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Background: This study aimed to identify the determinant factors of survival in patients with acute 
myocardial infarction (AMI) and refractory cardiogenic shock (RCS) who underwent veno-arterial 
extracorporeal membrane oxygenation (ECMO).
Methods: Sixty-nine consecutive patients with AMI-related RCS were enrolled in the study. They were 
treated with ECMO and primary percutaneous coronary intervention (PCI). The clinical scores and 
coronary angiography (CAG) factors related to 100-day survival were evaluated.
Results: Thirty patients (43.5%) survived for more than 100 days. The CAG showed that 19 (27.5%) 
patients had left main disease (LMD). There were 17 (24.6%), 27 (39.1%), and 25 (36.3%) patients with 
one-vessel, two-vessel, and three-vessel disease, respectively. There were significant differences between the 
survivors and non-survivors in the simplified acute physiology score II (SAPSII) (65.4±17.2 vs. 83.1±13.0, 
P<0.001), sepsis-related organ failure assessment score (SOFA) (10.4±2.7 vs. 12.3±2.5, P=0.004), survival after 
veno-arterial extracorporeal membrane oxygenation score (SAVE) (−4.4±4.3 vs. −8.4±3.1, P<0.001), CPR 
time (15.8±16.6 vs. 30.0±29.5, P=0.048), LMD [4 (13.3%) vs. 15 (38.5%), P=0.029], and number of coronary 
artery disease (NCAD) (P<0.001). Multivariate logistic regression analysis showed that NCAD (OR 3.788, 
P=0.008) was one of the independent predictors of mortality. The ROC analysis showed that SAPSII (AUC 
0.786, P<0.001), SOFA (AUC 0.715, P=0.002), and SAVE (AUC 0.766, P<0.001) equally predict mortality. 
The combined NCAD parameters more accurately predicted mortality and differences in the AUC values 
(d-AUC) between SAPSII plus NCAD vs. SAPSII (d-AUC 0.073, z=2.256, P=0.024), SOFA plus NCAD vs. 
SOFA (d-AUC 0.058, z=2.773, P=0.006), and SAVE plus NCAD vs. SAVE (d-AUC 0.036, z=2.332, P=0.020). 
Conclusions: The SAPSII, SOFA, and SAVE scores predict the prognosis of ECMO-treated AMI patients 
with RCS. The CAG findings reinforce the predictive power of each score.
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Introduction

Cardiogenic shock is a life-threatening emergency with a 
high mortality rate (1). In patients with acute myocardial 
infarction (AMI), about 7–10% are complicated by 
cardiogenic shock, which is associated with a high mortality 
rate of 50–70% (2). Increasingly, severe cases of refractory 
cardiogenic shock (RCS) are managed with mechanical 
circulatory support such as veno-arterial extracorporeal 
membrane oxygenation (ECMO), which can be a bridge-
to-recovery of cardiac function (3). Reports indicate that 
ECMO could be effectively administered to patients with 
AMI-related RCS and suggest the survival advantage of 
early ECMO-assisted primary percutaneous coronary 
intervention (PCI) in such circumstances (4).

In patients with AMI, favorable outcomes were reported 
after primary PCI. However, worse reperfusion rates and 
unfavorable remodeling are often observed in patients 
with multivessel coronary artery disease (MVCAD), which 
suggests that the extent of non-culprit coronary disease may 
directly or indirectly impact the clinical outcome (5,6). Even 
after successful PCI, patients with AMI due to left main 
coronary artery disease (LMCAD) showed poor clinical 
outcomes and high mortality rates due to combined RCS 
(7,8). To date, only a few studies have specifically focused on 
clinical factors in ECMO-treated AMI patients with RCS, 
and none has considered the coronary angiographic findings 
and the clinical prognostic scoring system together (9,10). 
Therefore, we investigated whether the simplified acute 
physiology score II (SAPSII), sepsis-related organ failure 
assessment score (SOFA), and survival after veno-arterial 
extracorporeal membrane oxygenation score (SAVE), as 
well as coronary angiographic findings could be predictors 
of survival in patients with AMI-related RCS treated with 
ECMO.

Methods

Study population

Patients were eligible for enrollment if they were >30 and 
<85 years of age. AMI patients who underwent primary PCI 
and received ECMO because of AMI-related RCS were 
included. Patients were excluded if they were ≥85 years of 
age or if they had any of the following conditions: a history 
of significant valvular heart disease (more than severe 
degree), unwitnessed cardiac arrest, ongoing intracranial 
hemorrhage, chronic severe organ dysfunction (such as 

emphysema and liver cirrhosis), severe immunosuppression, 
end-stage malignancy, or prolonged cardiopulmonary 
resuscitation (CPR) without adequate tissue perfusion. 
In this study, RCS was defined as cardiac and circulatory 
failure resulting in a systolic pressure of <90 mmHg and 
organ hypoperfusion unresponsive to conventional medical 
therapies including vasoactive medications (11). This study 
was approved by the institutional review board of Hallym 
University Sacred Heart Hospital.

