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BACKGROUND: Despite the benefit of culprit-only percutaneous coronary intervention (PCl) in the CULPRIT-SHOCK (Culprit
Lesion Only PCI Versus Multi-vessel PCI in Cardiogenic Shock) trial, the optimal revascularization strategy for refractory car-
diogenic shock (CS) requiring mechanical circulatory support devices remains controversial. This study aimed to compare
clinical outcomes between the culprit-only and immediate multivessel PCI strategies in patients with acute myocardial infarc-
tion complicated by CS who underwent venoarterial-extracorporeal membrane oxygenation before revascularization.

METHODS AND RESULTS: This study included patient-pooled data from the RESCUE (Retrospective and Prospective
Observational Study to Investigate Clinical Outcomes and Efficacy of Left Ventricular Assist Devices for Korean Patients
With Cardiogenic Shock) and SMC-ECMO (Samsung Medical Center—Extracorporeal Membrane Oxygenation) registries.
A total of 315 patients with acute myocardial infarction with multivessel disease who underwent venoarterial-extracorporeal
membrane oxygenation before revascularization attributable to refractory CS were included in this analysis. The study
population was classified into culprit-only versus immediate multivessel PCl according to nonculprit lesion treatment
strategies. The primary end point was 30-day mortality or renal-replacement therapy, and the key secondary end point
was 12-month follow-up mortality. Among the study population, 175 (55.6%) underwent culprit-only PCl and 140 (44.4%)
underwent immediate multivessel PCI. Compared with culprit-only PCI, immediate multivessel PCI was associated with
significantly lower risks of 30-day mortality or renal-replacement therapy (68.0% versus 54.3%; P=0.018) and all-cause
mortality during 12 months of follow-up (59.5% versus 47.5%; hazard ratio [HR], 0.689 [95% CI, 0.506-0.939]; P=0.018) in
patients with acute myocardial infarction and CS who underwent venoarterial-extracorporeal membrane oxygenation be-
fore revascularization. These results were also consistent in the 99 pairs of propensity score—matched population (60.6%
versus 43.6%; HR, 0.622 [95% Cl, 0.420-0.922]; P=0.018).

CONCLUSIONS: Among patients with acute myocardial infarction with multivessel disease complicated by advanced CS requir-
ing venoarterial-extracorporeal membrane oxygenation before revascularization, immediate multivessel PCl was associated
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with lower incidences of 30-day mortality or renal replacement therapy and 12-month follow-up mortality, compared with
culprit-only PCI.

REGISTRATION INFORMATION: clinicaltrials.gov. Identifier: NCT02985008.
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CLINICAL PERSPECTIVE

w

w

hat Is New?

Although the CULPRIT-SHOCK (Culprit Lesion
Only PCI Versus Multi-vessel PCI in Cardiogenic
Shock) trial demonstrated that culprit-only per-
cutaneous coronary intervention (PCI) was su-
perior to immediate multivessel PCl in short-term
mortality, the optimal treatment strategy for non-
culprit lesions remains controversial in refractory
cardiogenic shock (CS) requiring mechanical cir-
culatory support before revascularization.
Compared with the culprit-only PCI, the imme-
diate multivessel PCl was associated with a re-
duced risk of short-term and 12-month follow-up
mortality in patients with acute myocardial in-
farction with multivessel disease complicated by
CS who underwent venoarterial-extracorporeal
membrane oxygenation before revascularization.

hat Are the Clinical Implications?
The current findings imply that immediate non-
culprit lesion revascularization during primary
PCI might be considered in selective scenarios of
CS, including in patients with a highly advanced
form of CS requiring venoarterial-extracorporeal
membrane oxygenation before revascularization.
Future randomized trials are needed to identify
the optimal treatment strategy in patients with
acute myocardial infarction and CS who requir-
ing mechanical circulatory support.

Nonstandard Abbreviations and Acronyms

VA

CS cardiogenic shock

CTO chronic total occlusion

MCS mechanical circulatory support
NCL nonculprit lesion

RRT renal-replacement therapy
SYNTAX Synergy Between PCl With Taxus

and Cardiac Surgery

TIMI Thrombolysis in Myocardial Infarction

-ECMO venoarterial-extracorporeal

membrane oxygenation
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sis or occlusion in addition to an infarct-related

artery can be found in 70% to 80% of patients
with acute myocardial infarction (AMI) complicated by
cardiogenic shock (CS) and is known to be associated
with increased mortality compared with single-vessel
disease."® The 2013 American College of Cardiology/
American Heart Association and the 2017 European
Society of Cardiology guidelines recommend percuta-
neous coronary intervention (PCI) of severe stenosis in
NCLs during a primary procedure to improve overall
myocardial perfusion and hemodynamic stability for
patients with AMI and CS.* However, the CULPRIT-
SHOCK (Culprit Lesion Only PCI Versus Multi-vessel
PCI in Cardiogenic Shock) trial, which is the largest
randomized trial in CS, demonstrated a 30-day risk of
a composite of death or severe renal failure leading to
renal-replacement therapy (RRT) was higher in the im-
mediate multivessel PCI group than in the culprit-only
PCI group.® Therefore, recently updated guidelines do
not recommend routine NCL revascularization during
primary PCI.8"

