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Abstract: Out-of-hospital cardiac arrest (OHCA) continues to be a major global cause of death,
affecting approximately 67 to 170 per 100,000 inhabitants annually in Europe, with a persisting high
rate of mortality of up to 90% in most countries. Acute coronary syndrome (ACS) represents one of
the most significant cause of cardiac arrest, and therefore invasive coronary angiography (CAG) with
subsequent percutaneous coronary intervention (PCI) has emerged as a fundamental component in
the management of OHCA patients. Recent evidence from large randomized controlled trials (RCTs)
challenges the routine use of early CAG in the larger subgroup of patients with non-ST segment
elevation myocardial infarction (NSTEMI). Additionally, emerging data suggest that individuals
resuscitated from OHCA related to ACS face an elevated risk of thrombotic and bleeding events.
Thus, specific invasive coronary strategies and anti-thrombotic therapies tailored to this unique
setting of OHCA need to be considered for optimal in-hospital management. We sought to provide
an overview of the prevalence and complexity of coronary artery disease observed in this specific
population, discuss the rationale and timing for CAG after return of spontaneous circulation (ROSC),
summarize invasive coronary strategies, and examine recent findings on antithrombotic therapies in
the setting of ACS complicated by OHCA. By synthesizing the existing knowledge, this review aims
to contribute to the understanding and optimization of care for OHCA patients to improve outcomes
in this challenging clinical scenario.

Keywords: out-of-hospital cardiac arrest; invasive coronary angiogram; PCI; STEMI; NSTEMI;
ischemic; bleeding

1. Introduction

Out-of-hospital cardiac arrest (OHCA) remains a leading cause of death worldwide,
with an annual incidence of 67 to 170 per 100,000 inhabitants in Europe [1] Even among
those with return of spontaneous circulation (ROSC), which is achieved in 40–60%, and
those who are admitted to the hospital, the prognosis is poor, with a mortality rate of up
to 65%. Post resuscitation cares include diverse therapies such as targeted temperature
management (TTM), advanced intensive care unit (ICU) therapies for life support, and
early identification and treatment of the underlying cause of cardiac arrest.

Cardiac disease is the most common cause of OHCA [2], and the most frequent un-
derlying cause is significant coronary artery disease (CAD), documented in up to 70%
of patients [3]. With this in mind, invasive coronary angiogram (CAG) with subsequent
revascularization appears to be a cornerstone in the management of OHCA patients, having
as primary goal, the restoration of blood flow in the culprit coronary artery, preserving
myocardial function, and preventing negative consequences of myocardial ischemia such
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as heart failure or lethal ventricular arrhythmias. As compared with non-complicated my-
ocardial infarction (MI), important characteristics such as complexity and CAD observed in
the specific setting of OHCA related to MI, as well as specific invasive coronary treatment
strategies, need to be considered for appropriate and tailored in-hospital management.
Although guidelines strongly recommend early CAG after OHCA with ST-segment eleva-
tion myocardial infarction (STEMI) [4], recent data from large randomized controlled trials
(RCT) argue against a routine-based early CAG strategy in the far larger subgroup of pa-
tients with non-ST segment elevation myocardial infarction (NSTEMI) [5–9]. Furthermore,
recent data suggest that patients who are resuscitated from OHCA related to MI are at an
even greater risk of bleeding and thrombosis.

The purpose of this review is therefore to describe the prevalence and complexity of
CAD observed in this specific population, understand the rationale and timing of CAG
after ROSC, summarize invasive coronary treatment strategies, and review recent data on
antithrombotic therapies in patients treated for ACS complicated by OHCA.

2. Epidemiology of CAD in OHCA

CAD is the most common trigger for OHCA in the absence of an evident non-cardiac
cause. Spaulding et al. reported obstructive CAD in up to 70% and acute coronary occlusion
in 40% of consecutive survivors of OHCA with no obvious non-cardiac cause regardless of
initial arrest rhythm or ST-segment elevation (STE) [3]. Consistently, a recent meta-analysis
showed that, among patients undergoing CAG, 75% had evidence of significant stenosis in
at least one coronary artery. In 30% of patients, CAD was characterized by a single-vessel
disease, whereas a multivessel disease (2 or more vessels) was present in 46% [10]. However,
patients with ROSC can be divided into two groups according to the post resuscitation
electrocardiogram (ECG): those who have STE on the initial post resuscitation ECG and
those with non ST-segment elevation (NSTE). The prevalence of CAD differs between these
two categories [10]. Among OHCA patients with STE, CAG is widely performed because
an acute coronary occlusion is most often the cause of the arrest, and significant CAD has
been described in 70% to 95% of cases, with an acute coronary lesion in 70% to 80% of
patients [11,12]. In patients with NSTE on post resuscitation ECG, the prevalence of CAD
ranges between 21% and 53% and an acute coronary lesion is identified in 25% to 35% of
cases [6–8,12].

