effects in CS,
percutaneous mechanical circulatory support devices
have not clearly decreased the risk for death
compared with medical therapy alone (64,65,69). In
the IABP-SHOCK-II study by Thiele et al. (64), 598
patients with AMI and CS (including 270 with OHCA)
were randomly assigned to receive an intra-aortic
balloon pump or not; there was no difference in the
risk for death at 30 days (relative risk: 0.96; p ¼ 0.69)
or in any other major endpoint. The subsequent
IMPRESS study randomly assigned 48 patients with
CS (44 with OHCA) to placement of the Impella
(Abiomed, Danvers, Massachusetts) percutaneous left
ventricular assist system or an intra-aortic balloon
pump; there was no observed difference in mortality
rates (65). These studies do not support the routine
use of percutaneous mechanical circulatory support
devices or multivessel PCI in patients with CS after
OHCA (63–65,67,69). Observational studies support
the selective use of extracorporeal life support (ECLS)
for patients with refractory CS (70), including patients
resuscitated from OHCA, with acceptable short-term
survival rates in appropriately selected patients.

REFRACTORY OHCA AND THE ROLE OF ECLS

Persons with OHCA who do not rapidly achieve return
of spontaneous circulation during initial attempts at
resuscitation have a sharply decreasing likelihood of
survival as the duration of cardiopulmonary resusci-
tation increases (especially longer than 20 min) (71).
According to current American Heart Association
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guidelines, select patients with OHCA that is re-
fractory to initial resuscitation attempts can be sta-
bilized using ECLS during ongoing cardiopulmonary
resuscitation (Central Illustration) (72). Definitions of
refractory OHCA differ; one proposed definition of
refractory ventricular fibrillation is persistent ven-
tricular fibrillation after 3 defibrillation attempts and
administration of at least 300 mg of amiodarone (73).
Several observational studies (73–76) have demon-
strated the feasibility of ECLS for refractory OHCA in
the pre-hospital setting, emergency department, and
cardiac catheterization laboratory, with reported
survival rates of 30% to 40%. Most of these studies
are based on regimented treatment protocols that
include mechanical cardiopulmonary resuscitation
before and during ECLS deployment, immediate cor-
onary angiography and TTM after ECLS initiation
(73,75,76), and strict inclusion and exclusion criteria.
The prevalence of CAD is high (up to 84%) among
patients with refractory ventricular fibrillation OHCA
treated with ECLS, with most having complex or
multivessel CAD (73,76).

Because of the demanding and resource-intensive
nature of ECLS, strict eligibility criteria should be
followed. Most published studies (73–76) have
included patients younger than 65 to 75 years with
refractory witnessed OHCA due to ventricular
tachycardia or ventricular fibrillation, <10 min of no-
flow time before cardiopulmonary resuscitation
initiation, and <60 min from collapse to ECLS initi-
ation. Other proposed criteria used to exclude pa-
tients include low end-tidal CO2 (<10 mm Hg),
refractory hypoxemia, or profound lactic acidosis
before ECLS initiation. Although individual studies
have reported decreased mortality rates and
improved neurological outcomes compared with
conventional cardiopulmonary resuscitation, a sys-
tematic review concluded that data remain insuffi-
cient to support a mortality benefit of ECLS in
refractory OHCA at this time (70,74,75). Upcoming
randomized controlled trials examining the use of
ECLS for refractory OHCA include APACAR2 (A
Comparative Study Between a Pre-Hospital and an
In-Hospital Circulatory Support Strategy [ECMO] in
Refractory Cardiac Arrest; NCT02527031), EROCA
(ECPR for Refractory Out-of-Hospital Cardiac Arrest;
NCT03065647), INCEPTION (Early Initiation of
Extracorporeal Life Support in Refractory OHCA;
NCT03101787), and HACA (Hyperinvasive Approach
in Cardiac Arrest; NCT0151666); these studies will
help define the role of ECLS in OHCA care, which is
likely to expand as experience with ECLS evolves.
Logistical questions such as the optimal location and
protocol for ECLS deployment and the ideal timing
of ECLS initiation with respect to coronary angiog-
raphy remain to be determined.