Nevertheless, there are still unsolved issues sur-
rounding the role of NCL revascularization for patients
with CS, depending on the requirement of mechanical
circulatory supports (MCSs) and the different stages of
CS. In the CULPRIT-SHOCK trial, about one-quarter
of patients, including 45 patients who underwent
venoarterial-extracorporeal membrane oxygenation
(VA-ECMO), received MCS devices, which are actively
being used in real-world practice to rescue patients
with CS. Moreover, at 1-year follow-up, a difference
in mortality disappeared, and the incidence of rehos-
pitalization for heart failure (HF) and risk of repeated
revascularization was higher in a culprit-only PCI strat-
egy.8 Recently, data from the large US NCDR (National
Cardiovascular Data Registry) showed that the mul-
tivessel PCl was associated with lower incidence of
in-hospital all-cause mortality in patients with non—
ST-segment—elevation myocardial infarction and CS
requiring MCS.°

Therefore, we sought to compare the clinical
outcomes between culprit-only and multivessel PCI
as an index procedure in patients with AMI compli-
cated by an advanced form of CS who underwent
VA-ECMO.

CIinicaIIy significant nonculprit lesion (NCL) steno-
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METHODS

The data, analytic methods, and study materials will not
be made available to other researchers for purposes of
reproducing the results or replicating the procedure.

Study Population and Data Collection

The patient-level pooled analysis included a total of 494
patients with AMI and CS who underwent VA-ECMO
who were registered in the RESCUE (Retrospective and
Prospective Observational Study to Investigate Clinical
Outcomes and Efficacy of Left Ventricular Assist
Devices for Korean Patients With Cardiogenic Shock)
(NCT02985008) or SMC-ECMO (Samsung Medical
Center-Extracorporeal Membrane Oxygenation) reg-
istries (Figure S1).'° The criteria of CS in both regis-
tries included systolic blood pressure <90mmHg for
30minutes or a state that required inotrope or vaso-
pressor support to achieve a systolic blood pressure
>90mmHg, and the presence of pulmonary congestion
and signs of impaired organ perfusion (altered mental
status, cold skin, urine output <0.5mL/kg per hour for
the previous 6hours, or blood lactate >2.0mmol/L).
Patients with out-of-hospital cardiac arrest, those with
other causes of shock, and those who refused active
treatment were excluded from these registries. Among
patients with AMI complicated by CS treated with pri-
mary PCI under VA-ECMO support (after exclusion of
VA-ECMO after revascularization, n=121), 84.9% of pa-
tients (n=315) had a multivessel disease and were finally
included in the current analysis (Figure S1).

Patient demographics, in-hospital management,
laboratory data, procedural data, and outcome data
were collected by independent clinical research coor-
dinators in both RESCUE and SMC-ECMO registries.
The follow-up data were prospectively collected at 1, 6,
and 12 months using a web-based case record form in
the RESCUE registry. In the SMC-ECMO registry, we
also collected the follow-up data in the same manner.
Additional information was obtained from medical re-
cords or telephone contact, if necessary. Institutional
review board approval was obtained at each of the
participating sites. The institutional review boards of
the participating centers waived the requirement for
informed consent in retrospectively enrolled patients,
and informed consent was obtained before enrollment
in all prospectively enrolled patients.

PCI Procedures and Angiographic Core
Laboratory Analysis

Coronary interventions and best medical treatment
were performed in accordance with standard guide-
lines at the time of each procedure.'"'? The presence
of NCL stenosis was defined as >50% diameter ste-
nosis in at least 1 major non-infarct-related artery.’®

J Am Heart Assoc. 2023;12:e029792. DOI: 10.1161/JAHA.123.029792

Revascularization During VA-ECMO for AMI With CS

The choice of revascularization strategy was at the
operator’s discretion. All patients who were not taking
aspirin or a P2Y12 inhibitor received a loading dose
of aspirin (300mg) or a P2Y12 inhibitor (clopidogrel,
300-600mg; ticagrelor, 180mg; or prasugrel, 60 mg).
Anticoagulation during PCI was performed using low-
molecular-weight heparin or unfractionated heparin to
achieve an activated clotting time of 250 to 300s.

All angiograms were collected and analyzed at
a core laboratory (Heart Vascular Stroke Institute,
Samsung Medical Center, Seoul, Republic of Korea).
The culprit and nonculprit lesion locations, presence
of nonculprit chronic total occlusion (CTO) lesion, and
percentage diameter stenosis with TIMI (Thrombolysis
in Myocardial Infarction) flow grades in both culprit and
nonculprit vessels were assessed by 3 experienced
cardiovascular technicians using a blinded approach.
The Synergy Between PCI With Taxus and Cardiac
Surgery (SYNTAX) score was calculated to assess the
atherosclerotic burden in epicardial coronary arteries,
using an online SYNTAX score calculator. The residual
SYNTAX score was based on the last frames of final
angiography during the index hospitalization to analyze
the residual ischemic burden after PCI.