Another category of patients is those presenting with refractory shockable rhythm
without achieved ROSC. Yannopoulos et al. described the prevalence and complexity
of CAD in patients experiencing refractory cardiac arrest and transported to a cardiac
catheterization laboratory for extracorporeal life support and CAG. Acute thrombotic
lesions were present in 64% and chronic total occlusions were described in 33% of patients.
Significant CAD (>70% stenosis) was found in 84% of patients, with single-vessel disease
in 30% and multivessel disease reported in up to 70% of patients. The mean SYNTAX score
of 29.4 ± 13.9 reported in the study highlights the complexity and severity of the CAD. A
recent meta-analysis, taking into account 128 studies, showed that refractory cardiac arrests
were associated with a higher prevalence of significant stenosis of the left main compared
to patients with early ROSC (17% (95% CI, 12–24%) vs. 5.7% (95% CI, 3.1–10%); p = 0.002),
which was also most often the culprit lesion (12% (95% CI, 7.5–18%) vs. 4.5% (95% CI,
3.5–5.7%); p < 0.001). Significant CAD was present in 75% (95% CI, 70–80%) of refractory
cardiac arrest patients, and a culprit lesion was identified in 70% (95% CI, 60–77%), with
the left anterior descending artery being the most frequent [10]. These findings suggest a
greater severity of CAD in this population, with a higher prevalence of multivessel disease,
which could partially explain the refractory presentation of the cardiac arrest [13,14].

The prevalence of CAD among patients with OHCA in non-shockable rhythm has
been less investigated. Indeed, patients often die at the scene of the arrest despite advanced
resuscitation maneuvers delivered by emergency medical services, and these patients are
consequently not transported to a catheterization laboratory. Moreover, in survivors of
OHCA with non-shockable rhythm, CAG is not necessarily performed, which potentially
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leads to ascertainment bias regarding the prevalence of CAD. However, a low prevalence of
culprit lesions (1%) in consecutive patients with OHCA and non-shockable initial rhythm
compared with shockable rhythm (22%) (p < 0.001) was reported [15].

Angiographic findings derived from most contemporary RCTs with an interest in the
timing of performing CAG among patients without STE are summarized in Table 1 [5–9].
CAG was performed in 55% to 81.2% of cases. The presence of CAD and its severity (1, 2, or
3 vessels) are displayed below. These data reveal a substantial prevalence of CAD among
patients resuscitated from OHCA with NSTEMI, with reported rates ranging from 51% to
69.9%. However, the presented data highlight the heterogenous proportion of identified
culprit lesions even though the baseline characteristics and inclusion criteria were relatively
similar between these five randomized controlled trials. Indeed, the proportion of culprit
lesions varied from 19.9% to 45.5% in patients undergoing CAG. These heterogenous
findings raise concerns about better standardization of the definition of “culprit lesion”
and the need to carry out better detection of causal lesions with the potential support of
intracoronary imaging [16,17].

Table 1. Prevalence, extent, and severity of CAD and subsequent revascularization in patients with
OHCA and without ST-segment elevation: insight from recent RCTs.

Author, Year
of

Publication

Period of
Inclusion

N Performed
CAG (%)

CAD Burden (%)

Culprit
Lesion

(%)

Chronic
Total Oc-
clusion

(%)

Revascularization (%)

Normal or
Insignifi-

ant
Disease

Presence
of Obstruc-
tive Stable

CAD

1 Ves-
sel

2 Ves-
sels

3 Ves-
sels

PCI
Performed

among
Patients

Undergoing
CAG

CABG

Elfwen et al.,
2018 [5] 2015–2017 79 55 NC NC NC NC NC 19.9 5.3 39.5 NC

Lemkes et al.,
2019 [6] 2015–2018 552 81.2 35 64.9 27.7 20.4 17 5.0 36.8 35.2 6.9

Kern et al.,
2020 [7] 2015–2018 99 73.7 30.1 69.9 30.1 17.8 13.7 45.2 15.1 20.6 4.1

Desch et al.,
2021 [8] 2016–2019 554 78.9 34.7 65.2 13.9 13.9 37.4 40.0 NC 39.6 NC

Berlemont
et al., 2022 [9] 2017–2020 279 71.7 49 51 16.5 18 16.5 NC NC 27.5 NC

Abbreviations: RCT: randomized control trial; CAG: coronary angiography; CAD: coronary artery disease; PCI:
percutaneous coronary intervention; CABG: coronary artery bypass graft.

3. Rationale and Timing for CAG after OHCA
3.1. Current Evidence

Despite progress in the field of prehospital resuscitation with the well-known “chain
of survival”, more than half of patients who are initially resuscitated die in the hospital; the
overall survival rate after OHCA is around 10% [18]. Recommended post resuscitation care
includes TTM, advanced ICU therapies for life support, and treatment of the underlying
cause of cardiac arrest.