THE ROLE OF PCI OUTCOME REPORTING

AFTER OHCA

In the United States, use of coronary angiography
after OHCA has historically been low, with <20% of
patients admitted to the hospital after OHCA under-
going inpatient coronary angiography and <10% un-
dergoing PCI (4). The use of coronary angiography
after OHCA appears to be increasing and is associated
with improved outcomes (14). Revascularization rates
are now 50% nationally in patients with AMI and CS,
which suggests that providers may be more comfort-
able performing PCI in patients with CS than after
OHCA (63,64,77). Barriers to coronary angiography
after OHCA were discussed in recent American Heart
Association and American College of Cardiology
statements (48,78). Therapeutic nihilism and lack of
understanding of early neurological prognostication
after OHCA may contribute to low rates of coronary
angiography after OHCA, despite meta-analysis data
showing almost 60% overall survival and good
neurological outcome in more than 85% of appropri-
ately selected patients with OHCA undergoing coro-
nary angiography (26). This compares favorably with
the approximately 60% survival rate in contemporary
trials of CS (63,64). The high mortality rate for pa-
tients with OHCA or CS could skew the reported PCI
mortality rates, even if coronary angiography and PCI
are beneficial (48). Public reporting may be associated
with lower use of PCI for high-risk populations such
as patients with OHCA or CS, which contributes to
worse outcomes (78). Considering coronary angiog-
raphy after OHCA as a “salvage” procedure could
potentially remove the disincentive for aggressive
coronary angiography (48,78).

CONCLUSIONS

CAD is the most frequent cause of OHCA, and most
patients with OHCA without an apparent noncardiac
cause have obstructive CAD. ACO is difficult to pre-
dict using individual markers such as clinical his-
tory, electrocardiography, or troponin. Coronary
angiography appears beneficial in patients with
OHCA without an apparent noncardiac cause to
identify CAD and revascularize acute coronary le-
sions. Patients with STE, recurrent arrhythmias, or
CS warrant emergent coronary angiography, regard-
less of neurologic status. Patients with ventricular

https://clinicaltrials.gov/ct2/show/NCT02527031
https://clinicaltrials.gov/ct2/show/NCT03065647
https://clinicaltrials.gov/ct2/show/NCT03101787
https://clinicaltrials.gov/ct2/show/NCT01511666
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tachycardia or ventricular fibrillation arrests, other
ischemic electrocardiographic changes, high or
increasing troponin levels, and/or left ventricular
systolic dysfunction should generally be referred for
early coronary angiography, whereas coronary angi-
ography can be deferred initially in other patients,
especially patients in stable condition with sus-
pected underlying CAD who have multiple clear
markers of adverse prognosis or severe brain injury.
Patients with CS after OHCA appear to benefit from
initial culprit vessel–only PCI, and randomized
controlled trial data do not support the routine use
of percutaneous mechanical circulatory support de-
vices. For refractory OHCA, select patients may be
considered for ECLS to provide hemodynamic
support and allow emergent coronary angiography
and PCI. The use of referral networks to facilitate
transfer of patients with OHCA to specialized cardiac
arrest centers may improve patient outcomes and
increase recruitment into clinical trials. Ongoing
randomized controlled trials of coronary angiog-
raphy timing and ECLS use in patients with OHCA
will provide much-needed data to help guide these
important clinical decisions.

ADDRESS FOR CORRESPONDENCE: Dr. Jacob C.
Jentzer, Mayo Clinic, Department of Cardiovascular
Medicine, 200 First Street SW, Rochester, Minne-
sota 55905. E-mail: jentzer.jacob@mayo.edu.
RE F E RENCE S
1. Mozaffarian D, Benjamin EJ, Go AS, et al. Heart
disease and stroke statistics—2016 update: a
report from the American Heart Association. Cir-
culation 2016;133:e38–360.

2. McNally B, Robb R, Mehta M, et al. Out-of-
hospital cardiac arrest surveillance—Cardiac Arrest
Registry to Enhance Survival (CARES), United
States, October 1 2005–December 31 2010.
MMWR Surveill Summ 2011;60:1–19.

3. Aufderheide TP, Nolan JP, Jacobs IG, et al.
Global health and emergency care: a resuscitation
research agenda—part 1. Acad Emerg Med 2013;
20:1289–96.

4. Fugate JE, Brinjikji W, Mandrekar JN, et al.
Post-cardiac arrest mortality is declining: a study
of the US National Inpatient Sample 2001 to
2009. Circulation 2012;126:546–50.