VA-ECMO Management

Mechanical hemodynamic support using VA-ECMO
was considered on the basis of current guideline reco
mmendations.!>14-16 Management during VA-ECMO
support was also based on the Extracorporeal Life
Support Organization guideline.'” Peripheral VA-ECMO
cannulation was the most frequently applied for access
and performed via the common femoral artery and
vein just below the inguinal ligament and above their
respective bifurcations. A 15F to 17F arterial cannula
and a 21F to 28F venous cannula were used to supply
sufficient flow depending on the needs of the patient.
Continuous unfractionated heparin was infused intra-
venously to maintain an activated clotting time between
150 and 180s or between 180 and 220s, according
to the protocol of each hospital if there are no con-
traindications. When performing the distal perfusion
catheter insertion, a fluoroscopy- or ultrasound-guided
approach was used. Left ventricular unloading was se-
lectively performed by transseptal left atrial cannulation
via the femoral vein, pulmonary artery cannulation via
the jugular vein, insertion of intra-aortic balloon pump,
or conversion of central ECMO (surgically) according to
the clinicians’ decision. VA-ECMO weaning was con-
sidered when patients were hemodynamically stable
without any vasopressors or with a low level of phar-
macological support (norepinephrine, <0.05mg/kg
per minute; and/or dobutamine, <5mg/kg per minute)
and had a mean arterial pressure >65mmHg, lactate
<2mmol/L, and central vein pressure <15mmHg.
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Definitions and Outcomes

The primary end point of the current study was 30-
day mortality or RRT, and the key secondary end point
was 12-month follow-up all-cause mortality. Other
secondary end points included 30-day mortality, 30-
day cardiac mortality, 30-day RRT, poor neurologic
outcome at discharge, successful VA-ECMO weaning,
12-month follow-up recurrent myocardial infarction,
HF rehospitalization, repeated revascularization, and a
composite of all-cause mortality, myocardial infarction,
or HF rehospitalization.

All deaths were considered cardiac death unless a
definite noncardiac cause was established. Poor neu-
rologic outcome was defined as Cerebral Performance
Category >3."® Successful weaning of VA-ECMO was
defined as successful removal of VA-ECMO and not
requiring further mechanical support because of re-
curring CS over the following 48 hours.

Statistical Analysis

Categorical variables are presented as numbers and
relative frequencies, and their group differences were
compared using the x? test. Continuous variables
were compared between groups using the Welch
t-test and are presented as means+SDs or medians
with interquartile ranges. Cumulative incidences of
adverse events during follow-up are presented as a
Kaplan-Meier estimate, and the significance level was
assessed with a log-rank test. Cox proportional haz-
ard regression models were used to calculate haz-
ard ratios (HRs) and 95% Cls, and the proportional
hazards assumptions of the HRs in the Cox propor-
tional hazards models were graphically inspected
in the “log minus log” plot and were also tested by
Schoenfeld residuals. In multivariable models, clini-
cally relevant covariates were selected as candidate
variables. A propensity score matching analysis was
also performed to reduce selection bias and potential
confounding factors. For propensity score matching
analysis, a full nonparsimonious model was devel-
oped to include all variables, which were clinically
relevant, listed in Table S1. Patients in the 2 groups
were matched 1:1 on the logit of the propensity score
with a caliper width of 0.1 of the SD of the logit of the
propensity score, and 99 pairs were finally matched
(Figure S2). The covariate balance after propensity
score matching was assessed by calculating per-
centage standardized mean differences. The abso-
lute standardized mean difference after propensity
score matching was within +10% across all matched
covariates, demonstrating that a successful balance
was achieved between comparative groups. Stratified
Cox proportional hazard models with robust variance
were used to compare the outcomes of the matched
groups.
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All probability values were 2 tailed, and P<0.05 was
considered statistically significant. Statistical analyses
were performed using R Statistical Software (version
4.0.2; R Foundation for Statistical Computing, Vienna,
Austria).

RESULTS

Baseline Characteristics

Among the total study population, 175 patients (55.6%)
received culprit-only PCl and 140 (44.4%) received im-
mediate multivessel PCI. The mean age of the study
population was 65.3+11.5years, 247 patients (78.4%)
were men, and 218 patients (69.2%) received peripro-
cedural cardiopulmonary resuscitation because of car-
diac arrest. The mean systolic blood pressure and lactic
acid level were 51.6+37.7mmHg and 7.6+4.7 mmol/L,
respectively. There were no significant differences in
all baseline clinical demographics, cardiovascular risk
factors, clinical presentation, severity of shock, and in-
hospital and VA-ECMO management between culprit-
only and immediate multivessel PCI groups (Table 1).
In angiographic characteristics, the culprit lesion lo-
cation and pre- and post-PCI culprit lesion TIMI flow
grade did not differ significantly between the 2 groups.
However, compared with patients who underwent
culprit-only PCI, those with immediate multivessel PCI
had a higher prevalence of 3-vessel disease, a higher
number of lesions and the use of stents, a higher pre-
PCI SYNTAX score, and a greater NCL percentage
diameter stenosis (Table 2). In contrast, the residual
SYNTAX score was significantly lower in the immedi-
ate multivessel PCI group than in the culprit-only PCI
group. The overall contrast volume of index PCl was
significantly higher in the immediate multivessel PCI
group, but staged PCI was more frequently performed
in the culprit-only PCI group (Table 2).

In-Hospital and 12-Month Follow-Up
Clinical Outcomes

Among the 315 patients with AMI complicated by CS
who underwent VA-ECMO before revascularization,
an immediate multivessel PCI at the index procedure
was associated with significantly lower risks of 30-day
mortality or RRT compared with the culprit-only PCI
(culprit-only versus immediate multivessel PCI, 68.0%
versus 54.3%; P=0.018) (Figure 1). Similarly, the rates
of 30-day mortality (51.4% versus 39.3%; P=0.042),
cardiac mortality (47.4% versus 35.7%; P=0.048),
and poor neurologic outcomes defined by Cerebral
Performance Category 3 to 5 at discharge (62.9%
versus 49.3%; P=0.021) were significantly lower in the
immediate multivessel PCI group than in the culprit-
only PCI group. There was no significant difference in
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Table 1. Baseline Clinical Characteristics, Shock Severity, and In-Hospital and ECMO Management