According to series based on autopsies and immediate CAG data, acute coronary
occlusion has been highlighted as the most frequent cause of OHCA, with a frequency
ranging from 36% to 95% [19,20]. One of the princeps studies was published by Spaulding
et al. in 1997 [3]. In this prospective monocentric study, all consecutive OHCA survivors
were referred for immediate CA, and coronary lesions (acute occlusion or unstable lesion)
were found in 60 of the 84 patients, including 40 acute coronary occlusions (48%) [3]. As a
result of this study, the interventional cardiologist community was increasingly alerted for
immediate CAG and subsequent PCI for a vast majority of OHCA regardless of ECG after
cardiac arrest. Current European and American guidelines recommend immediate CAG
with PCI in patients who present with STE-ACS and cardiac arrest [21,22]. However, it is
still unclear whether CAG should be performed immediately at admission in all comatose
patients with STE criteria on ECG regardless of neurological status on admission or well-
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admitted prognostic criteria such as initial rhythm, duration of no flow and low flow,
and comorbidities.

Until recently published randomized trials [5–9], the role of immediate CAG in patients
with NSTEMI on ECG after OHCA was a matter of debate over the past two decades (Figure 1).
Indeed, data from observational studies have shown conflicting results regarding the effect
of immediate CAG and subsequent PCI on outcomes in this patient group, probably due
to the heterogeneity of patients experiencing OHCA without STE [23–26]. In line with the
the ESC guidelines for high-risk NSTE-ACS patients until 2020, international guidelines on
cardiopulmonary resuscitation recommended, an emergency CAG in selected OHCA patients
after excluding obvious non-coronary causes (i.e., traumatic cardiac arrest, cerebrovascular
events, respiratory failure, or intoxication) even in the absence of STE [27,28]. Rather than
routine CAG after OHCA with NSTE, it has been suggested that early neurological prog-
nostication with a dedicated score may play a role in the selection of appropriate candidates
who could benefit from early CAG. Indeed, futile procedures in patients with the most severe
brain damage who would die from neurological failure regardless of coronary status may be
avoided using prognostic scores [29–31]. Moreover, unwitnessed cardiac arrest, the presence
of an initial non-shockable rhythm, and prolonged duration of no/low flow should strongly
argue against futile early CAG [15].

Due to these uncertainties, expert panels from international professional societies have
called for additional research with randomized clinical trials in an attempt to evaluate the
role of immediate CAG compared to delayed CAG with respect to survival [32,33].

The first study was the Coronary Angiography After Cardiac Arrest Without ST-
Segment Elevation (COACT) trial, which randomly assigned 552 patients with OHCA
without signs of STE to undergo immediate or delayed CAG after neurologic recovery [6].
All patients underwent PCI if indicated. The primary end point was survival at 90 days. At
the end of follow-up, 64.5% in the immediate CAG group and 67.2% in the delayed CAG
group were alive (OR = 0.89; 95% CI, 0.62 to 1.27; p = 0.51), with no significant difference
in the median time to target temperature. However, PCI was performed in 35.2% of the
patients who underwent CAG, although unstable lesions or acute occlusions were detected
in only 19.9%, thus suggesting unnecessary revascularizations. Based on these results,
several international guidelines have deemphasized the role of a strategy of early CAG
after OHCA in patients without STE after ROSC [34–36]. The latest European guidelines
on ACS highlights that routine immediate CAG after resuscitated CA is not recommended
in hemodynamically stable patients without persistent ST-segment elevation (class III, level
of evidence A) [4].

In the underpowered pilot RCT Early Coronary Angiography Versus No Early Coro-
nary Angiography After Cardiac Arrest Without ST-Segment Elevation (PEARL) study,
which was prematurely stopped, 99 patients were enrolled and the primary end point of ef-
ficacy and safety (composite of efficacy and safety measures, including efficacy measures of
survival to discharge, favorable neurological status at discharge with cerebral performance
category score < 2, echocardiographic measures of left ventricular ejection fraction > 50%,
and a normal regional wall motion score of 16 within 24 h of admission) was not different
between the two groups (55.1% versus 46.0%; p = 0.64) [7]. Early CAG was not associated
with any significant increase in survival (55.1% versus 48.0%; p = 0.55). Immediate CAG
revealed a potential culprit lesion for cardiac arrest in 47% of patients. A total of 14% of
patients in the early-CAG group had an acute coronary occlusion. The primary end point,
combining efficacy and safety, did not differ between the two groups of patients (55% vs.
46%; p = 0.64) [7].
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coronary angiography after cardiac arrest without ST-segment elevation; DISCO: direct or subacute 
coronary angiography in out-of-hospital cardiac arrest; EMERGE: emergency vs. delayed coronary 
angiogram in survivors of out-of-hospital cardiac arrest; ERC: European Resuscitation Council; ESC: 
European Society of Cardiology; NSTEMI: non ST-segment elevation myocardial infarction; PEARL: 
randomized pilot clinical trial of early coronary angiography versus non-early coronary angi-
ography after cardiac arrest without ST-segment elevation; TOMAHAWK: angiography after out-
of-hospital cardiac arrest without ST-segment elevation. 

Due to these uncertainties, expert panels from international professional societies 
have called for additional research with randomized clinical trials in an aĴempt to evalu-
ate the role of immediate CAG compared to delayed CAG with respect to survival [32,33]. 