5. Callaway CW, Donnino MW, Fink EL, et al. Part
8: post-cardiac arrest care: 2015 American Heart
Association guidelines update for cardiopulmonary
resuscitation and emergency cardiovascular care.
Circulation 2015;132:S465–82.

6. Tranberg T, Lippert FK, Christensen EF, et al.
Distance to invasive heart centre, performance of
acute coronary angiography, and angioplasty and
associated outcome in out-of-hospital cardiac ar-
rest: a nationwide study. Eur Heart J 2017;38:
1645–52.

7. Fishman GI, Chugh SS, Dimarco JP, et al. Sudden
cardiac death prediction and prevention: report
from a National Heart, Lung, and Blood Institute
and Heart Rhythm Society Workshop. Circulation
2010;122:2335–48.

8. Spaulding CM, Joly LM, Rosenberg A, et al.
Immediate coronary angiography in survivors of
out-of-hospital cardiac arrest. N Engl J Med 1997;
336:1629–33.

9. Dumas F, Cariou A, Manzo-Silberman S, et al.
Immediate percutaneous coronary intervention is
associated with better survival after out-of-
hospital cardiac arrest: insights from the PROCAT
(Parisian Region Out of hospital Cardiac Arrest)
registry. Circ Cardiovasc Interv 2010;3:200–7.
10. Dumas F, Manzo-Silberman S, Fichet J, et al.
Can early cardiac troponin I measurement help to
predict recent coronary occlusion in out-of-
hospital cardiac arrest survivors? Crit Care Med
2012;40:1777–84.

11. Kern KB, Lotun K, Patel N, et al. Outcomes of
comatose cardiac arrest survivors with and
without ST-segment elevation myocardial infarc-
tion: importance of coronary angiography. J Am
Coll Cardiol Intv 2015;8:1031–40.

12. Garcia S, Drexel T, Bekwelem W, et al. Early
access to the cardiac catheterization laboratory for
patients resuscitated from cardiac arrest due to a
shockable rhythm: the Minnesota Resuscitation
Consortium Twin Cities Unified Protocol. J Am
Heart Assoc 2016;5:e002670.

13. Dankiewicz J, Nielsen N, Annborn M, et al.
Survival in patients without acute ST elevation
after cardiac arrest and association with early
coronary angiography: a post hoc analysis from
the TTM trial. Intensive Care Med 2015;41:856–64.

14. Patel N, Patel NJ, Macon CJ, et al. Trends and
outcomes of coronary angiography and percuta-
neous coronary intervention after out-of-hospital
cardiac arrest associated with ventricular fibrilla-
tion or pulseless ventricular tachycardia. JAMA
Cardiol 2016;1:890–9.

15. Kim LK, Looser P, Swaminathan RV, et al. Sex-
based disparities in incidence, treatment, and
outcomes of cardiac arrest in the United States
2003–2012. J Am Heart Assoc 2016;5:e003704.

16. Jentzer JC, Scutella M, Pike F, et al. Early
coronary angiography and percutaneous coronary
intervention are associated with improved out-
comes after out of hospital cardiac arrest. Resus-
citation 2018;123:15–21.

17. Waldo SW, Chang L, Strom JB, O’Brien C,
Pomerantsev E, Yeh RW. Predicting the presence
of an acute coronary lesion among patients
resuscitated from cardiac arrest. Circ Cardiovasc
Interv 2015;8:e002198.

18. Garcia-Tejada J, Jurado-Roman A, Rodriguez J,
et al. Post-resuscitation electrocardiograms, acute
coronary findings and in-hospital prognosis of
survivors of out-of-hospital cardiac arrest. Resus-
citation 2014;85:1245–50.

19. Sideris G, Voicu S, Dillinger JG, et al. Value of
post-resuscitation electrocardiogram in the diag-
nosis of acute myocardial infarction in out-of-
hospital cardiac arrest patients. Resuscitation
2011;82:1148–53.

20. Staer-Jensen H, Nakstad ER, Fossum E, et al.
Post-resuscitation ECG for selection of patients for
immediate coronary angiography in out-of-
hospital cardiac arrest. Circ Cardiovasc Interv
2015;8:e002784.

21. Lee SE, Uhm JS, Kim JY, Pak HN, Lee MH,
Joung B. Combined ECG, echocardiographic, and
biomarker criteria for diagnosing acute myocardial
infarction in out-of-hospital cardiac arrest pa-
tients. Yonsei Med J 2015;56:887–94.