Variable Total (n=315) Culprit-only PCI (n=175) Multivessel PCI (n=140) P value
Demographics
Age, y 65.3+11.5 65.4+11.5 65.3+11.6 0.948
Male sex 247 (78.4) 138 (78.9) 109 (77.9) 0.939
Body mass index, kg/m? 24.4+3.4 24.3+3.3 24.6+3.5 0.433
Hypertension 174 (55.2) 92 (52.6) 82 (58.6) 0.342
Diabetes 152 (48.3) 83 (47.4) 69 (49.3) 0.830
Dyslipidemia 65 (20.6) 35 (20.0) 30 (21.4) 0.864
Chronic kidney disease 31(9.8) 15 (8.6) 16 (11.4) 0.512
Current smoking 95 (30.2) 52 (29.7) 43 (30.7) 0.945
Previous myocardial infarction 67 (21.9) 33 (18.9) 34 (24.3) 0.302
Peripheral artery disease 13 (4.1) 9(5.1) 4(2.9) 0.466
Previous history of stroke 28 (8.9) 17 (9.7) 1(7.9) 0.707
Clinical presentation and severity at shock
Initial presentation
NSTEMI 102 (32.4) 52 (29.7) 50 (35.7) 0.313
STEMI 213 (67.6) 123 (70.3) 90 (64.3)
LVEF, % 25.0 (17.6-35.0) 25.0 (156.0-35.0) 27.5(19.1-35.0) 0.373
Systolic blood pressure, mmHg 62.0 (0-79.0) 64.0 (0-78.0) 62.0 (0-81.5) 0.293
Diastolic blood pressure, mmHg 40.0 (0-52.0) 40.0 (0-51.0) 43.0 (0-583.5) 0.105
Heart rate, beats/min 67.0 (0-99.0) 62.5 (0-98.0) 72 (30.0-102.0) 0.125
Hemoglobin, g/dL 12.7 (10.9-14.7) 12.6 (11.0-14.7) 13.0 (10.4-14.6) 0.307
Creatinine, mg/dL 1.29 (1.00-1.70) 1.30 (1.02-1.70) 1.25 (0.98-1.71) 0.548
Glucose, mg/dL 218.0 (154.0-310.0) 230.0 (154.0-323.0) 206.0 (153.0-295.0) 0.440
Lactic acid, mmol/L 6.8 (3.7-10.5) 7.6 (4.3-11.0) 6.1 (3.1-10.1) 0.138
Peak troponin |, ng/mL 60.4 (9.2-380.6) 50.0 (8.1-386.9) 65.7 (9.6-358.8) 0.629
IABP-SHOCK 2 score 2.0 (1.0-4.0) 2.0 (1.0-4.0) 2.0 (1.0-3.0) 0.131
Undergoing CPR 218 (69.2) 128 (73.1) 90 (64.3) 0.117
Arrest rhythm
VT or VF 96/218 (44.0) 56/128 (43.8) 40/90 (44.4) 0.999
PEA or asystole 122/218 (56.0) 72/128 (56.2) 50/90 (55.6)
In-hospital management
Use of vasoactive drug 302 (95.9) 167 (95.4) 135 (96.4) 0.874
Mechanical ventilation 275 (87.3) 153 (87.4) 122 (87.1) 0.999
Requiring RRT 114 (36.2) 65 (37.1) 49 (35.0) 0.783
Left ventricular unloading 63 (20.0) 38 (21.7) 25 (17.9) 0.479
Transseptal left atrial cannulation 20 (6.3) 11 (6.3) 9 (6.4) 0.999
Combined IABP insertion 44 (14.0) 27 (15.4) 17 (12.1) 0.501
ICU stays, d (survived patients only) 12.0 (6.0-19.0) 11.0 (6.0-17.5) 12.5 (7.0-21.0) 0.487
Hospital stays, d (survived patients only) 22.5 (14.0-50.0) 23.5 (16.0-48.0) 21.0 (12.0-51.0) 0.738
ECMO management
Fluoroscopy guidance 235 (74.6) 130 (74.9) 105 (75.0) 0.988
Shock to ECMO time, min 56.0 (30.0-110.0) 57.0 (33.0-120.0) 53.0 (28.0-104.0) 0.591
Distal perfusion 115 (36.5) 58 (33.1) 57 (40.7) 0.204
Initial pump flow, L/min 3.1(2.5-3.6) 3.1 (2.5-3.6) 31 (2.5-3.7) 0.827
ECMO maintenance duration, d 4.0 (2.0-6.0) 4.0 (2.0-7.0) 4.0 (2.0-6.0) 0.812
Successful ECMO weaning 191 (64.8) 99 (60.0) 92 (70.8) 0.072

Values are mean+SD, median (interquartile range), number (percentage), or number/total (percentage).

