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Abstract

Background: The emergent coronary angiography (CAG) is associated with better outcomes in CA survivors. However, the impact of severity and

revascularization of coronary artery stenosis on outcomes in cardiac arrest (CA) survivors remains unclear.

Methods: A total of 273 non-traumatic adult CA survivors who underwent emergent CAG from January 2011 to July 2017 were retrospectively recruited.

The stenosis and non-revascularization of an individual coronary artery �70% were defined as significant in any of the major coronary arteries based on

an operator visual estimate.

Results: There were 201 patients (73.63%) had 31 significant coronary artery stenosis and 58 patients (21.25%) with 31 non-revascularized coronary

artery. The increased number of stenosed coronary artery was associated with an increased risk for in-hospital mortality [1-vessel: adjusted hazard

ration (HR) 2.27, 95% confidence interval (CI) = 1.43–4.04, p = 0.021; 2-vessel: adjusted HR 5.49, 95% CI=2.17–13.89, p < 0.001; 3-vessel: adjusted HR

11.05, 95% CI=4.20–29.04, p < 0.001)] and poor neurological recovery (cerebral performance category = 3–5) [(1-vessel: adjusted odds ration (OR)

1.66, 95% CI 0.67–4.15, =0.275; 2-vessel: adjusted OR 1.81, 95% CI 1.05–3.97, p = 0.045; 3-vessel: adjusted OR 3.19, 95% CI 1.25–8.15, p = 0.001)],

which was positively correlated with the number of vessels. The incomplete revascularization were also associated with increased in-hospital mortality

and poor neurological function in patients with 31vessel stenosis.

Conclusion: The severity and incomplete revascularization of coronary artery stenosis were associated with increased in-hospital mortality and poor

neurological recovery in patients with presumed cardiogenic arrest.
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Background

Post-cardiac arrest care has drawn more and more attention along
with improvements in cardiopulmonary resuscitation (CPR) and the
survival chain during recent decades.1 As acute coronary syndrome is
a frequent cause of sudden cardiac arrest, coronary angiography
(CAG) and percutaneous coronary intervention (PCI) were suggested
to be performed immediately in post-arrest patients with ST-elevation
on electrocardiogram (ECG) to prevent arrest relapse and clinical
deterioration.1 Studies have shown the benefit of emergent CAG in
survival and neurological recovery.2–4 However, whether early PCI
also benefits the outcome after cardiac arrest remains undeter-
mined.4–8 Casella et al. demonstrated that early CAG, but not PCI, is
associated with improved survival in out-of-hospital cardiac arrest
(OHCA) survivors.5 PCI does not improve survival to hospital
discharge in OHCA patients without ST-elevation.6 In contrast,
several OHCA studies have shown that early PCI is associated with
improved survival and neurological outcome.4,7–9

Another interesting problem extending from this issue is whether
complete revascularization is recommended for multivessel coronary
arterydisease (CAD) in OHCA survivors. Multivessel CADoccurs in 40–
60% of patients with ST-elevation myocardial infarction (STEMI) and is
associated with a worse prognosis in proportion to CAD severity.10,11

Several observational studies have demonstrated conflicting results on
the recommendation of complete revascularization for multivessel CAD
management in patients with STEMI.12–17 Acute multivessel complete
revascularization is associated with increased short-term and long-
term mortality compared to both culprit-only and staged PCI in these
patients.12–14 The 2013 American College of Cardiology/American
Heart Association(AHA) STEMI guidelines recommend against routine

non-infarct-related artery PCI.18 However, several studies have shown
contrary results. Two independent randomized clinical trials demon-
strated a reduced risk of mortality and adverse cardiovascular events in
patients with STEMI who underwent complete revascularization as
compared to patients with PCI to the infarct-related artery only.15,16

Smits et al. also showed that the reduced risk of adverse cardiovascular
outcome in completely revascularized patients is mainly due to a
reduction in subsequent revascularization.17

The prevalence of multivessel CAD in cardiac arrest survivors is
30–60%.19,20 However, whether CAD severity is associated with
worse outcome in this population and whether incomplete revascu-
larization during the acute stage is associated with a poor prognosis
has not been explored. Therefore, in the current study, we
investigated whether CAD severity and the extent of revascularization
are associated with outcomes in cardiac arrest survivors who received
emergent CAG after return of spontaneous circulation (ROSC).

Materials and methods

This retrospective cohort study was approved by the Institutional
Review Boards of National Taiwan University Hospital (tertiary-care
medical center), National Taiwan University Hospital Hsin-Chu
Branch, and Far Eastern Memorial Hospital (tertiary-care medical
center). This study enrolled non-traumatic adult cardiac arrest
survivors with a CPR attempt in the emergency department during
2011–July 2017 at National Taiwan University Hospital, from 2015 to
2017 at National Taiwan University Hospital Hsin-Chu Branch, and
from 2011 to 2015 at Far Eastern Memorial Hospital. All three
hospitals are competent to perform emergent CAG for 7 days a week,
24 h a day. A total of 3132 adult patients (�18 years) who suffered a

Fig. 1 – Process of selecting the study patients.
CAG = coronary angiography; CPR = cardiopulmonary resuscitation; IHCA = in-hospital cardiac arrest; OHCA = out-of-
hospital cardiac arrest.
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cardiac arrest with a CPR attempt were collected. A total of 1734
patients were successfully resuscitated from cardiac arrest and
admitted to the intensive care unit. A total of 320 patients were sent to
the cardiac catheterization room within 24 h following ROSC to receive
further examination and treatment. After excluding 38 patients with an
implanted pacemaker, five patients with a missing CAG report, and
four patients without medical records, 273 patients receiving

emergent CAG (within 24 h after ROSC) were finally enrolled in this
study (population 1).