22. Voicu S, Sideris G, Deye N, et al. Role of cardiac
troponin in the diagnosis of acute myocardial
infarction in comatose patients resuscitated from
out-of-hospital cardiac arrest. Resuscitation 2012;
83:452–8.

23. Vyas A, Chan PS, Cram P, Nallamothu BK,
McNally B, Girotra S. Early coronary angiography
and survival after out-of-hospital cardiac arrest.
Circ Cardiovasc Interv 2015;8:e002321.

24. Kim MJ, Ro YS, Shin SD, et al. Association of
emergent and elective percutaneous coronary
intervention with neurological outcome and sur-
vival after out-of-hospital cardiac arrest in pa-
tients with and without a history of heart disease.
Resuscitation 2015;97:115–21.

25. Callaway CW, Schmicker RH, Brown SP, et al.
Early coronary angiography and induced hypo-
thermia are associated with survival and functional
recovery after out-of-hospital cardiac arrest.
Resuscitation 2014;85:657–63.

26. Camuglia AC, Randhawa VK, Lavi S,
Walters DL. Cardiac catheterization is associated
with superior outcomes for survivors of out of
hospital cardiac arrest: review and meta-analysis.
Resuscitation 2014;85:1533–40.

27. Anderson JL, Adams CD, Antman EM, et al.
2012 ACCF/AHA focused update incorporated into

mailto:jentzer.jacob@mayo.edu
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref1
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref1
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref1
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref1
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref2
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref2
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref2
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref2
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref2
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref3
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref3
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref3
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref3
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref4
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref4
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref4
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref4
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref5
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref5
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref5
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref5
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref5
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref6
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref6
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref6
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref6
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref6
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref6
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref7
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref7
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref7
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref7
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref7
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref8
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref8
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref8
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref8
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref9
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref9
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref9
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref9
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref9
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref9
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref10
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref10
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref10
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref10
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref10
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref11
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref11
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref11
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref11
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref11
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref12
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref12
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref12
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref12
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref12
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref12
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref13
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref13
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref13
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref13
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref13
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref14
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref14
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref14
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref14
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref14
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref14
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref15
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref15
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref15
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref15
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref16
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref16
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref16
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref16
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref16
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref17
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref17
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref17
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref17
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref17
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref18
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref18
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref18
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref18
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref18
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref19
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref19
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref19
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref19
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref19
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref20
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref20
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref20
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref20
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref20
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref21
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref21
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref21
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref21
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref21
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref22
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref22
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref22
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref22
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref22
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref23
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref23
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref23
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref23
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref24
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref24
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref24
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref24
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref24
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref24
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref25
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref25
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref25
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref25
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref25
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref26
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref26
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref26
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref26
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref26
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref27
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref27


J A C C : C A R D I O V A S C U L A R I N T E R V E N T I O N S V O L . 1 2 , N O . 8 , 2 0 1 9 Jentzer et al.
A P R I L 2 2 , 2 0 1 9 : 6 9 7 – 7 0 8 Catheterization After Cardiac Arrest

707
the ACCF/AHA 2007 guidelines for the manage-
ment of patients with unstable angina/non-ST-
elevation myocardial infarction: a report of the
American College of Cardiology Foundation/
American Heart Association Task Force on Practice
Guidelines. J Am Coll Cardiol 2013;61:e179–347;
erratum in: J Am Coll Cardiol 2013;62:1040-1.

28. O’Gara PT, Kushner FG, Ascheim DD, et al.
2013 ACCF/AHA guideline for the management of
ST-elevation myocardial infarction: a report of the
American College of Cardiology Foundation/
American Heart Association Task Force on Practice
Guidelines. J Am Coll Cardiol 2013;61:e78–140.

29. Jentzer JC, Chonde MD, Dezfulian C. Myocar-
dial dysfunction and shock after cardiac arrest.
Biomed Res Int 2015;2015:314796.