CPR indicates cardiopulmonary resuscitation; ECMO, extracorporeal membrane oxygenation; IABP, intra-aortic balloon pump; IABP-SHOCK, IABP in
cardiogenic shock; ICU, intensive care unit; LVEF, left ventricular ejection fraction; NSTEMI, non-ST-segment-elevation myocardial infarction; PCI, percutaneous
coronary intervention; PEA, pulseless electrical activity; RRT, renal-replacement therapy; STEMI, ST-segment—elevation myocardial infarction; VF, ventricular
fibrillation; and VT, ventricular tachycardia.
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Variable Total (n=315) Culprit-only PCI (n=175) Multivessel PCI (n=140) P value
Angiographic findings
Culprit lesion location
LM 109 (34.6) 59 (33.7) 50 (35.7) 0.349
LAD 102 (32.4) 53 (30.3) 49 (35.0)
LCX 33 (10.5) 17 (9.7) 16 (11.4)
RCA 71 (22.5) 46 (26.3) 25 (17.9)
Culprit lesion TIMI flow grade, pre-PCl
0 154 (48.9) 86 (49.1) 68 (48.6) 0.738
1 38 (12.1) 24 (13.7) 14 (10.0)
2 68 (21.6) 36 (20.6) 32 (22.9)
3 55 (17.5) 29 (16.6) 26 (18.6)
Culprit lesion TIMI flow grade, post-PClI
0 4 (1.3) 3(1.7) 1(0.7) 0.279
1 722 6 (3.4) 1(0.7)
2 31(9.8) 15 (8.6) 16 (11.4)
3 273 (86.7) 151 (86.3) 122 (87.1)
Nonculprit lesion location (per-vessel) n=453 n=246 n=207
LM 8 (2.5 2(1.1) 6 (4.3) 0.161
LAD 121 (38.4) 71 (40.6) 50 (35.7) 0.445
LCX 192 (61.0) 101 (57.7) 91 (65.0) 0.230
RCA 132 (41.9) 72 (41.1) 60 (42.9) 0.848
Vessel disease
2-Vessel disease 158 (50.2) 97 (55.4) 61 (43.6) 0.048
3-Vessel disease 157 (49.8) 78 (44.6) 79 (56.4)
SYNTAX score, pre-PClI 29.9+11.2 27.8+11.0 32.4+11.0 <0.001
SYNTAX score, post-PCl 9.3+£9.6 11.2+10.1 7.0+8.4 <0.001
A SYNTAX score 20.6+11.1 16.7+9.9 25.4+10.6 <0.001
No. of lesions 2.8+1.2 2.6+1.1 3.0+1.2 0.002
Nonculprit CTO lesion 103 (32.7) 65 (37.1) 38 (27.1) 0.079
Calcified lesion 106 (33.7) 50 (28.6) 56 (40.0) 0.044
Nonculprit vessel diameter stenosis, % 87.4+151 84.3+17.1 91.2+11.2 <0.001
Procedural characteristics
Access site
Femoral artery 276 (87.6) 151 (86.3) 125 (89.3) 0.528
Radial artery 39 (12.4) 24 (18.7) 15 (10.7)
Contrast volume, mL 166.2+77.7 136.9+55.9 200.6+85.8 <0.001
Implanted device
Drug-eluting stent 245 (77.8) 131 (74.9) 114 (81.4) 0.267
Balloon angioplasty or thrombectomy 50 (15.9) 33 (18.9) 17 (12.1)
only
Others 20 (6.3) 11(6.3) 9 (6.4)
Shock-to-balloon time, min 87.0 (63.0-138.0) 87.0 (57.0-135.0) 85.0 (49.0-144.0) 0.625
ECMO-to-balloon time, min 34.5 (18.0-67.0) 36.0 (19.5-67.5) 33.0 (18.0-683.0) 0.845
Treated lesion No. 1.7+0.9 1.2+0.5 2.3+0.9 <0.001
No. of stents 1.4+141 1.0+£0.7 2.0+1.2 <0.001
Thrombus aspiration 115 (36.5) 58 (33.1) 57 (40.7) 0.204
Glycoprotein llib/llla inhibitor 24 (7.6) 11 (6.3) 13(9.3) 0.433
(Continued)
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Table 2. Continued

Revascularization During VA-ECMO for AMI With CS

Variable Total (n=315) Culprit-only PCI (n=175) Multivessel PCI (n=140) P value
CTO revascularization at index PClI
Not attempted 86/103 (83.5) 65/65 (100) 21/38 (55.3) <0.001
Successful revascularization 12/108 (11.7) 0/65 (0) 12/38 (31.6)
Failed revascularization 5/103 (4.9) 0/65 (0) 5/38 (13.2)
Performed staged PCI 21 (6.7) 18 (10.3) 3(21) 0.008
Timing of staged PCI, d 2.0 (1.0-4.0) 3.5(2.0-6.0) 0.0 (0.0-1.0) 0.037

Values are mean+SD, median (interquartile range), number (percentage),

or number/total (percentage). CTO indicates chronic total occlusion; ECMO,

extracorporeal membrane oxygenation; LAD, left anterior descending artery; LCX, left circumflex artery; LM, left main coronary artery; PCI, percutaneous coronary
intervention; RCA, right coronary artery; SYNTAX, Synergy Between PCI With Taxus and Cardiac Surgery; and TIMI, Thrombolysis in Myocardial Infarction.

the risk of 30-day RRT (37.1% versus 35.0%; P=0.783)
between the 2 groups (Figure 1). Short-term outcome
between the 2 groups showed similar trends in pro-
pensity score—matched population (Figure S3). At 12
months of follow-up, patients who received immediate
multivessel PCI had significantly lower risks of all-cause
mortality (69.5% versus 47.5%; HR, 0.689 [95% ClI,
0.506-0.939]; P=0.018) and a composite of all-cause
mortality, myocardial infarction, and HF rehospitaliza-
tion (HR, 0.741 [95% CI, 0.575-0.955]; P=0.021) than
those who received culprit lesion only PCI (Figure 2A
and Table 3). The multivariable analysis showed con-
sistent results after the adjustment of various clinical

and lesion characteristics, including age, sex, history
of chronic kidney disease, history of stroke, severe
left ventricular systolic dysfunction (ejection fraction,
<30%), ST-segment—elevation myocardial infarction at
presentation, intra-aortic balloon pump in cardiogenic
shock 2 score, left main or left anterior descending
coronary artery as a culprit vessel, culprit lesion TIMI
flow grade after PCI, mechanical ventilation, and triple-
vessel disease (Table 3). These results were also con-
sistent in the 99 pairs of propensity score—matched
population (Figure 2B and Table 3). The explanatory
analysis comparing the outcomes between immedi-
ate or staged multivessel revascularization versus