Coronary artery stenosis was defined as significant when
emergent CAG showed the presence of �70% stenosis in a major
epicardial coronary artery. The enrolled patients were classified into
different groups according to the number of coronary artery vessels
that were stenosed, such as 0-vessel stenosis, 1-vessel stenosis, 2-

Table 1 – Baseline characteristics between groups with different coronary artery stenosis.

Vessel number of coronary artery stenosis

Total patients 0 1 2 3
n (%) n (%) n (%) n (%) n (%) p

273 72 (26.37%) 74 (27.16%) 57 (20.88%) 70 (25.64%)

Age (years)
�55 89 (32.60%) 31 (43.06%) 28 (37.84%) 16 (28.07%) 14 (20.00%) 0.023
55–65 85 (31.14%) 19 (26.39%) 19 (25.68%) 20 (35.09%) 27 (38.57%)
�65 99 (36.26%) 22 (30.51%) 27 (36.48%) 21 (36.84%) 29 (41.43%)

Gender (male) 208 (76.19%) 41 (56.94%) 59 (79.73%) 46 (80.70%) 62 (88.57%) <0.001
Body mass index (kg/m2) 25.72 � 4.79 25.19 � 5.06 25.04 � 4.96 26.25 � 4.53 26.20 � 4.49 0.078
Smoking 68 (24.91%) 21 (29.17%) 17 (22.97%) 10 (17.54%) 20 (28.57%) 0.417
Hospital 0.103
NTUH 197 (72.16%) 46 (63.89%) 55 (74.32%) 48 (84.21%) 48 (68.57%)
HCH 49 (17.95%) 14 (19.44%) 14 (18.92%) 5 (8.77%) 16 (22.86%)
FEMH 27 (9.89%) 12 (16.67%) 5 (5.76%) 4 (7.02%) 6 (8.57%)

Pre-comorbidities
Hypertension 154 (56.41%) 35 (48.61%) 38 (51.35%) 37 (64.91%) 44 (62.86%) 0.136
Diabetes mellitus 108 (39.56%) 23 (31.94%) 24 (32.43%) 23 (40.35%) 38 (54.29%) 0.021
Dyslipidemia 57 (20.88%) 13 (18.06%) 15 (20.27%) 13 (22.81%) 16 (22.86%) 0.869
Coronary artery disease 97 (35.53%) 14 (19.44%) 33 (44.95%) 22 (38.60%) 28 (40.00%) 0.006
Previous stent deployment 0.42 � 0.97 0.15 � 0.51 0.54 � 1.02 0.47 � 1.13 0.51 � 1.10 0.049
Myocardial infarction 10 (3.66%) 3 (4.17%) 2 (2.70%) 0 (0.00%) 5 (7.14%) 0.188
Cardiac arrhythmia 21 (7.69%) 4 (5.56%) 7 (9.46%) 5 (8.77%) 5 (7.14%) 0.784
Heart failure 32 (11.72%) 17 (23.61%) 6 (8.11%) 6 (10.53%) 3 (4.29%) 0.003
Chronic kidney disease 49 (17.95%) 11 (15.28%) 8 (10.81%) 12 (21.05%) 18 (25.71%) 0.108
Malignancy 13 (4.76%) 4 (5.56%) 4 (5.41%) 2 (3.51%) 3 (4.29%) 0.941

Pre-arrest complaints
Chest pain 115 (42.12%) 21 (29.17%) 28 (37.84%) 28 (49.12%) 38 (54.29%) 0.011
Palpitation 9 (3.30%) 4 (5.56%) 2 (2.70%) 2 (3.51%) 1 (1.43%) 0.586
Gastrointestinal upset 11 (4.03%) 4 (5.56%) 4 (5.41%) 0 (0.00%) 3 (4.29%) 0.362
Headache 4 (1.47%) 2 (2.78%) 1 (1.35%) 0 (0.00%) 1 (1.43%) 0.642
Others 103 (38.01%) 34 (47.22%) 29 (39.19%) 21 (36.84%) 19 (27.14%) 0.098

Resuscitation events
Witnessed collapse 222 (81.92%) 61 (84.72%) 63 (85.14%) 44 (77.19%) 54 (79.41%) 0.526
Bystander CPR 199 (73.43%) 56 (77.78%) 52 (70.27%) 44 (77.19%) 47 (69.12%) 0.649
Initial shockable rhythm 114 (41.76%) 36 (50.00%) 26 (35.14%) 27 (47.37%) 25 (35.71%) 0.193
Shockable rhythm ever 169 (62.13%) 49 (68.06%) 45 (60.81%) 36 (63.16%) 39 (55.71%) 0.548
CPR duration

CPR210 min 116 (42.49%) 34 (47.22%) 29 (39.19%) 24 (42.11%) 29 (41.43%) 0.018
CPR > 10 min 157 (57.51%) 38 (52.78%) 45 (61.81%) 33 (57.89%) 41 (58.57%)
Post-ROSC events
Inotrope use 204 (75.56%) 50 (69.44%) 48 (64.86%) 46 (80.70%) 60 (85.71%) 0.034
Therapeutic hypothermia 98 (39.84%) 29 (40.28%) 22 (29.73%) 19 (38.00%) 28 (46.67%) 0.564
ECMO 102 (37.36%) 17 (23.61%) 27 (36.49%) 27 (47.37%) 31 (44.29%) 0.018
IABP 96 (35.29%) 6 (8.33%) 29 (39.19%) 27 (47.37%) 34 (48.57%) <0.001