The first study was the Coronary Angiography After Cardiac Arrest Without ST-Seg-
ment Elevation (COACT) trial, which randomly assigned 552 patients with OHCA with-
out signs of STE to undergo immediate or delayed CAG after neurologic recovery [6]. All 
patients underwent PCI if indicated. The primary end point was survival at 90 days. At 
the end of follow-up, 64.5% in the immediate CAG group and 67.2% in the delayed CAG 
group were alive (OR = 0.89; 95% CI, 0.62 to 1.27; p = 0.51), with no significant difference 
in the median time to target temperature. However, PCI was performed in 35.2% of the 
patients who underwent CAG, although unstable lesions or acute occlusions were de-
tected in only 19.9%, thus suggesting unnecessary revascularizations. Based on these 

Figure 1. Impactful randomized clinical trials on early vs. delayed CAG in OHCA patients without
ST elevation on electrocardiogram and current international guidelines. Abbreviations: COACT:
coronary angiography after cardiac arrest without ST-segment elevation; DISCO: direct or subacute
coronary angiography in out-of-hospital cardiac arrest; EMERGE: emergency vs. delayed coronary
angiogram in survivors of out-of-hospital cardiac arrest; ERC: European Resuscitation Council; ESC:
European Society of Cardiology; NSTEMI: non ST-segment elevation myocardial infarction; PEARL:
randomized pilot clinical trial of early coronary angiography versus non-early coronary angiography
after cardiac arrest without ST-segment elevation; TOMAHAWK: angiography after out-of-hospital
cardiac arrest without ST-segment elevation.

Although the COACT study included only patients with a shockable rhythm, evidence
regarding the general indication and timing of CAG in patients with OHCA, including
those with non-shockable rhythm, was still limited until the results of the TOMAHAWK
trial [8]. In this well-conducted multicenter randomized trial, a total of 554 patients with no
evidence of STE and successfully resuscitated OHCA were randomly assigned to undergo
either immediate or delayed CAG. The primary end point was total 30-day all-cause
mortality. Secondary end points were the composite of all-cause mortality and severe
neurological deficit at 30 days. At the end of follow-up, 54.0% vs. 46.0% of patients had
died in the immediate angiography and delayed-angiography groups, respectively (HR,
1.28; 95% CI, 1.00 to 1.63; p = 0.06), with no difference in the prespecified subgroups,
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including the shockable vs. non-shockable rhythm subgroups. It should be noted that
the proportion of acute culprit lesions (38.1% in the immediate angiography group and
43.0% in the delayed or selective angiography group) in this trial was surprisingly close
to that of older studies focusing their efforts on OHCA patients with initial shockable
rhythm [3,6]. Indeed, it might be interesting to know which types of lesions were considered
“acute culprit lesions” and were treated. Some might have been treated without any
expected benefit on mortality but with unnecessary inherent risk of complications such as
thrombosis or bleeding events following percutaneous angioplasty, especially in the setting
of OHCA [37]. In addition, femoral access was used in 72.0% of cases, which could also
have led to increased hemorrhagic complications. However, we should acknowledge that
no differences in bleeding rates were noted between the two groups [8].

Last, the Emergency vs. Delayed Coronary Angiogram In Survivors of Out-of-Hospital
Cardiac Arrest (EMERGE) trial randomized 279 adult survivors from OHCA without STE
on ECG to either emergency or delayed CAG [9]. The primary outcome was a 180-day
survival rate with CPC 2 or less. The mean time between randomization and CAG was
0.6 h in the emergency CAG group and 55.1 h in the delayed CAG group. The 180-day
survival rate with good neurological outcome was 34.1% in the emergency CAG group and
30.7% in the delayed CAG group (HR, 0.87; 95% CI, 0.65–1.15; p = 0.32). There was also no
difference in any secondary outcome, including overall survival rate at 180 days, occurrence
of shock or malignant arrhythmia within 48 h, level of myocardial dysfunction, neurological
recovery at ICU discharge, and length of hospital stay. However, even though the results of
this trial are in line with previous reports, it should be acknowledged that such a neutral
result could be the result of the extreme underpower of the study to adequately assess the
end points. Although only one-quarter of the planned number of patients was enrolled,
a 4.4% absolute difference in the primary end point was observed (instead of a foreseen
10.0% absolute difference to reach a statistical difference between the two groups), thus
suggesting that the results might have been totally different if the population enrollment
target had been achieved.

In line with these RCTs, meta-analysis of RCTs demonstrated that, compared with
delayed or no CAG, early CAG probably has no effect on mortality and may have no effect
on survival with good neurological outcome [38,39]. Overall, current evidence does not
support an early-CAG strategy vs. a delayed or selective strategy in hemodynamically
stable comatose OHCA patients without persistent STE [4].

3.2. Current Guidelines: Early vs. Delayed Percutaneous Coronary Intervention

Current guidelines recommend performing an emergent CAG in comatose patients
resuscitated from OHCA with STE on the post-ROSC ECG (class I, level of evidence B).
Routine early CAG after resuscitated CA is not recommended in hemodynamically stable
patients without persistent STE (or equivalent) (class III, level of evidence A) [4]. However,
recent observational data suggest that the frequency of acute coronary occlusion in patients
with OHCA and non STE did no differ between stable and unstable patients, suggesting a
critical need to improve the individual risk prediction of acute coronary occlusion beyond
traditional risk factors (e.g., hemodynamic status following resuscitation) [40].