CPR, ECMO, and coronary angiographic related factors

Including laboratory findings, SAPSII, SOFA, and SAVE, 
CPR-related characteristics such as cardiac arrest, out of 
hospital cardiac arrest (OHCA), ventricular tachycardia 
or ventricular fibrillation were evaluated. Total CPR time 
was calculated by subtracting the return of spontaneous 
circulation time from the total chest compression time. 
ECMO-related factors such as extracorporeal membrane 
oxygenation cardiopulmonary resuscitation (ECPR), 
collapse to ECMO initiation time, continuous renal 
replacement therapy, intra-aortic balloon pump (IABP), 
ECMO duration, length of intensive care unit stay 
and length of hospital stay were evaluated. Coronary 
angiographic and PCI-related findings such as door-to-
balloon time, culprit lesion of coronary artery, LMCAD, 
chronic total occlusion, and number of coronary artery 
disease (NCAD) were evaluated. In this study, the SAPSII, 
SOFA, and SAVE scores were modified to collect the 
relevant pre-ECMO data from patients just prior to 
deciding ECMO. Significant coronary artery disease was 
defined as a lumen diameter stenosis ≥70% in the major 
coronary arteries (diameter ≥2.5 mm) as determined 
by coronary angiography (CAG). The LMCAD was 
counted as a two-vessel disease. CAG was interpreted by 
an interventional cardiologist (WJ Park) blinded to the 
patients’ clinical data. 

Initiation and management of ECMO

Most of the patients were managed with the Permanent 
Life Support System (MAQUET, Rastatt, Germany), while 
two patients were treated with the Capiox Emergency 
Bypass System (Terumo, Tokyo, Japan). Depending on the 
patient, 17–21 Fr arterial cannula and 17–23 Fr venous 
cannula (HLS cannula, MAQUET, Rastatt, Germany or 
Bio-Medicus, Medtronic, Minneapolis, MN, USA) were 
used. Just before ECMO cannulation, all patients received 
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3,000–5,000 IU of intravenous unfractionated heparin. VA-
ECMO was cannulated percutaneously using the Seldinger 
technique under fluoroscopic guidance in a cardiac 
catheterization laboratory or hybrid operating room in the 
emergency department. The initial gas and blood flow rates 
were 4–6 and 3–5 L/min, respectively, to maintain oxygen 
saturation (SpO2) >90%. During ECMO support, heparin 
or nafamostat mesilate (SK Chemicals Life Science Biz., 
Seoul, Korea) was used for anticoagulation, with a target 
activated partial thromboplastin time of 60–80 seconds. 
After the initiation of ECMO, we tried to maintain a 
cardiac index of ≥2.0 L/min/m2 by adjusting ECMO flow, a 
mean arterial blood pressure of 70–75 mmHg, and a mixed 
venous oxygen saturation level of around 70%. All patients 
were sedated with morphine, midazolam, remifentanil, 
dexmedetomidine, or fentanyl, and the body temperature 
was maintained between 36–37 ℃ with a membrane 
oxygenator heat exchanger. Blood transfusions comprising 
packed red blood cells with hemoglobin concentration 
of <8–10 g/dL, fresh frozen plasma with an international 
normalized ratio of >2.0, platelet concentrate with a platelet 
count of <50,000/µL and cryoprecipitate with a fibrinogen 
concentration of <150 mg/dL were administered.

Weaning from ECMO 

The criteria for weaning included stable vital signs, no 
definite bleeding foci, mixed venous oxygen saturation of 
≥70%, absence of tamponade or left heart distension, left 
ventricular ejection fraction ≥35%, and normalized lactic 
acid level in blood. The ECMO flow rate was reduced 
stepwise under continuous monitoring of hemodynamic 
and respiratory variables. In this study, successful ECMO 
weaning was defined as weaning followed by stable survival 
for more than 48 hours. Survival after ECMO was defined 
as successful weaning and treatment of the underlying 
medical condition, followed by 100-day survival without 
any further adverse events.