M Culprit-Only PCI B Immediate Multi-Vessel PCI

A 30-Day Mortality or RRT P P=0.018
51.4
B 30-Day All-cause Mortality Py ‘ P=0.042
c ) ) 474
30-Day Cardiac Mortality 357 P=0.048
37.1
D 30-Day RRT P=0.783
35
E CPC 3-5 at Discharge =
g 49.3 P=0.021
0 10 20 30 40 50 60 70
Proportion (%)
Figure 1. Comparison of short-term outcomes between culprit-only PCI vs multivessel

PCI for patients with acute myocardial infarction and multivessel disease complicated
by cardiogenic shock undergoing venoarterial-extracorporeal membrane oxygenation

before revascularization.

Bar graphs show the rates of short-term clinical outcomes, including 30-day mortality or RRT (A),
30-day mortality (B), 30-day cardiac mortality (C), 30-day RRT (D), and CPC 3 to 5 at discharge
(E) between culprit-only PCI (blue bars) and immediate multivessel PCI (red bars). CPC indicates
Cerebral Performance Category; PCI, percutaneous coronary intervention; and RRT, renal-

replacement therapy.

J Am Heart Assoc. 2023;12:e029792. DOI: 10.1161/JAHA.123.029792 7
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Figure2. Comparison of 12-month follow-up all-cause mortality between culprit-only PCI vs multivessel PCl for patients
with acute myocardial infarction and multivessel disease complicated by cardiogenic shock undergoing venoarterial-
extracorporeal membrane oxygenation before revascularization.

Kaplan-Meier curves are shown for comparing 12-month follow-up mortality between the culprit-only (blue line) vs multivessel
PCI (red line) groups in the overall population (A) and propensity-matched population (B). *Adjusted variables included age,
sex, history of chronic kidney disease, history of stroke, severe left ventricular systolic dysfunction (ejection fraction, <30%),
ST-segment-elevation myocardial infarction, intra-aortic balloon pump in cardiogenic shock 2 score, left main or left anterior
descending artery as a culprit vessel, culprit lesion TIMI flow grade after PCI, mechanical ventilation, and triple-vessel disease.
HR indicates hazard ratio; PCI, percutaneous coronary intervention; RRT, renal-replacement therapy; and TIMI, Thrombolysis in

Myocardial Infarction.

culprit-only revascularization showed similar results
(Figure S4).

Subgroup Analysis

The subgroup analyses were performed to identify
whether the efficacy of immediate multivessel PCI
differed among various subgroups. The lower risk of
all-cause mortality up to 12 months in the immediate
multivessel PCI was similar across various clinical, le-
sion severity, or lesion characteristics, without signifi-
cant interaction (Figure 3).

DISCUSSION

Using patient-pooled data from dedicated cohorts for
CS, we compared the short-term and follow-up clinical
outcomes between culprit-only versus multivessel PCI
in patients with AMI with multivessel disease compili-
cated by an advanced form of CS who underwent VA-
ECMO before revascularization. In the current study,
we found that the immediate multivessel procedure
was significantly associated with lower risks of 30-
day mortality or RRT and 12-month all-cause mortal-
ity compared with culprit-only PCl in patients with AMI

J Am Heart Assoc. 2023;12:e029792. DOI: 10.1161/JAHA.123.029792

and multivessel disease complicated by CS requiring
VA-ECMO before revascularization, and these findings
were maintained even in a propensity score—-matched
population.