30. Reynolds JC, Rittenberger JC, Toma C,
Callaway CW, Post Cardiac Arrest Service. Risk-
adjusted outcome prediction with initial post-
cardiac arrest illness severity: implications for
cardiac arrest survivors being considered for early
invasive strategy. Resuscitation 2014;85:1232–9.

31. Dragancea I, Rundgren M, Englund E,
Friberg H, Cronberg T. The influence of induced
hypothermia and delayed prognostication on the
mode of death after cardiac arrest. Resuscitation
2013;84:337–42.

32. Geri G, Dumas F, Bougouin W, et al. Immediate
percutaneous coronary intervention is associated
with improved short- and long-term survival after
out-of-hospital cardiac arrest. Circ Cardiovasc
Interv 2015;8:e002303.

33. Jaeger D, Dumas F, Escutnaire J, et al. Benefit
of immediate coronary angiography after out-of-
hospital cardiac arrest in France: a nationwide
propensity score analysis from the ReAC Registry.
Resuscitation 2018;126:90–7.

34. Staudacher II, den Uil C, Jewbali L, et al.
Timing of coronary angiography in survivors of
out-of-hospital cardiac arrest without obvious
extracardiac causes. Resuscitation 2018;123:
98–104.

35. Bougouin W, Dumas F, Marijon E, et al. Gender
differences in early invasive strategy after cardiac
arrest: Insights from the PROCAT registry. Resus-
citation 2017;114:7–13.

36. Welsford M, Bossard M, Shortt C, Pritchard J,
Natarajan MK, Belley-Cote EP. Does early coronary
angiography improve survival after out-of-
hospital cardiac arrest? a systematic review with
meta-analysis. Can J Cardiol 2018;34:180–94.

37. Dumas F, Bougouin W, Geri G, et al. Emer-
gency percutaneous coronary intervention in post-
cardiac arrest patients without ST-segment
elevation pattern: insights from the PROCAT II
registry. J Am Coll Cardiol Intv 2016;9:1011–8.

38. Wilson M, Grossestreuer AV, Gaieski DF,
Abella BS, Frohna W, Goyal M. Incidence of coro-
nary intervention in cardiac arrest survivors with
non-shockable initial rhythms and no evidence of
ST-elevation MI (STEMI). Resuscitation 2017;113:
83–6.

39. Millin MG, Comer AC, Nable JV, et al. Patients
without ST elevation after return of spontaneous
circulation may benefit from emergent percuta-
neous intervention: A systematic review and meta-
analysis. Resuscitation 2016;108:54–60.
40. Hollenbeck RD, McPherson JA, Mooney MR,
et al. Early cardiac catheterization is associated
with improved survival in comatose survivors of
cardiac arrest without STEMI. Resuscitation 2014;
85:88–95.

41. Meuwese CL, Meijburg H, Kort E, van Dijk J.
Are superior outcomes of early coronary angiog-
raphy versus a conservative approach in survivors
after out-of-hospital cardiac arrest driven by
subsets of patients with ST-elevations? Resusci-
tation 2016;103:e11–2.

42. Kleissner M, Sramko M, Kohoutek J,
Kautzner J, Kettner J. Impact of urgent coronary
angiography on mid-term clinical outcome of
comatose out-of-hospital cardiac arrest survivors
presenting without ST-segment elevation. Resus-
citation 2015;94:61–6.

43. Bro-Jeppesen J, Kjaergaard J, Wanscher M,
et al. Emergency coronary angiography in coma-
tose cardiac arrest patients: do real-life experi-
ences support the guidelines? Eur Heart J Acute
Cardiovasc Care 2012;1:291–301.

44. Jeong J, Ro YS, Shin SD, Song KJ, Hong KJ,
Ahn KO. Association of time from arrest to
percutaneous coronary intervention with survival
outcomes after out-of-hospital cardiac arrest.
Resuscitation 2017;115:148–54.

45. Kragholm K, Malta Hansen C, Dupre ME, et al.
Direct transport to a percutaneous cardiac inter-
vention center and outcomes in patients with out-
of-hospital cardiac arrest. Circ Cardiovasc Qual
Outcomes 2017;10:e003414.