Vessel number of non-revascularized coronary artery <0.001
0 153 (56.04%) 72 (100%) 51 (68.92%) 20 (35.09%) 10 (14.29%)
1 58 (21.25%) 0 (0.00%) 23 (31.08%) 20 (35.09%) 15 (21.43%)
2 42 (15.38%) 0 (0.00%) 0 (0.00%) 17 (29.82%) 25 (35.71%)
3 20 (7.33%) 0 (0.00%) 0 (0.00%) 0 (0.00%) 20 (28.57%)
Emergent PCI after ROSC 149 (54.58%) 6 (8.33%) 51 (68.92%) 41 (71.93%) 51 (72.86%) <0.001
Dual anti-platelet agents 199 (73.70%) 38 (52.78%) 60 (81.08%) 44 (77.19%) 57 (81.43%) <0.001

CPR = cardiopulmonary resuscitation; ECMO = extracorporeal membrane oxygenation; IABP = intraaortic balloon pumping; PCI = percutaneous coronary
intervention; ROSC = return of spontaneous circulation.
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vessel stenosis, and 3-vessel stenosis. There were 72 patients in the
0-vessel stenosis group, 74 patients in the 1-vessel stenosis group, 57
patients in the 2-vessel stenosis group, and 70 patients in the 3-vessel
stenosis group. The 201 patients with �1-vessel stenosis (population
2) were further divided into 0-non-revascularized vessels (NRV)
(n = 81), 1-NRV (n = 58), 2-NRV (n = 42) and 3-NRV (n = 20),
respectively, based on the number of NRV (Fig. 1). The non-
revascularized stenosis of a coronary artery was defined as residual
stenosis �70% in a major epicardial coronary artery after CAG. The
primary outcome was in-hospital mortality during index hospitaliza-
tion, and the secondary outcome measured functional outcome
presenting as poor neurological recovery at hospital discharge

(cerebral performance category (CPC) score = 3–5). We collected
the following information from the individual medical records: age,
gender, body mass index (BMI), smoking status, preexisting
comorbidities, pre-arrest complaint (documented in the medical
records), resuscitation events (presence of a witnessed collapse and
bystander CPR, initial shockable rhythm or not, shockable rhythm
ever during cardiac arrest and CPR duration) and post-ROSC events
[use of an inotrope, therapeutic hypothermia, extracorporeal mem-
brane oxygenation (ECMO) and iIABP, emergent PCI, and dual anti-
platelet agents]. The use of an inotrope, ECMO, IABP, emergent PCI,
and dual anti-platelet agents was defined as application of these
therapies within 7 days following ROSC.

Table 2 – Baseline characteristics between groups with different non-revascularized coronary artery.

Vessel number of non-revascularized coronary artery

Total patients 0 1 2 3
n (%) n (%) n (%) n (%) n (%) p

201 81 (40.30) 58 (28.85) 42 (20.90) 20 (9.95)

Age (years)
�55 58 (28.86) 31 (38.27) 16 (27.59) 10 (23.81) 1 (5.00) 0.023
55–65 65 (32.34) 19 (23.46) 20 (34.48) 18 (42.86) 8 (40.00)
�65 77 (38.31) 31 (38.27) 21 (36.21) 14 (33.33) 11 (55.00)

Gender (male) 167 (83.08) 69 (85.19) 45 (77.59) 36 (85.71) 17 (85.00) 0.751
Body mass index (kg/m2) 25.78 � 4.63 25.14 � 4.42 25.50 � 4.84 27.47 � 4.59 25.78 � 5.01 0.049
Smoking 47 (23.38) 20 (24.69) 11 (18.97) 11 (26.19) 5 (25.00) 0.845
Hospital 0.194
NTUH 151 (75.12) 63 (77.78) 46 (79.31) 30 (71.43) 12 (60.00)
HCH 34 (16.92) 12 (14.81) 10 (17.24) 6 (14.29) 6 (30.00)
FEMH 15 (7.46) 6 (7.41) 1 (1.72) 6 (14.29) 2 (10.00)

Pre-comorbidities
Hypertension 119 (59.20) 51 (62.96) 29 (50.00) 27 (64.29) 12 (60.00) 0.464
Diabetes mellitus 85 (42.29) 33 (40.74) 18 (31.03) 26 (61.90) 8 (40.00) 0.024
Dyslipidemia 44 (21.89) 18 (22.22) 13 (22.41) 9 (21.43) 4 (20.00) 0.994
Coronary artery disease 83 (41.29) 34 (41.98) 23 (39.66) 18 (42.86) 8 (40.00) 0.993
Previous stent deployment 0.52 � 1.08 0.58 � 1.17 0.51 � 1.08 0.54 � 1.04 0.20 � 0.69 0.567
Myocardial infarction 7 (3.48) 2 (2.47) 1 (1.72) 1 (2.38) 3 (15.00) 0.033
Cardiac arrhythmia 15 (7.46) 3 (3.70) 5 (8.62) 4 (9.52) 3 (15.00) 0.012
Heart failure 15 (7.46) 8 (9.88) 4 (6.90) 2 (4.76) 1 (5.00) 0.726
Chronic kidney disease 38 (18.91) 12 (14.81) 9 (15.52) 12 (28.57) 5 (25.00) 0.223
Malignancy 9 (4.48) 3 (3.70) 3 (5.17) 3 (7.14) 0 (0.00) 0.611