4. PCI vs. Surgical Approach with Coronary Artery Bypass Grafting

There is a lack of studies addressing different revascularization strategies in this higher-
risk population of patients with resuscitated OHCA. If there is clear acute culprit lesion,
primary PCI is recommended. Performing immediate coronary artery bypass grafting
(CABG) is a realistic option exclusively for conscious survivors of OHCA upon hospital
arrival, specifically those with severe multivessel disease and ongoing ischemia. It is
not recommended for comatose patients due to the challenge in predicting their ultimate
neurological outcome.

Cardiac arrest can potentially stem from significant CAD, with a stable appearance on
CAG, though the cause-and-effect connection is notably less assured. In conscious survivors
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of cardiac arrest, revascularization with PCI or CABG is recommended based on the extent
and the severity of CAD, which can be evaluated using the Syntax score [41]. However,
the decision-making process becomes intricate for comatose patients with uncertain neu-
rological outcomes. We propose that immediate PCI for visibly obstructive stable lesions
should only be conducted in patients who are hemodynamically unstable. Conversely, if a
comatose survivor remains hemodynamically stable, the choice of revascularization, either
with PCI or CABG, should be delayed and considered if the patient survives with minimal
or no neurological issues.

5. PCI Strategy in OHCA Related to MI

The GRACE (Global Registry of Acute Coronary Events) registry, a large, clinical
practice-based, multinational registry (n = 24,045), reported an overall incidence of major
bleeding of 3.9% in patients presenting with ACS. A substantial proportion (23.8%) of the
bleeding occurred at the vascular access site used for the CAG procedure [42]. In patients
resuscitated from OHCA, there are no randomized data comparing the radial and femoral
access for CAG procedures. The data are an extrapolation of ACS studies, and some
observational studies have suggested that radial access reduced mortality in the subgroup
of patients with STEMI and without OHCA [43,44]. The RIVAL trial, a large randomized
multicenter trial, aimed to assess whether radial access was superior to femoral access in
patients with ACS who were undergoing CAG [45]. A total of 7021 patients were randomly
assigned to radial or femoral access. The primary outcome was a composite of death, MI,
stroke, or non-coronary artery bypass graft-related major bleeding at 30 days. The results
showed a reduction in major vascular complications in the radial group compared to the
femoral group but without any difference on the primary outcome. A sub-analysis of the
MATRIX trial, including 934 patients with advanced Killip class and/or cardiac arrest
randomized to radial or femoral access and to bivalirudin or unfractionated heparin (UFH),
demonstrated an even greater benefit from radial access and bivalirudin than in the rest of
the MATRIX cohort [46]. These results contrast with the SAFARI STEMI trial, which found
no differences for survival or other clinical end points at 30 days after the use of radial
access vs. femoral access in patients with STEMI referred for primary PCI [47]. Given the
higher risk of bleeding in the setting of OHCA related to ACS, vascular access through the
radial artery might result in less bleeding than access via the femoral artery.

However, OHCA patients frequently have low radial pulse that increases the difficulty
of transradial access. Femoral access is still performed in this specific setting, ranging
from 4.0% to 72.0% in recent large RCTs, with the risk of major bleeding events and 30-
day mortality rate [48]. Yet, if the femoral approach is mandatory, whether echo-guided
puncture can reduce the risk of bleeding is still a matter of debate. A meta-analysis of
five randomized trials showed that ultrasound guidance for femoral artery access in CAG
allows the rate of bleeding events to decrease (OR = 0.41; 95% CI 0.20–0.83; p = 0.01)
and puncture attempts to decrease (OR = 0.24; 95% CI: 0.19–0.31; p < 0.0001) [49]. More
recently, the UNIVERSAL (Routine Ultrasound Guidance for Vascular Access for Cardiac
Procedures) RCT, a multicenter, prospective, open-label trial, was designed to determine
whether ultrasound guidance for femoral arterial access in patients undergoing CAG
reduces bleeding or vascular complications in a stable population (patients with STE were
excluded). A total of 621 patients were randomly assigned to the ultrasound group or
to the group without any guidance. The results showed that use of ultrasound guidance
for femoral access did not reduce bleeding (OR = 0.93; 95% CI: 0.55–1.56; p = 0.78) or
vascular complications (OR = 0.67; 95% CI: 0.37–1.20; p = 0.18). However, ultrasound
guidance did reduce the risk of venipuncture (OR 0.24; 95% CI: 0.12–0.50; p < 0.001) and
the number of attempts (mean difference, −0.26; 95% CI: −0.37 to −0.16; p < 0.001) with
similar time to access (mean difference, −15.1; 95% CI: −45.9 to 15.8; p = 0.34) [50]. These
results on the primary outcome must, however, be weighed against the positive results
by the metanalaysis, which was included with the results from the UNIVERSAL trial,
showing that ultrasound guidance was associated with reduced primary outcome of major
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bleeding or major vascular complications. Moreover, in a prespecified subgroup analysis
performed in patients receiving vascular closure devices, there was less incidence of major
bleeding and major vascular complications in the group with ultrasonography guidance.
These data emphasize the fact that ultrasound guidance reduces the potential for multiple
punctures, which is likely important when using a vascular closure device that will only
close one site of puncture [51]. Gathering these data, a radial approach—a superficial and
easily compressible site—as the default strategy should be the preferred vascular access
whenever possible, including in patients with cardiogenic shock or after cardiac arrest.
Ultrasonography-guided femoral access with the use of a vascular closure device should
be considered as an alternative when radial access is not possible.