Statistical analysis

The continuous variables were summarized as mean ± 
SD. The categorical variables were presented as numbers 
or percentages. The continuous and categorical variables 
were analyzed by the independent samples t-test or the 
Mann-Whitney U-test, and the Pearson chi-square test 
or the Fisher’s exact test, as appropriate. The univariate 
and multivariate stepwise logistic regression analysis 

models were used to identify independent non-survivor-
related factors. After univariate logistic regression 
analysis, variables with a level of statistical significance 
of P<0.050 were entered as potential candidate variables 
in the multivariate logistic regression models to assess 
the independent predictors for mortality in this study. To 
evaluate and compare the predictive power of the non-
survivor factors, a receiver operating characteristic (ROC) 
analysis was performed, and the area under the curve (AUC) 
was calculated for SAPSII, SOFA, and SAVE. Compared 
with SAPSII and SOFA, the greater negative number values 
of SAVE predicts a higher mortality rate. The maximum 
negative value of the SAVE score is −35 points. Therefore, 
to compare the SAPSII, SOFA, and SAVE scores using 
ROC analysis, the value of 35 minus the original SAVE 
score was used to calculate the positive value. In this study, 
NCAD was evaluated as a combined parameter of clinical 
prediction scores of mortalities. To compare the combined 
parameters SAPSII plus NCAD, SOFA plus NCAD, and 
SAVE plus NCAD, one, two, and three points were added 
for one-vessel disease, two-vessel disease, and three-vessel 
disease, respectively. The value of the SAPSII score is nearly 
10 times that of the SOFA score as well as of the positive 
value of the SAVE score; the NCAD point multiplied by 
10 was added to SAPSII score. Data were analyzed using 
standard statistical software (SPSS version 19.0; SPSS Inc., 
Chicago, IL, USA and MedCalc version 13.0; MedCalc 
Software, Mariakerke, Belgium). A probability value of 
P<0.050 was considered statistically significant.

Results

Between January 2015 and July 2019, 71 consecutive AMI-
induced RCS patients who received ECMO and PCI at the 
Hallym University Sacred Heart hospital were evaluated. 
Of the 71 patients, two were excluded (one patient had 
severe aortic stenosis and the other was 87 years old). 
The survivor group consisted of 30 (43.4%) patients who 
survived for more than 100 days. The causes of death of the 
non-survivor group included multi-organ failure (n=13), 
sepsis or systemic inflammatory response syndrome (n=9), 
hypoxic brain damage (n=8), pneumonia (n=4), heart failure 
(n=2), aortic dissection (n=1), myocardial infarction-related 
ventricular septal defect (n=1), and pulmonary hemorrhage 
(n=1).

The baseline clinical characteristics and laboratory 
findings of the survivor group (n=30) and the non-survivor 
group (n=39) are shown in Table 1. The SAPSII and SOFA 
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scores were significantly higher in positive value and the 
SAVE scores significantly lower in negative value in the 
non-survivor group. Table 2 shows the CPR, ECMO, and 
coronary angiographic findings of the study. The CPR time 
was significantly longer in the non-survivor group than 
the survivor group. The coronary angiographic findings 
showed that the major culprit lesion was the left anterior 
descending artery but there was no difference in the culprit 
lesion between the groups. The incidence of LMCAD was 
significantly higher in the non-survivor group than in the 
survivor group and the NCAD was significantly different 
between the groups. Table 3 shows the univariate and 
multivariate analysis of the predictors of mortality. The 
univariate analysis showed that SAPSII, SOFA, SAVE, CPR 

time, LMCAD, and NCAD were significantly associated 
with mortality-related factors in the study. However, the 
multivariate analysis revealed that only SAPSII and NCAD 
were independent predictors of mortality in the study (OR 
1.078, 95% CI: 1.006–1.155, P=0.034 and OR 3.788, 95% 
CI: 1.406–10.201, P=0.008, respectively). The ROC analysis 
showed that SAPSII, SOFA, and SAVE all significantly 
predicts mortality and there was no difference among the 
three scores (Table 4). Table 5 shows that the ROC values of 
SAPSII plus NCAD, SOFA plus NCAD, and SAVE plus 
NCAD all significantly predicts mortality and there was 
no difference among the three scores. However, there was 
significant difference in the AUC values (dAUC) between 
SAPSII plus NCAD vs. SAPSII, SOFA plus NCAD vs. 