Pre-arrest complaints
Chest pain 94 (46.77) 41 (50.62) 22 (37.93) 20 (47.62) 11 (55.00) 0.464
Palpitation 5 (2.49) 1 (1.23) 2 (3.45) 1 (2.38) 1 (5.00) 0.733
Gastrointestinal upset 7 (3.48) 3 (3.70) 2 (3.45) 1 (2.38) 1 (5.00) 0.961
Headache 2 (0.99) 2 (2.47) 0 (0.00) 0 (0.00) 0 (0.00) 0.396
Others 69 (34.33) 26 (32.10) 23 (39.66) 16 (38.10) 4 (20.00) 0.338

Resuscitation events
Witnessed collapse 161 (80.10) 70 (86.42) 41 (70.69) 31 (77.50) 19 (95.00) 0.056
Bystander CPR 143 (71.14) 60 (74.07) 41 (70.69) 28 (70.00) 14 (70.00) 0.962
Initial shockable rhythm 108 (53.73) 65 (80.27) 16 (27.59) 18 (42.86) 9 (45.00) 0.283
Shockable rhythm ever 120 (59.70) 50 (62.50) 32 (55.17) 25 (59.52) 13 (65.00) 0.857
CPR duration

CPR 2 10 min 82 (40.80) 36 (44.44) 24 (41.38) 14 (33.33) 8 (40.00) 0.039
CPR > 10 min 118 (58.71) 45 (55.56) 33 (56.90) 28 (66.67) 12 (60.00)
Post-ROSC events
Inotrope use 154 (76.62) 52 (65.00) 46 (79.31) 38 (90.48) 18 (90.00) 0.003
Therapeutic hypothermia 69 (34.32) 29 (29.82) 17 (29.31) 18 (42.86) 5 (25.00) 0.581
ECMO 85 (42.29) 29 (35.80) 23 (39.66) 22 (52.38) 11 (55.00) 0.023
IABP 90 (44.78) 38 (46.91) 25 (43.10) 16 (38.10) 11 (55.00) 0.629

CPR = cardiopulmonary resuscitation; ECMO = extracorporeal membrane oxygenation; IABP = intraaortic balloon pumping; PCI = percutaneous coronary
intervention; ROSC = return of spontaneous circulation.
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Categorical variables are expressed as percentages, and
continuous variables are expressed as mean � standard deviation
(SD). Either the chi-square test (for categorical variables) or ANOVA
test (for continuous variables) was used to delineate the demographic
and clinical characteristics of the study subjects. A Cox regression
analysis was performed to evaluate predictors of in-hospital mortality,
and a logistic regression analysis was performed for a poor
neurological outcome. Statistically significant variables identified with
p < 0.1 were entered into a multivariate Cox proportional hazard
regression model to determine the impact of coronary artery stenosis
and non-revascularized coronary artery stenosis on in-hospital
mortality. Similar criteria were applied to identify variables for the
multivariate logistic regression analysis to evaluate the effect of
coronary artery stenosis and non-revascularized stenosis on poor
neurological outcome. The cumulative risk for in-hospital mortality
was plotted vs. the cumulative incidence function, and the log-rank
test was applied to evaluate the difference between the groups. A two-
tailed p-value <0.05 was considered significant. All computations
were performed using software (SAS/Stat v9.4 for Windows; SAS
Institute, Cary, NC, USA). The components of a retrospective review
were checked using the Strengthening the Reporting of Observational
Studies in Epidemiology checklist for a cohort study.

Results

In patients grouped by the number of stenosed coronary artery
vessels, patients with more stenosed vessels were older and more
were male. The incidence of diabetes and CAD increased as the
number of stenosed vessels increased. However, the incidence of

heart failure showed a reverse distribution. A higher percentage of
patients with stenosed vessels had pre-arrest chest pain. The groups
with a higher number of stenosed vessels had an increased CPR
duration and a higher incidence of applying an inotrope, ECMO, or
IABP. No surprisingly, the group with 3-vessel stenosis had more
patients with non-revascularized vessels (n = 60, 85.71%), received
emergent PCI more frequently (n = 51, 72.86%), and were adminis-
tered dual anti-platelet agents (n = 57, 81.43%) (Table 1).

Table 2 shows the demographic and clinical characteristics of
patients with �1-vessel stenosis who were grouped by vessel number
of non-revascularized coronary arteries. The groups with more non-
revascularized vessels had a higher incidence of older age, previous
myocardial infarction and cardiac arrhythmia. However, BMI and the
incidence of diabetes did not increase linearly as the number of non-
revascularized coronary arteries increased. Patients with more NRV
had a longer CPR duration. The 3-NVR group had a higher percentage
of patients using an inotrope or ECMO (Table 2).