46. Patel MR, Bailey SR, Bonow RO, et al. ACCF/
SCAI/AATS/AHA/ASE/ASNC/HFSA/HRS/SCCM/SCCT/
SCMR/STS2012appropriateusecriteria fordiagnostic
catheterization: a report of the American College of
Cardiology Foundation Appropriate Use Criteria Task
Force, Society for Cardiovascular Angiography and
Interventions, American Association for Thoracic
Surgery, American Heart Association, American Soci-
etyof Echocardiography, AmericanSociety ofNuclear
Cardiology, Heart Failure Society of America, Heart
Rhythm Society, Society of Critical Care Medicine,
Society of Cardiovascular Computed Tomography,
Society for Cardiovascular Magnetic Resonance, and
Society of Thoracic Surgeons. J Am Coll Cardiol 2012;
59:1995–2027.

47. Noc M, Fajadet J, Lassen JF, et al. Invasive
coronary treatment strategies for out-of-hospital
cardiac arrest: a consensus statement from the
European association for percutaneous cardiovas-
cular interventions (EAPCI)/stent for life (SFL)
groups. EuroIntervention 2014;10:31–7.

48. Peberdy MA, Donnino MW, Callaway CW, et al.
Impact of percutaneous coronary intervention
performance reporting on cardiac resuscitation
centers: a scientific statement from the American
Heart Association. Circulation 2013;128:762–73.

49. Jentzer JC, Clements CM, Murphy JG, Scott
Wright R. Recent developments in the manage-
ment of patients resuscitated from cardiac arrest.
J Crit Care 2017;39:97–107.

50. Rab T, Kern KB, Tamis-Holland JE, et al. Car-
diac arrest: a treatment algorithm for emergent
invasive cardiac procedures in the resuscitated
comatose patient. J Am Coll Cardiol 2015;66:
62–73.
51. Jabre P, Bougouin W, Dumas F, et al. Early
identification of patients with out-of-hospital
cardiac arrest with no chance of survival and
consideration for organ donation. Ann Intern Med
2016;165:770–8.

52. Maupain C, Bougouin W, Lamhaut L, et al. The
CAHP (Cardiac Arrest Hospital Prognosis) score: a
tool for risk stratification after out-of-hospital
cardiac arrest. Eur Heart J 2016;37:3222–8.

53. Cristia C, Ho ML, Levy S, et al. The association
between a quantitative computed tomography
(CT) measurement of cerebral edema and out-
comes in post-cardiac arrest-a validation study.
Resuscitation 2014;85:1348–53.

54. Seder DB, Sunde K, Rubertsson S, et al.
Neurologic outcomes and postresuscitation care of
patients with myoclonus following cardiac arrest.
Crit Care Med 2015;43:965–72.

55. Steblovnik K, Blinc A, Mijovski MB, Fister M,
Mikuz U, Noc M. Ticagrelor versus clopidogrel in
comatose survivors of out-of-hospital cardiac ar-
rest undergoing percutaneous coronary interven-
tion and hypothermia: a randomized study.
Circulation 2016;134:2128–30.

56. Steblovnik K, Blinc A, Bozic-Mijovski M,
Kranjec I, Melkic E, Noc M. Platelet reactivity in
comatose survivors of cardiac arrest undergoing
percutaneous coronary intervention and hypo-
thermia. EuroIntervention 2015;10:1418–24.

57. Jimenez-Britez G, Freixa X, Flores E, et al. Safety
of glycoprotein IIb/IIIa inhibitors in patients under
therapeutic hypothermia admitted for an acute cor-
onary syndrome. Resuscitation 2016;106:108–12.

58. Brooks SC, Scales DC, Pinto R, et al. The
postcardiac arrest consult team: impact on hospi-
tal care processes for out-of-hospital cardiac ar-
rest patients. Crit Care Med 2016;44:2037–44.

59. De Backer D, Biston P, Devriendt J, et al.
Comparison of dopamine and norepinephrine in
the treatment of shock. N Engl J Med 2010;362:
779–89.

60. Levy B, Clere-Jehl R, Legras A, et al.
Epinephrine versus norepinephrine for cardiogenic
shock after acute myocardial infarction. J Am Coll
Cardiol 2018;72:173–82.

61. Tennyson H, Kern KB, Hilwig RW, Berg RA,
Ewy GA. Treatment of post resuscitation myocar-
dial dysfunction: aortic counterpulsation versus
dobutamine. Resuscitation 2002;54:69–75.

62. Gupta N, Kontos MC, Gupta A, et al. Charac-
teristics and outcomes in patients undergoing
percutaneous coronary intervention following
cardiac arrest (from the NCDR). Am J Cardiol 2014;
113:1087–92.