5.1. Culprit vs. Multivessel PCI

Patients presenting with acute myocardial infarction complicated by cardiac arrest
often have multivessel disease [52], but revascularization strategies regarding this specific
subset of patients are not well established. Among hemodynamically stable patients with
STEMI and multivessel coronary artery disease, immediate multivessel PCI is noninferior to
staged multivessel PCI with respect to the risk of death from any cause, nonfatal myocardial
infarction, stroke, unplanned ischemia-driven revascularization, or hospitalization for heart
failure at 1 year [53]. However, in the most severe conditions, such as cardiogenic shock,
whether PCI should be performed immediately for stenoses in non-culprit arteries was
controversial until the results of the CULPRIT SHOCK trial [54]. In this multicenter trial,
706 patients with multivessel disease, acute MI, and cardiogenic shock were randomly
assigned to different revascularization strategies: either PCI of the culprit lesion only (with
the option of staged revascularization of non-culprit lesions) or immediate multivessel PCI.
This study included 366 patients (51.8% of the cohort) resuscitated from cardiac arrest before
randomization, but patients with resuscitation longer than 30 min were excluded. Among
patients who had multivessel CAD and acute MI with cardiogenic shock, the 30-day risk of
composite of death or severe renal failure leading to renal-replacement therapy was lower
among those who initially underwent PCI of the culprit lesion only as compared to those
who underwent immediate multivessel PCI (relative risk, 0.83; 95% confidence interval
(CI), 0.71 to 0.96; p = 0.01). Nevertheless, recent observational study showed that, among
patients with acute MI with multivessel disease complicated by advanced cardiogenic shock
requiring venoarterial–extracorporeal membrane oxygenation before revascularization,
immediate multivessel PCI was associated with lower incidences of 30-day mortality or
renal replacement therapy and 12-month follow-up mortality compared with culprit-only
PCI. These findings suggest that non-culprit lesion revascularization during primary PCI
could be considered in selective scenarios of cardiogenic shock, including patients with
an extremely advanced form of cardiogenic shock requiring venoarterial–extracorporeal
membrane oxygenation [55].

Therefore, the current guidelines of the ESC state that emergency revascularization
of culprit lesion only during primary PCI is recommended independently of the delay
from symptom onset in patients with acute MI complicated by cardiogenic shock (class IB
recommendation) [36]. Whether these results can be extrapolated to OHCA patients is still
unclear and needs further research.

5.2. OHCA with Stable CAD

In patients resuscitated from OHCA without an identified culprit lesion on the coro-
nary angiography but with significant obstructive disease with angiographically stable
appearance, experts from the European Association for Percutaneous Cardiovascular In-
terventions (EAPCI) and Stent for Life (SFL) groups have proposed practical guidelines
for revascularization even though the cause–effect relationship with cardiac arrest is un-
clear [32]. In comatose patients with uncertain neurological prognosis, the consensus
proposes a management strategy based on hemodynamic status. In hemodynamically
unstable patients, PCI of obviously obstructive “stable” lesion(s) should be performed
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only as a rescue therapy [56]. On the contrary, in hemodynamically stable patients, the
decision for revascularization should be delayed and planned according to neurological
status (i.e., no or minimal neurological sequalae). Finally, when non-obstructive CAD
or no CAD has been found, a search for other causes of cardiac arrest is indicated. In
survivors with favorable neurological evolution and no other obvious cause of arrest, a
coronary artery spasm provocation test may be performed during a second CAG by an
experienced operator using either acetylcholine or ergonovine [57]. A proposed algorithm
for the management of OHCA with stable CAD is depicted in Figure 2.
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Figure 2. Proposed algorithm for management of patients based on angiographic findings on CAG.
Abbreviations: CABG: coronary artery bypass graft; CAD: coronary artery disease; CAG: coronary an-
giography; CS: cardiogenic shock; FFR: fractional flow reserve; OCT: optical coherence tomography; PCI:
percutaneous coronary intervention; VA-ECMO: venoarterial extracorporeal membrane oxygenation.