In patients who presented with ST-segment-
elevation myocardial infarction and multivessel dis-
ease without CS, several well-designed randomized
trials have consistently demonstrated that complete
revascularization (either immediate or staged) was as-
sociated with a significantly reduced risk of adverse
cardiovascular events compared with culprit-only
revascularization.'®922  Conversely, the CULPRIT-
SHOCK trial, which is a randomized trial for comparing
the outcomes according to the NCL treatment strat-
egies for patients with AMI with CS, identified culprit-
only PCl was superior to immediate multivessel PCI
with respect to short-term mortality or risk of RRT, in
contrast to the previous results of several observational
studies.®>923-25 However, in the CULPRIT-SHOCK trial,
only 28.3% of patients received MCS devices, includ-
ing 6.6% of the total cohort who were supported with
VA-ECMO. Furthermore, 35.9% of patients had lactate
<2mmol/L, and the median systolic blood pressure
of the total population was 100mmHg. This indicates
that many patients with an advanced form of CS
may not have been included in this trial. Considering
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the recent new 5-stage CS classification (proposed
by the Society for Cardiovascular Angiography and
Interventions)?® being clearly associated with robust
mortality risk stratification for patients with CS,%"2° it
is unclear whether the role of immediate multivessel
PCI differed for an extremely advanced form of CS,
which is underreported in the CULPRIT-SHOCK trial.
Notably, data from the large US NCDR demonstrated
that the benefits of multivessel PCI in patients with
non—-ST-segment—elevation myocardial infarction and
CS were more pronounced in those requiring MCS.°
Furthermore, in another cohort from the National
Cardiogenic Shock Initiative, which emphasized early
Impella support with invasive hemodynamic moni-
toring, multivessel PCI showed comparable clinical
outcomes to culprit-only PCI.2® Taken together, there
is a possibility of allowing immediate multivessel PCI
through hemodynamic support with MCS, in contrast
to CS without MCS support. Nevertheless, there have
been limited data on the association between NCL
treatment strategy and clinical outcomes in patients
with AMI and CS treated with VA-ECMO. Therefore, we
conducted the current study to compare the outcomes
between culprit-only and immediate multivessel PCI in
patients with an advanced form of CS requiring VA-
ECMO before revascularization and found that the
immediate multivessel PCl was associated with signifi-
cantly lower risks of 30-day mortality or RRT and 12-
month all-cause mortality compared with culprit-only
PCI. In the recommendations of previous guidelines
based on expert opinions, revascularization for NCL
would help in recovering myocardial perfusion and
left ventricular function, and these potential benefits
might be more prominent in patients with an extremely
advanced form of CS. Furthermore, hemodynamic
support using MCS devices, including ECMO, might
reduce the possibility of temporary exacerbation of CS
attributable to additional procedural risks associated
with NCL revascularization by maintaining organ perfu-
sion during immediate multivessel PCI. Especially, the
clinical role of NCL revascularization may be different
from that of other MCS devices capable of left ventric-
ular unloading because VA-ECMO may induce pulmo-
nary edema along with an increase of left ventricular
filling pressure by increasing the afterload, which may
result in aggravation of the ischemia in the NCL lesion
territory and delay the recovery of cardiac function,
leading to failure of ECMO weaning.

In the CULPRIT-SHOCK trial, 23.5% of enrolled pa-
tients had at least 1 CTO lesion, which required treat-
ment during the index procedure in patients randomized
to multivessel PCl; however, the immediate technical
success of CTO revascularization was achieved in only
16.6% (13/78) of cases despite the expense of a higher
amount of contrast media and longer procedural time.3°
In the present study, in contrast to the CULPRIT-SHOCK
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HROSLC)  Puae heauelor
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Age <65 years 43/86 (50.5%) 24/68 (35.6%) —_— 0.618 (0.375-1.018) 0.059
Diabetes mellitus 44/83 (53.6%) 35/69 (51.6%) —I— 0.874 (0.561-1.363) 0.553 0148
Non-diabetes mellitus 59/92 (64.8%) 31/71 (43.8%) —_— 0.562 (0.364-0.869) 0.010
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Left ventricular unloading (+) 24/38 (63.2%) 16/25 (65.5%) —l—— 0.805 (0.427-1.517) 0.502 0450
Left ventricular unloading (-) 79/138 (58.5%) 50/115 (43.6%) —a— 0.662 (0.464-0.943) 0.022
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Figure 3. Comparison of 12-month follow-up all-cause mortality between culprit-only PCl vs multivessel PCl according to
various subgroups.

Comparative HRs of 12-month follow-up mortality for various subgroups in patients with acute Ml and multivessel disease complicated
by cardiogenic shock undergoing venoarterial-extracorporeal membrane oxygenation before revascularization. CPR indicates
cardiopulmonary resuscitation; CTO, chronic total occlusion; HR, hazard ratio; LAD, left anterior descending artery; LCX, left circumflex
artery; LM, left main coronary artery; MI, myocardial infarction; PCI, percutaneous coronary intervention; RCA, right coronary artery;

and SYNTAX, Synergy Between PCI With Taxus and Cardiac Surgery.

trial, revascularization was attempted immediately in only
16.5% (17/103) of patients with CTO, and 70.6% (12/17)
of these cases achieved successful CTO recanalization.
This discrepancy on the CTO PCI strategy may be one
factor that can explain the conflicting results between
CULPRIT-SHOCK trial and the current study. Moreover,
in the CULPRIT-SHOCK trial, 12.5% of those random-
ized to the culprit-only PCI group underwent immedi-
ate multivessel PCl and an additional 21.5% underwent
staged or urgent repeated revascularization. In contrast,
patients who “crossed over” in the CULPRIT-SHOCK
trial would have been categorized as undergoing imme-
diate multivessel PCl in the study. Furthermore, trans-
porting the patient to the catheterization laboratory for
staged PCI under ECMO support can be risky and bur-
densome. In fact, only 10.3% (18/175) of patients in the
culprit-only PCI group received staged PCI in our co-
horts, which is lower than the rates of staged PCl in the
CULPRIT-SHOCK trial. Taken together with the results
from the 1-year follow-up study in the CULPRIT-SHOCK
trial and the current study, immediate multivessel PCI
might be considered to reduce future HF hospitaliza-
tion or urgent revascularization risk and to improve NCL
territory ischemia during VA-ECMO maintenance in pa-
tients with AMI and CS with hemodynamic stabilization
through VA-ECMO insertion before revascularization.

J Am Heart Assoc. 2023;12:e029792. DOI: 10.1161/JAHA.123.029792

The currently ongoing RESCUE-SHOCK trial (clinicaltr
ials.gov, NCT05527717) will help to confirm our findings.