63. Thiele H, Akin I, Sandri M, et al. PCI strategies
in patients with acute myocardial infarction and
cardiogenic shock. N Engl J Med 2017;377:
2419–32.

64. Thiele H, Zeymer U, Neumann FJ, et al.
Intraaortic balloon support for myocardial infarc-
tion with cardiogenic shock. N Engl J Med 2012;
367:1287–96.

65. Ouweneel DM, Eriksen E, Sjauw KD, et al.
Percutaneous mechanical circulatory support
versus intra-aortic balloon pump in cardiogenic

http://refhub.elsevier.com/S1936-8798(19)30468-6/sref27
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref27
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref27
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref27
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref27
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref27
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref27
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref28
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref28
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref28
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref28
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref28
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref28
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref29
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref29
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref29
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref30
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref30
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref30
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref30
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref30
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref30
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref31
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref31
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref31
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref31
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref31
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref32
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref32
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref32
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref32
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref32
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref33
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref33
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref33
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref33
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref33
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref34
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref34
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref34
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref34
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref34
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref35
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref35
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref35
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref35
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref36
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref36
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref36
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref36
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref36
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref37
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref37
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref37
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref37
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref37
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref38
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref38
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref38
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref38
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref38
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref38
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref39
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref39
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref39
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref39
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref39
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref40
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref40
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref40
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref40
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref40
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref41
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref41
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref41
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref41
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref41
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref41
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref42
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref42
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref42
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref42
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref42
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref42
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref43
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref43
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref43
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref43
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref43
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref44
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref44
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref44
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref44
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref44
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref45
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref45
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref45
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref45
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref45
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref46
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref46
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref46
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref46
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref46
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref46
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref46
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref46
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref46
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref46
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref46
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref46
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref46
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref46
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref46
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref47
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref47
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref47
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref47
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref47
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref47
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref48
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref48
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref48
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref48
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref48
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref49
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref49
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref49
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref49
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref50
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref50
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref50
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref50
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref50
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref51
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref51
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref51
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref51
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref51
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref52
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref52
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref52
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref52
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref53
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref53
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref53
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref53
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref53
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref54
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref54
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref54
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref54
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref55
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref55
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref55
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref55
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref55
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref55
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref56
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref56
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref56
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref56
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref56
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref57
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref57
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref57
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref57
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref58
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref58
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref58
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref58
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref59
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref59
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref59
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref59
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref60
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref60
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref60
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref60
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref61
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref61
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref61
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref61
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref62
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref62
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref62
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref62
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref62
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref63
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref63
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref63
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref63
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref64
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref64
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref64
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref64
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref65
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref65
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref65


Jentzer et al. J A C C : C A R D I O V A S C U L A R I N T E R V E N T I O N S V O L . 1 2 , N O . 8 , 2 0 1 9

Catheterization After Cardiac Arrest A P R I L 2 2 , 2 0 1 9 : 6 9 7 – 7 0 8

708
shock after acute myocardial infarction. J Am Coll
Cardiol 2017;69:278–87.

66. van Diepen S, Katz JN, Albert NM, et al.
Contemporary management of cardiogenic shock:
a scientific statement from the American Heart
Association. Circulation 2017;136:e232–68.

67. de Waha S, Jobs A, Eitel I, et al. Multivessel
versus culprit lesion only percutaneous coronary
intervention in cardiogenic shock complicating
acute myocardial infarction: a systematic review
and meta-analysis. Eur Heart J Acute Cardiovasc
Care 2018;7:28–37.

68. Elgendy IY, Mahmoud AN, Kumbhani DJ,
Bhatt DL, Bavry AA. Complete or culprit-only
revascularization for patients with multivessel
coronary artery disease undergoing percutaneous
coronary intervention: a pairwise and network
meta-analysis of randomized trials. J Am Coll
Cardiol Intv 2017;10:315–24.