Forty-five patients (64.29%) in the 3-vessel stenosis group failed to
survive to hospital discharge compared to 13 patients (18.06%) in the
0-vessel stenosis group, 20 patients (27.03%) in the 1-vessel stenosis
group, and 27 patients (47.37%) in the 2-vessel stenosis group (1-
vessel: adjusted HR 2.27, 95% CI = 1.43–4.04, p = 0.021; 2-vessel:
adjusted HR 5.49, 95% CI = 2.17–13.89, p < 0.001; 3-vessel: adjusted
HR 11.05, 95% CI = 4.20–29.04, p < 0.001)(Table 3). The 2-vessel
and 3-vessel stenosis groups had a significantly increased risk for in-
hospital mortality compared with the one-vessel stenosis group (two-
vessel: adjusted HR 2.33, 95% CI = 1.10–5.15, p = 0.04; 3-vessel:
adjusted HR 5.19, 95% CI = 2.37–11.36, p < 0.001). The 3-vessel
stenosis group also had a significantly higher risk for in-hospital
mortality compared to the 2-vessel stenosis group (adjusted HR 2.68,

Table 3 – The association between in-hospital mortality and coronary artery stenosis and revascularization.a

In-hospital mortality Unadjusted HR (95% CI) p Adjusted HR (95% CI) p

Vessel number of coronary artery stenosis
0 13/72 (18.06%) Reference Reference
1 20/74 (27.03%) 1.74 (0.79, 3.84) 0.016 2.27 (1.43, 4.04) 0.021
2 27/57 (47.37%) 4.15 (1.88, 9.19) <0.001 5.49 (2.17, 13.89) <0.001
3 45/70 (64.29%) 8.31 (3.83, 18.01) <0.001 11.05 (4.20, 29.04) <0.001
1 Reference Reference
2 2.39 (1.15, 4.95) 0.02 2.33 (1.10, 5.15) 0.04
3 4.77 (2.35, 9.69) <0.001 5.19 (2.37, 11.36) <0.001
2 Reference Reference
3 2.01 (1.08, 4.08) 0.04 2.68 (1.17, 6.17) 0.02

Vessel number of non-revascularized coronary artery
0 13/81 (16.05%) Reference Reference
1 32/58 (55.17%) 6.69 (3.04, 14.77) <0.001 7.39 (3.13, 17.47) <0.001
2 32/42 (76.19%) 12.74 (6.64, 29.87) <0.001 16.95 (8.36, 36.98) <0.001
3 15/20 (75.00%) 15.69 (4.85, 30.71) <0.001 20.14 (4.92, 40.37) <0.001
1 Reference Reference
2 2.60 (1.08, 6.26) 0.03 2.64 (1.03, 6.81) 0.04
3 2.44 (1.78, 6.59) 0.01 2.24 (1.67, 7.38) 0.009
2 Reference Reference
3 1.13 (1.02, 3.23) 0.04 1.78 (1.19, 3.29) 0.03

CPR = cardiopulmonary resuscitation; ECMO = extracorporeal membrane oxygenation; IABP = intraaortic balloon pumping; PCI = percutaneous coronary
intervention; ROSC = return of spontaneous circulation.
CI = confidence interval; HR = hazard ratio.
a Adjusted for age gender, body mass index, diabetes mellitus, hypertension, coronary artery disease, chronic kidney disease, witnessed collapse, bystander
CPR, CPR duration, post-arrest inotrope use, ECMO, IABP, vessel number of coronary artery stenosis (for non-revascularized coronary artery), vessel number of
non-revascularized coronary artery (for coronary artery stenosis), emergent PCI after ROSC.

56 R E S U S C I T A T I O N 1 3 7 ( 2 0 1 9 ) 5 2 – 6 0



95% CI = 1.17–6.17, p = 0.02). Fig. 2A shows the cumulative risk of in-
hospital mortality between the groups. The patients with more NRV
had a significantly increased risk for in-hospital mortality compared to
patients without a NRV (1-NRV: adjusted HR 7.39, 95% CI = 3.13–
17.47, p < 0.001; 2-NRV: adjusted HR 16.69, 95% CI = 8.36–36.98,
p < 0.001; 3-NRV: adjusted HR 20.14, 95% CI = 4.92-40.37, p

< 0.001) (Table 3). The 2- and 3-NRV groups had a higher risk for
in-hospital mortality than the 1-NRV group (2-NRV: adjusted HR 2.64,
95% CI = 1.03–6.81, p = 0.04; 3-NRV: adjusted HR 2.24, 95%
CI = 1.67–7.38, p = 0.009). The risk for in-hospital mortality in the 3-
NRV group was also higher than that in the 2-NRV group (adjusted HR
1.78, 95% CI = 1.19–3.29, p = 0.03). The cumulative risk for in-hospital
mortality between the different NRV groups is demonstrated in the
Fig. 2B.

Twenty-five patients (34.72%) in the 0-vessel stenosis group, 28
patients (37.84%) in the 1-vessel stenosis group, 32 patients (56.14%)
in the 2-vessel stenosis group and 50 patients (71.43%) in the 3-vessel
stenosis group, respectively, were discharged with a poor neurologi-
cal outcome (1-vessel: adjusted OR = 1.66, 95% CI 0.67–4.15,
p = 0.275; 2-vessel: adjusted OR 1.81, 95% CI = 1.05-3.97,
p = 0.045; 3-vessel: adjusted OR 3.19, 95% CI = 1.25-8.15,
p = 0.001) (Table 4). The 2- and 3-vessel stenosis groups had a
significantly increased risk for poor neurological outcome compared to
the 1-vessel stenosis group (2-vessel: adjusted OR 1.82, 95%
CI = 1.08–4.40, p = 0.046; 3-vessel: adjusted OR 4.25, 95% CI = 1.70–
10.61, p = 0.001). The 3-vessel stenosis group also had a higher risk
for poor neurological outcome than the 2-vessel stenosis group
(adjusted OR 2.02, 95% CI = 0.97-7.04, p = 0.054). All 3 groups with
NRV had a significantly higher incidence of poor neurological outcome
compared with patients without NRV (1-NRV: adjusted OR 3.52, 95%
CI = 1.43–8.66, p = 0.006; 2-NRV: adjusted OR 7.02, 95% CI = 2.37–
20.80, p < 0.001; 3-NRV: adjusted OR 5.73, 95% CI = 1.44–19.89,
p = 0.001) (Table 4). The risk for poor neurological outcome in the 2-
and 3-NRV groups was higher than that in the 1-NRV group (2-NRV:
adjusted OR 1.80, 95% CI = 0.63–4.87, p=0.345; 3-NRV: adjusted OR
1.67, 95% CI = 0.36–7.59, p = 0.510). No difference was detected
between the 2- and 3-NRV groups (adjusted OR 1.45, 95% CI = 0.16–
13.39, p = 0.743). Early PCI was significantly associated with less in-
hospital mortality (adjusted HR 0.126, 95% CI = 0.035-0.457,