5.3. Role of Intracoronary Imaging in OHCA Related to MI

Intracoronary imaging is a very useful tool for PCI in the setting of OHCA related
to MI (Figure 3). Previous large observational studies have reported the safety of intra
coronary imaging even considering the thrombus burden in an MI context [58]. Primarily, it
can confirm the atherothrombotic or thromboembolic nature of a suspected coronary cause
in OHCA survivors. Although this aspect is less of a question in OHCA patients presenting
with STEMI, for whom a thrombotic occlusion can be confirmed by CAG in up to 88% of
cases [25,59], the identification of the culprit lesion is more complex among those without
STE on the post ROSC ECG. These findings are true for NSTEMI patients without cardiac
arrest, among whom almost a third of uncertain intermediate angiographic lesions explored
by OCT revealed a feature of instability (intraluminal thrombus, plaque rupture, or plaque
erosion) [60]. Studies estimate that around 25 to 40% of OHCA survivors without STE
have an unstable coronary lesion causative of the cardiac arrest that could be eligible for
PCI [8,25]. The challenge lies in identifying such a vulnerable lesion and differentiating it
from a significant stable stenosis, which would only be an incidental finding. Intracoronary
imaging can provide valuable information for complete diagnostic evaluation. Therefore, it
can improve patient selection compared to CAG alone and prevent unnecessary PCI with
antithrombotic agents in OHCA patients who present a very high risk for stent thrombosis
(5 times higher than PCI in patients without cardiac arrest) and increased hemorrhagic
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risk [37,61]. Regarding those uncertain situations in the absence of a clearly identified
culprit lesion in the setting of an ACS, an expert consensus from EAPCI proposes to
perform OCT imaging [62]. Our team performed systematic three-vessel OCT imaging in
OHCA survivors with only mild atheroma based on the angiographic initial evaluation.
The intracoronary imaging found at least one lesion with unstable characteristics (27%
plaque rupture, 36% plaque erosion, and 59% thrombus). These findings highlight the need
for a better characterization of lesions in this specific population to appropriately guide
revascularization [16].
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Finally, intracoronary imaging has proven its ability to guide and optimize PCI with
stent implantation [63]. Indeed, it provides information regarding lesion morphology,
length, diameter, and composition to achieve better lesion preparation and treatment,
as well as information post PCI, such as lesion coverage, stent expansion, malaposition,
and/or edge dissection, which would need further optimization to decrease the incidence
of stent thrombosis, to which OHCA survivors are specifically exposed [64]. Many studies
aimed to evaluate its benefits in terms of clinical events [65,66]. The recent RENOVATE-
COMPLEX-PCI trial evaluated an intravascular imaging-guided PCI strategy against an
angiography-guided one in 1639 patients with complex coronary lesions (50% presenting
as ACS, >10% left main lesion, >20% true bifurcation lesion). In the imaging-guided
group, IVUS was the most used technique (73.3%). At a median follow-up of 2.1 years, the
primary end point target vessel failure (death from cardiac cause, target vessel myocardial
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infarction or clinically driven target vessel revascularization) occurred significantly more
in the angiography-guided group than in the imaging-guided group (cumulative incidence
12.3% vs. 7.7%; p = 0.008). The incidence of stent thrombosis was 0.7% for the angiography-
guided group and 0.1% for the imaging-guided group [67]. In line with these positive
results supporting the role of intracoronary imaging to improve outcome, the ILUMIEN IV
OPTIMAL PCI trial showed that OCT guidance resulted in a larger minimum stent area and
could improve the rate of stent thrombosis compared with angiography-guided PCI [68].
The OCTOBER trial strengthened these results in the specific fields of complex bifurcation
lesions and showed improvement in prognosis regarding MACE at 2 years compared with
angiography-guided PCI [69]. All of these results strongly support the role of intracoronary
imaging in complex lesions. OHCA patients with myocardial infarction, considering the
complexity of an appropriate lesion diagnosis and their increased thrombotic/hemorrhagic
risk, should benefit from it.

5.4. Balance between Ischemic and Bleeding Risk after OHCA Related to MI and Further
Implications for Anti-Thrombotic Regimen
5.4.1. Ischemic Risk after OHCA

In the case of ACS, administration of early and effective antithrombotic therapy is
particularly important to reduce thrombotic complications and improve prognosis. Balance
between thrombosis and bleeding is well recognized in patients treated for ACS, with
impact on both short- and long-term prognosis [70]. Recent data suggest that patients
who are resuscitated from OHCA related to MI are at even greater risk of bleeding and
thrombosis [61].

Regarding thrombotic risk, several observational studies have reported higher rates of
ischemic events in patients with OHCA related to MI compared with patients with ACS
without OHCA, including stroke, myocardial infarction, and stent thrombosis (ST) [71]. In
a recent prospective study, the incidence of ST in comatose survivors of OHCA undergoing
PCI and TTM was around 19.0% despite systematic use of contemporary DES and antico-
agulation/antiplatelet treatment. Moreover, ST occurred within 3 days in 62% of patients,
and independent predictors of ST were longer prehospital resuscitation, lower arterial pH,
and increased creatinine on admission [72]. Several hypotheses have been made to explain
this ischemic risk. Although TTM may impact platelet function, with experimental studies
showing conflicting effects [73,74], there is no demonstrated link to ST incidence in large
clinical studies [75,76]. Second, the efficacy of oral antiplatelet therapy may be compro-
mised in comatose patients due to delayed administration and reduced gastrointestinal
motility caused by cardiac arrest and opiates [77]. However, although pharmacokinetic
studies suggest an association between opiates and platelet reactivity [78], the clinical
relevance of this drug–drug interaction remains controversial [79,80]. Most importantly,
several studies have consistently supported the association between cardiogenic shock and
ST [81,82].