Limitations

The current study has some limitations that should
be noted. First, this study was derived from patient-
pooled observational data; therefore, unmeasured
confounding factors could have influenced the study
results. In particular, the choice of revascularization
strategy and application of VA-ECMO devices was
solely left to the operator’s discretion, and possibly in-
troduced selection bias. Therefore, the current results
should be interpreted as hypothesis generating and
should be confirmed in a future well-designed rand-
omized trial. However, in contrast to previous registry-
based studies, only immediate multivessel PCI (not
including staged multivessel PCI) during the primary
procedure was classified as the multivessel PCI group
to identify the impact of the initial treatment decision
for NCL treatment, in agreement with the scheme of
the CULPRIT-SHOCK trial. Second, lesion severity of
the NCL was assessed by the angiographic findings
alone. Third, the hemodynamic data, including cardiac
output, pulmonary capillary wedge pressure, and cen-
tral venous pressure, which are indicators for recovery
from shock, were not available in the current study.

10


http://clinicaltrials.gov
http://clinicaltrials.gov

€20z ‘/z aunr uo Aq Blo'sfeulnofeye//:dny woly papeojumoq

Choi et al

CONCLUSIONS

In the setting of AMI and multivessel disease compli-
cated by CS with VA-ECMO support before revascu-
larization, immediate multivessel PCl was associated
with lower risks of 30-day mortality or RRT and 12-
month follow-up all-cause mortality. This result sug-
gested that NCL revascularization during primary PCI
might be considered in selective scenarios of CS, in-
cluding patients with an extremely advanced form of
CS requiring VA-ECMO before revascularization.
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Table S1. Standardized differences of variables used in propensity matching according to treatment strategy.

Standardized mean difference

before propensity matching

Standardized mean difference
after propensity matching

(N=315) (N=198)

Age, years -0.7 -5.4
Male --2.4 4.9
Body mass index > 25 kg/m? -4.3 0

Hypertension 12.2 -8.2
Diabetes mellitus 3.7 -6.1
Dyslipidemia 3.5 -2.5
Chronic kidney disease 9.0 -9.5
Current smoking 2.2 4.4
Previous myocardial infarction 12.7 2.4
Peripheral artery disease -13.7 -6.1
Previous history of stroke -6.9 3.8
STEMI at presentation -12.5 2.1
IABP-SHOCK 2 score -18.9 -5.8
Undergoing CPR -18.5 -4.2
Mechanical ventilation -0.9 6.0
Vasopressor use 54 -54
Combined IABP insertion -10.1 3.1
LM or LAD as a culprit vessel 14.8 2.2
Triple vessel disease 23.8 4.1
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Number of lesions 32.6 -1.6
SYNTAX score, pre-PCI 41.5 -3.0
Non-culprit CTO lesion -22.5 0

CPR= cardiopulmonary resuscitation; CTO, chronic total occlusion; IABP= intra-aortic balloon pump; IABP-SHOCK-= Intra-aortic Balloon Pump in Cardiogenic
Shock; LAD, left anterior descending artery; LM, left main coronary artery; STEMI= ST-segment elevation myocardial infarction; SYNTAX= Synergy between
PCI with Taxus and Cardiac Surgery.
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SMART-RESCUE Registry SMC-ECMO Registry
2014.01 ~ 2018.12 2004.01 ~ 2021.08

Patients Presented With CS Undergoing VA-

Patients Presented With CS (n=1247) ECMO (n=1409)

Excluded (n=1009)

Non-ischemic cause shock (n =232)
Ischemic cardiomyopathy (n =179)

Not attempted CAG (n = 26)

Failed PCI or no Revascularization (n = 38)
Unavailable CAG image (n = 28)
Undergoing CABG (n = 42)

Vasospasm (n=7)

Not application of VA-ECMO (n=457)

Excluded (n=1155)
Non-ischemic cause shock (n = 864) +
Ischemic cardiomyopathy (n =125)

Not attempted CAG (n =28)

Failed PCI or no Revascularization (n =53)
Undergoing CABG (n =49)

Vasospasm (n=4)

Duplicated cases with RESCUE Registry (n=32)

Patients with CS due to AMI Undergoing VA-ECMO (n=492)

Excluded (n=181)
» Single-vessel disease (n=84)
VA-ECMO after revascularization (n=93)

A

Patients with AMI-CS and Multi-Vessel Disease Undergoing VA-ECMO Before Revascularization (n=315)

i
! }

Culprit Only PCI (n=175) Multi-vessel PCI (n=140)

Figure S1. Study Flow

AMI, acute myocardial infarction; CABG, coronary artery bypass grafting; CAG, coronary angiography; CS, cardiogenic shock; PClI,
percutaneous coronary intervention; VA-ECMO, venoarterial-extracorporeal membrane oxygenation.
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Distribution of Propensity Scores
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Figure S2. Balance Plot for Propensity Matching

The balance of the propensity score was plotted.
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Figure S3. Comparison of Short-term Outcomes Between Culprit-Only PCI versus Multi-vessel PCl in Propensity-

Matched Population

Bar graphs show the rates of short-term clinical outcomes including (A) 30-day mortality or RRT, (B) 30-day mortality, (C) 30-day
cardiac mortality, (D) 30-day RRT, and (E) CPC 3-5 at discharge between culprit-only PCI (blue bars) and immediate multi-vessel
PCI (red bars) in propensity-matched population.

CPC, Cerebral Performance Category; PCI, percutaneous coronary intervention; RRT, renal-replacement therapy; VA-ECMO,
venoarterial-extracorporeal membrane oxygenation.
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Figure S4. Explanatory Analyses Comparing Immediate or Staged Multi-vessel Revascularization vs. Culprit-only
Revascularization.

PCI, percutaneous coronary intervention; RRT, renal replacement therapy.
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