69. Thiele H, Jobs A, Ouweneel DM, et al. Percu-
taneous short-term active mechanical support
devices in cardiogenic shock: a systematic review
and collaborative meta-analysis of randomized
trials. Eur Heart J 2017;38:3523–31.
70. Ouweneel DM, Schotborgh JV, Limpens J,
et al. Extracorporeal life support during cardiac
arrest and cardiogenic shock: a systematic review
and meta-analysis. Intensive Care Med 2016;42:
1922–34.

71. Reynolds JC, Grunau BE, Elmer J, et al. Prev-
alence, natural history, and time-dependent out-
comes of a multi-center North American cohort of
out-of-hospital cardiac arrest extracorporeal CPR
candidates. Resuscitation 2017;117:24–31.

72. Brooks SC, Anderson ML, Bruder E, et al. Part
6: alternative techniques and ancillary devices for
cardiopulmonary resuscitation: 2015 American
Heart Association guidelines update for cardio-
pulmonary resuscitation and emergency cardio-
vascular care. Circulation 2015;132:S436–43.

73. Yannopoulos D, Bartos JA, Raveendran G,
et al. Coronary artery disease in patients with out-
of-hospital refractory ventricular fibrillation car-
diac arrest. J Am Coll Cardiol 2017;70:1109–17.

74. Holmberg MJ, Geri G, Wiberg S, et al. Extra-
corporeal cardiopulmonary resuscitation for car-
diac arrest: a systematic review. Resuscitation
2018;131:91–100.
75. Hutin A, Abu-Habsa M, Burns B, et al.
Early ECPR for out-of-hospital cardiac arrest:
Best practice in 2018. Resuscitation 2018;130:
44–8.

76. Lamhaut L, Tea V, Raphalen JH, et al. Coronary
lesions in refractory out of hospital cardiac arrest
(OHCA) treated by extra corporeal pulmonary
resuscitation (ECPR). Resuscitation 2018;126:154–9.

77. Kolte D, Khera S, Aronow WS, et al. Trends in
incidence, management, and outcomes of cardio-
genic shock complicating ST-elevation myocardial
infarction in the United States. J Am Heart Assoc
2014;3:e000590.

78. Rab T, Interventional C, Wilson H, Board of
Governors. Public reporting of mortality after pci
in cardiac arrest and cardiogenic shock: an opinion
from the Interventional Council and the Board of
Governors of the American College of Cardiology.
J Am Coll Cardiol Intv 2016;9:496–8.

KEY WORDS coronary angiography,
coronary artery disease, myocardial
infarction, percutaneous coronary
intervention, revascularization

http://refhub.elsevier.com/S1936-8798(19)30468-6/sref65
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref65
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref66
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref66
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref66
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref66
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref67
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref67
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref67
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref67
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref67
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref67
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref68
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref68
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref68
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref68
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref68
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref68
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref68
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref69
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref69
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref69
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref69
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref69
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref70
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref70
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref70
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref70
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref70
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref71
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref71
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref71
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref71
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref71
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref72
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref72
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref72
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref72
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref72
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref72
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref73
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref73
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref73
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref73
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref74
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref74
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref74
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref74
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref75
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref75
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref75
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref75
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref76
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref76
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref76
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref76
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref77
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref77
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref77
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref77
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref77
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref78
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref78
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref78
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref78
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref78
http://refhub.elsevier.com/S1936-8798(19)30468-6/sref78

	Utility and Challenges of an Early Invasive Strategy in Patients Resuscitated From Out-of-Hospital Cardiac Arrest
	Epidemiology of Coronary Artery Disease in Patients With OHCA
	Predictors of CAD in OHCA
	Other cardiac testing

	Observational Studies of Outcomes With Coronary Angiography and PCI After OHCA
	Benefits of coronary angiography versus revascularization
	Benefits of early coronary angiography
	Ongoing clinical trials

	Current Guidelines for Coronary Angiography After OHCA
	Brain Injury and Coronary Angiography After OHCA
	A Balanced Approach to Coronary Angiography After OHCA
	Management of Shock in Patients With OHCA
	Refractory OHCA and the Role of ECLS
	The Role of PCI Outcome Reporting After OHCA
	Conclusions
	References