5.4.2. Bleeding Risk after OHCA

Patients who experience ACS complicated by OHCA are also at increased bleeding risk.
Antithrombotic therapy, CPR maneuvers [83], mechanical circulatory support devices [84],
and PCI, with a significant use of the femoral route, can increase bleeding risk in OHCA
patients. In the COACT trial, involving 552 patients who had a cardiac arrest, transfemoral
access was realized in 157/264 (59.5%) patients in the group who experienced the immediate
invasive strategy of CA, compared with only 47/171 (27.5%) patients in the delayed invasive
strategy group [6]. However, to perform CAG and PCI, radial access should be the preferred
vascular access whenever possible, including in patients with cardiogenic shock or after
cardiac arrest. Indeed, current evidence suggests that radial access is more favorable
than femoral access regarding bleeding risk [48,85]. However, the presence of selection
bias, where the sickest patients are more likely to undergo femoral access, complicates the
interpretation of these findings.
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5.5. Implication for Anti-Thrombotic Regimen (Figure 4)

Randomized data comparing P2Y12 receptor inhibitor or anticoagulation strategies
are scarce in the setting of OHCA related to MI, and our daily practice is derived from the
extrapolation of ACS trials and other pharmacodynamic or observational studies. Indeed,
current guidelines on antithrombotic treatment in this particular setting is based on expert
opinion [37,86]. Briefly, in patients with OHCA-related MI, 75–250 mg of intravenous
aspirin may be preferable to oral aspirin loading. Regarding P2Y12 inhibitors, prasugrel
and ticagrelor should be used (as opposed to clopidogrel) when there is no excessive
bleeding risk. Parenteral antithrombotic therapy should be considered to cover the period
before the onset of oral P2Y12 inhibitor activity. Cangrelor is preferred due to the lower
bleeding risk, unless there is no reflow or bailout during PCI, when glycoprotein IIb/IIIa
inhibitors can be considered. There is no evidence to recommend routine glycoprotein
IIb/IIIa inhibitor use, which increases the risk of bleeding and should therefore be carefully
considered in this setting except in the case of slow flow, no reflow, or high intraprocedural
thrombus burden associated with low expected bleeding risk. Regarding anticoagulation
treatment, there are no clinical studies assessing the benefit of heparin or the choice of
anticoagulant on outcomes in patients with OHCA. No specific recommendation regarding
the use of unfractionated heparin exists in this context, except for increased awareness
of heparin-induced thrombocytopenia risk. Nevertheless, unfractionated heparin is the
heparin of choice for cardiac arrest patients either before or during PCI or for continued
anticoagulation after PCI because of its favorable pharmacodynamic profile, its reversibility
mediated by protamine sulphate, its low cost, and the ability to monitor its effectiveness by
measuring antiXa. In addition, with the high prevalence of acute kidney and liver injury
in this population, low-molecular-weight heparin might not be the preferred heparin. It
should, however, be noticed that in patients managed after cardiac arrest, there has been
evidence of heparin-impaired clearance secondary to TTM, leading to drastically reduced
heparin requirements in patients under TTM.
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anti-thrombotic regimen. Abbreviations: ACS: acute coronary syndrome; ACT: activated clotting time;
I.V.: intravenous; NGT: nasogastric tube; OHCA: out-of-hospital cardiac arrest; PCI: percutaneous
coronary intervention; TTM: targeted temperature management; UFH: unfractionated heparin.
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6. Conclusions

Complex but treatable CAD is prevalent in OHCA patients. Although patients with
clear STE on post resuscitation ECG have not been clearly evaluated and should still benefit
from early CAG, current evidence from several RCTs regarding OHCA patients without
STE does not support a strategy with early CAG compared to a delayed or selective strategy.
Regarding technical aspects in this specific setting, revascularization of culprit lesions only
during primary PCI is recommended in patients with cardiogenic shock, whereas complete
revascularization in patients without shock still warrants further research. Vascular access
through the radial artery might result in less bleeding than access via the femoral artery
during CAG, and ultrasonography-guided femoral access with the use of a vascular closure
device should be considered as an alternative when radial access is not possible. In
the absence of acute coronary occlusion, intracoronary imaging can be helpful to detect
plaque rupture, erosion, and intracoronary thrombus but could also lead to better stent
implantation and help to reduce the risk of stent thrombosis, which is particularly important
in this context. Importantly, more reliable information is needed to optimize antithrombotic
therapy in these very-high-risk patients, in whom minimizing the risk of thrombosis and
bleeding is critical to improve outcomes.
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CAD coronary artery disease
ECG electrocardiogram
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NSTEMI non-ST segment elevation myocardial infarction
OHCA out-of-hospital cardiac arrest
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