p = 0.002) and less poor neurological recovery (adjusted OR 0.330,
95% CI = 0.118-0.919, p = 0.034).

Discussion

In this retrospective multicenter observational study, the increased
number of coronary arteries with severe stenosis and the extent of
incomplete revascularization (number of NRVs) after the index PCI
were associated with a higher risk of in-hospital mortality and
unfavorable neurological outcomes in cardiac arrest survivors who
received emergent CAG after ROSC. Although several studies have
evaluated whether complete revascularization benefits STEMI
patients with multivessel CAD, this is the first study to investigate
whether the severity of coronary artery stenosis and incomplete
revascularization are associated with poor outcome in cardiac arrest
survivors.

Up to 60% of patients with STEMI have multivessel CAD and the
prognosis is proportional to the severity of the coronary artery
stenosis.10,11 In patients with acute transmural myocardial infarction,
Goldstein et al. demonstrated that multiple complex coronary plaques
are associated with a lower left ventricular ejection fraction, a higher
incidence of recurrent angina, and an increased requirement for
repeated catheterization or coronary bypass surgery within 1 year.10

In another study enrolling patients with acute myocardial infarction
receiving PCI, multivessel CAD was associated with an increased
incidence of 1-year mortality and major adverse cardiac events
(MACE) in proportion to the number of stenosed vessels.11 Keeley
et al. also reported that multiple complex plaques are an independent
predictor of short- and long-term MACE.21 A few studies have
addressed the incidence of multivessel disease and prognosis in
cardiac arrest survivors.19,20 The incidence of multivessel CAD in
patients resuscitated from sudden cardiac death is reported to be
about 30% in those with STEMI and 54% in those with NSTEMI with no
mention of their influence on outcome.19 Mylotte et al. reported an
incidence of 63.5% for multivessel CAD in STEMI patients
resuscitated from cardiac arrest and suffered from cardiogenic shock.
Although patients with multivessel CAD had a significantly lower 6-
month survival, significance disappeared after a multivariate

Fig. 2 – The cumulative risk of in-hospital mortality between groups with different (A) coronary artery stenosis (B) non-
revascularized vessels in patients with �1-vessel stenosis.
Log-rank test p < 0.001.
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analysis.20 In our study, 46.5% of enrolled patients had more than one-
vessel stenosis. After adjusting for baseline characteristics, pre-
existing comorbidities, CPR events, and post-arrest care, multivessel
CAD was still associated with survival and neurological recovery at
discharge in proportion to the number of stenosed vessels.

Several studies have demonstrated that emergent CAG after
ROSC is associated with improved outcomes in OHCA survivors.2–4

The 2015 AHA guidelines suggest that emergent CAG be performed
in OHCA patients with suspected cardiac origin and ST elevation on
ECG or evidence of haemodynamic or electrical instability.1 However,
the influence of early PCI during the index catheterization on
prognosis of cardiac arrest survivors remains controversial.5–8 Early
PCI does not always provide an additional benefit, while emergent
CAG has been demonstrated to increase survival.5,6 Recent studies
have reported that early PCI is associated with improved survival and
neurological recovery in OHCA survivors.4,7–9Moreover, Jentzer et al.
demonstrated that only early PCI remains associated with a significant
benefit after multivariate adjustment and propensity matching in
OHCA survivors with presumed cardiac origin. These results suggest
that the observed benefit of CAG might be primarily driven by PCI.8

Our study showed that early PCI was significantly associated with less
in-hospital mortality and poor neurological outcomes, which supports
early PCI in selected patients after ROSC. However, the reason why
early CAG and PCI improve neurological outcome has not be clarified
yet. Early GAG was found to be associated with higher intensity of
monitoring and care, more mechanical support with intra-aortic
balloon pump (IABP) and prompt diagnosis making,22 which might in
turn improve survival and neurological outcomes. Besides, patients
receiving early PCI were less likely to suffer from brain death and

withdrawal of life-sustaining therapy as compared to those receiving
early CAG without PCI.8

Studies investigating the benefit of complete revascularization in
STEMI patients with multivessel CAD have shown inconsistent
results on the prognosis.12–18 Staged PCI for multivessel CAD is
considered to be safe and associated with a lower mortality rate
compared to culprit-only PCI.13,14 In contrast, acute multivessel PCI
is associated with increased mortality and MACE.23–26 A more critical
condition or a more complex procedure was proposed to explain the
disadvantage when performing acute multivessel PCI. However,
recent clinical trials revealed contrasting results. Wald et al.
demonstrated that acute multivessel PCI significantly reduces the
risk of adverse cardiovascular events when compared to culprit-only
PCI.15 In another clinical trial, Gershlick et al. also showed improved
survival in patients receiving multivessel PCI compared to culprit-
only PCI.16 The benefit was primarily driven by decreased
subsequent revascularization.17 A few studies have addressed
management of multivessel CAD in cardiac arrest survivors. In a
study enrolling 169 STEMI patients with cardiac arrest and
cardiogenic shock, multivessel primary PCI was associated with a
significantly lower 6-month mortality rate compared with culprit-only
intervention. Recurrent cardiac arrest/shock death was significantly
reduced in patients receiving multivessel primary PCI.20 In our
current study, incomplete revascularization was associated with
increased in-hospital mortality and poor functional outcome, and the
risk of a poor outcome was positively correlated with the number of
NRVs. The better outcome in completely revascularized patients
may be attributed from the reduction in myocardial ischaemic burden
in such a critical illness.

Table 4 – The poor neurological outcome among different coronary artery stenosis and non-revascularization
groups.a

Poor neurological outcome Unadjusted OR (95% CI) p Adjusted OR (95% CI) p

Vessel number of coronary artery stenosis
0 25/72 (34.72%) Reference Reference
1 28/74 (37.84%) 1.14 (0.58, 2.25) 0.696 1.66 (0.67, 4.15) 0.275
2 32/57 (56.14%) 2.41 (1.18, 4.91) 0.016 1.81 (1.05, 3.97) 0.045
3 50/70 (71.43%) 4.70 (2.31, 9.56) <0.001 3.19 (1.25, 8.15) 0.001
1 Reference Reference
2 2.10 (1.04, 4.25) 0.038 1.82 (1.08, 4.40) 0.046
3 4.11 (2.04, 8.27) <0.001 4.25 (1.70, 10.61) 0.001
2 Reference Reference
3 1.95 (0.94, 4.08) 0.075 2.02 (0.97, 7.04) 0.054

Vessel number of non-revascularized coronary artery
0 24/81 (29.63%) Reference Reference
1 37/58 (63.79%) 4.19 (2.04, 8.57) <0.001 3.52 (1.43, 8.66) 0.006
2 32/42 (76.19%) 7.60 (3.23, 17.88) <0.001 7.02 (2.37, 20.80) <0.001
3 15/20 (75.00%) 7.12 (2.33, 21.81) <0.001 5.73 (1.44,19.89) 0.001
1 Reference Reference
2 1.82 (0.75, 4.42) 0.189 1.80 (0.63, 4.87) 0.345
3 1.70 (0.54, 5.35) 0.363 1.67 (0.36, 7.59) 0.510
2 Reference Reference
3 0.94 (0.27, 3.23) 0.919 1.45 (0.16, 13.39) 0.743

CPR = cardiopulmonary resuscitation; ECMO = extracorporeal membrane oxygenation; IABP = intraaortic balloon pumping; PCI = percutaneous coronary
intervention; ROSC = return of spontaneous circulation.
CI = confidence interval; OR = odds ratio.
a Adjusted for age gender, body mass index, diabetes mellitus, hypertension, coronary artery disease, chronic kidney disease, witnessed collapse, bystander
CPR, CPR duration, post-arrest inotrope use, ECMO, IABP, vessel number of coronary artery stenosis (for non-revascularized coronary artery), vessel number of
non-revascularized coronary artery (for coronary artery stenosis), emergent PCI after ROSC.
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Limitation

Several limitations in the current study should be discussed. Selection
bias was unavoidable due to the nature of a retrospective observational
analysis. The decision to perform complete or incomplete revasculari-
zation during emergent CAG was based on the physicians’ preference.
We tried to eliminate bias by adjusting several CPR events and post-
arrest care, such as CPR duration, inotrope use, IABP, and ECMO use.
Unrecognized confounding variables also have the potential to
influence the results. The small number of enrolled patients may have
resulted in the lack of a statistical difference between groups for some
variables. The limited ability of angiography to measure the severity and
complexity of CAD and to determine whether a given complex lesion is
acute or chronic should be recognized.27 Last, as described above, we
cannot clarify the causal relationship between emergent CAG/PCI and
neurological recovery in the current study.

Conclusion

In conclusion, among cardiac arrest survivors receiving emergent
CAG, multivessel CAD and incomplete revascularization were both
associated with increased in-hospital mortality and poor neurological
recovery.

Conflicts of interest

The authors declared that they have no conflict of interest, including
relevant financial interests, activities, relationships, and affiliations.

Acknowledgements

None.

R E F E R E N C E S

1. 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.

2. 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.

3. 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. Resuscitation 2015;94:61–6.

4. 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 20158:.

5. Casella G, Carinci V, Cavallo P, et al. Combining therapeutic
hypothermia and emergent coronary angiography in out-of-hospital
cardiac arrest survivors: Optimal post-arrest care for the best patient.
Eur Heart J Acute Cardiovasc Care 2015;4:579–88.

6. Vadeboncoeur TF, Chikani V, Hu C, Spaite DW, Bobrow BJ.
Association between coronary angiography with or without
percutaneous coronary intervention and outcomes after out-of-
hospital cardiac arrest. Resuscitation 2018;127:21–5.

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

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

9. 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
20158:.

10. Goldstein JA, Demetriou D, Grines CL, Pica M, Shoukfeh M, O’Neill
WW. Multiple complex coronary plaques in patients with acute
myocardial infarction. N Engl J Med 2000;343:915–22.

11. Sorajja P, Gersh BJ, Cox DA, et al. Impact of multivessel disease on
reperfusion success and clinical outcomes in patients undergoing
primary percutaneous coronary intervention for acute myocardial
infarction. Eur Heart J 2007;28:1709–16.

12. Task Force on the management of STseamiotESoC, Steg PG, James
SK, et al. ESC Guidelines for the management of acute myocardial
infarction in patients presenting with ST-segment elevation. Eur Heart
J 2012;33:2569–619.

13. Bangalore S, Kumar S, Poddar KL, Ramasamy S, Rha SW, Faxon DP.
Meta-analysis of multivessel coronary artery revascularization versus
culprit-only revascularization in patients with ST-segment elevation
myocardial infarction and multivessel disease. Am J Cardiol
2011;107:1300–10.

14. Vlaar PJ, Mahmoud KD, Holmes Jr DR, et al. Culprit vessel only versus
multivessel and staged percutaneous coronary intervention for
multivessel disease in patients presenting with ST-segment elevation
myocardial infarction: a pairwise and network meta-analysis. J Am Coll
Cardiol 2011;58:692–703.

15. Wald DS, Morris JK, Wald NJ, et al. Randomized trial of preventive
angioplasty in myocardial infarction. N Engl J Med 2013;369:1115–23.

16. Gershlick AH, Khan JN, Kelly DJ, et al. Randomized trial of complete
versus lesion-only revascularization in patients undergoing primary
percutaneous coronary intervention for STEMI and multivessel
disease: the CvLPRIT trial. J Am Coll Cardiol 2015;65:963–72.

17. Smits PC, Abdel-Wahab M, Neumann FJ, et al. Fractional flow
reserve-guided multivessel angioplasty in myocardial infarction. N
Engl J Med 2017;376:1234–44.

18. O’Gara PT, Kushner FG, Ascheim DD, et al. ACCF/AHA guideline for
the management of ST-elevation myocardial infarction: executive
summary: a report of the American College of Cardiology Foundation/
American Heart Association Task Force on Practice Guidelines.
Circulation 2013;127:529–55.

19. Carrizo S, Peinado RP, Sanchez-Recalde A, et al. Clinical and
angiographic characteristics of patients with acute coronary syndrome
associated with sudden cardiac death. Hell J Cardiol 2015;56:136–41.

20. Mylotte D, Morice MC, Eltchaninoff H, et al. Primary percutaneous
coronary intervention in patients with acute myocardial infarction,
resuscitated cardiac arrest, and cardiogenic shock: the role of primary
multivessel revascularization. JACC Cardiovasc Interv 2013;6:115–25.

21. Keeley EC, Mehran R, Brener SJ, et al. Impact of multiple complex
plaques on short- and long-term clinical outcomes in patients
presenting with ST-segment elevation myocardial infarction (from the
Harmonizing Outcomes With Revascularization and Stents in Acute
Myocardial Infarction [HORIZONS-AMI] Trial). Am J Cardiol
2014;113:1621–7.

22. 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.

23. Corpus RA, House JA, Marso SP, et al. Multivessel percutaneous
coronary intervention in patients with multivessel disease and acute
myocardial infarction. Am Heart J 2004;148:493–500.

24. Jensen LO, Thayssen P, Farkas DK, et al. Culprit only or multivessel
percutaneous coronary interventions in patients with ST-segment

R E S U S C I T A T I O N 1 3 7 ( 2 0 1 9 ) 5 2 – 6 0 59

http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0005
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0005
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0005
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0005
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0010
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0010
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0010
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0010
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0015
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0015
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0015
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0015
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0020
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0020
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0020
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0025
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0025
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0025
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0025
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0030
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0030
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0030
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0030
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0035
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0035
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0035
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0035
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0040
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0040
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0040
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0040
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0045
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0045
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0045
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0045
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0050
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0050
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0050
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0055
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0055
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0055
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0055
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0060
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0060
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0060
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0060
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0065
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0065
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0065
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0065
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0065
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0070
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0070
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0070
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0070
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0070
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0075
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0075
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0080
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0080
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0080
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0080
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0085
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0085
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0085
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0090
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0090
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0090
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0090
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0090
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0095
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0095
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0095
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0100
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0100
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0100
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0100
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0105
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0105
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0105
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0105
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0105
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0105
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0110
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0110
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0110
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0110
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0115
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0115
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0115
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0120
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0120


elevation myocardial infarction and multivessel disease.
EuroIntervention 2012;8:456–64.

25. Roe MT, Cura FA, Joski PS, et al. Initial experience with multivessel
percutaneous coronary intervention during mechanical reperfusion for
acute myocardial infarction. Am J Cardiol 2001;88:170–3 A6.

26. Kornowski R, Mehran R, Dangas G, et al. Prognostic impact of
staged versus "one-time" multivessel percutaneous intervention in

acute myocardial infarction: analysis from the HORIZONS-AMI
(harmonizing outcomes with revascularization and stents in
acute myocardial infarction) trial. J Am Coll Cardiol 2011;58:
704–11.

27. Levin DC, Fallon JT. Significance of the angiographic morphology of
localized coronary stenoses: histopathologic correlations. Circulation
1982;66:316–20.

60 R E S U S C I T A T I O N 1 3 7 ( 2 0 1 9 ) 5 2 – 6 0

http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0120
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0120
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0125
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0125
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0125
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0130
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0130
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0130
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0130
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0130
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0130
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0135
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0135
http://refhub.elsevier.com/S0300-9572(19)30026-7/sbref0135

	Stenosis and revascularization of the coronary artery are associated with outcomes in presumed cardiogenic arrest survivor...
	Background
	Materials and methods
	Results
	Discussion
	Limitation

	Conclusion
	Conflicts of interest
	Acknowledgements
	References