Table 1 Clinical characteristics and laboratory findings 

Characteristics All (n=69) Survivor (n=30) Non-survivor (n=39) P value

Age, years 60.6±10.2 56.2±10.4 64.0±8.8 0.001

Male, n (%) 57 (82.6) 24 (80.0) 33 (84.6) 0.616

Smoking, n (%) 33 (47.8) 14 (46.7) 19 (48.7) 0.785

Hypertension, n (%) 35 (50.7) 14 (46.7) 21 (53.8) 0.554

Dyslipidemia, n (%) 17(24.6) 8 (26.7) 9 (23.1) 0.778

Diabetes, n (%) 29 (42.0) 13 (43.3) 16 (41.0) 0.847

Body mass index (kg/m2) 24.8±3.3 24.7±2.8 24.9±3.6 0.857

Previous PCI, n (%) 5 (7.2) 3 (10.0) 2 (5.1) 0.648

Laboratory data

Hemoglobin (mg/dL) 13.7±2.0 14.1±1.9 13.4±2.0 0.169

Blood urea nitrogen (mg/dL) 23.1±11.1 22.9±10.9 23.3±11.3 0.758

Creatinine (mg/dL) 1.55±0.85 1.43±0.70 1.65±0.95 0.160

Myoglobin (IU/L) 600.1±1,165.1 517.5±1,202.5 663.7±1,147.1 0.169

CK-MB(ng/mL) 30.8±68.9 28.2±75.0 32.9±64.7 0.615

Troponin I (pg/mL) 4,689.4±10,920.2 4,109.9±9,965.6 5,135.1±11,710.5 0.553

BNP (pg/mL) 508.1±844.1 317.8±523.6 658.4±1,011.3 0.141

pH 7.29±0.18 7.34±0.16 7.25±0.19 0.064

Lactic acid (mmol/L) 8.34±5.00 8.13±5.26 8.51±4.84 0.760

SAPSII 75.3±17.3 65.4±17.2 83.1±13.0 <0.001

SOFA 11.5±2.7 10.4±2.7 12.3±2.5 0.004

SAVE −6.6±4.2 −4.4±4.3 −8.4±3.1 <0.001

BNP, brain natriuretic peptide; CK-MB, creatine kinase-myocardial band; PCI, percutaneous coronary intervention; SAPSII, simplified 
acute physiology Score II; SAVE, survival after veno-arterial extracorporeal membrane oxygenation score; SOFA, sepsis-related organ 
failure assessment
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SOFA, and SAVE plus NCAD vs. SAVE in predicting 
mortality in the study (Table 6).

Discussion

This study demonstrates that the SAPSII, SOFA, and 
SAVE scores can predict the prognosis in patients treated 

with ECMO due to AMI-related RCS and the coronary 
angiographic findings can enhance the predictive power of 
the score-based prognosis. The current study demonstrates 
for the first time that the clinical scoring system and 
angiographic severity of the coronary artery disease are 
essential for predict the prognosis in patients with ECMO-
treated AMI-related RCS.

Table 2 Cardiopulmonary resuscitation, extracorporeal membrane oxygenation, and coronary angiographic findings

Characteristics All (n=69) Survivor (n=30) Non-survivor (n=39) P value

Cardiac arrest (%) 50 (72.5) 21 (70.0) 29 (74.4) 0.688

VT/VF (%) 30 (43.5) 13 (43.3) 17 (43.6) 0.983

Asystole or PEA (%) 20 (29.0) 8 (26.7) 12 (30.1) 0.710

OHCA (%) 25 (36.2) 11 (36.7) 14 (35.9) 0.949

ECPR (%) 36 (52.2) 12 (40.0) 24 (61.5) 0.076

CPR time (minute) 24.7±25.6 15.8±16.6 30.0±29.5 0.048

Collapse to ECMO (minute) 94.3±99.6 111.3±130.0 81.2±66.7 0.509

Collapse to balloon (minute) 146.2±345.8 130.9±111.9 158.0±451.8 0.749

ECMO before PCI (%) 41 (59.4) 19 (63.3) 22 (56.4) 0.562

IABP (%) 1 (1.4) 1 (3.3) 0 (0.0) 0.435

CRRT (%) 54 (78.3) 22 (73.3) 32 (82.1) 0.384

ECMO weaning (%) 43 (62.3) 30 (100.0) 13 (33.3) < 0.001

ECMO duration (hour) 248.7±208.10 235.3±97.6 259.0±264.5 0.263

ICU stay (days) 26.8±20.8 21.3±12.2 17.7±17.1 0.089

Hospital stay (days) 19.3±15.2 38.3±19.2 17.8±17.1 <0.001

Coronary angiography, n (%)

Major culprit lesion 

Left main 15 (21.7) 4 (13.3) 11 (28.2) 0.521

Left anterior descending 32 (46.4) 15 (50.0) 17 (43.6)

Left circumflex 8 (11.6) 4 (13.3) 4 (10.3)

Right 14 (20.3) 7 (23.3) 7 (17.9)

Left main CAD 19 (27.5) 4 (13.3) 15 (38.5) 0.029

Chronic total occlusion 9 (13.0) 2 (6.6) 7 (17.9) 0.281

Number of CAD

One vessel 17 (24.6) 14 (46.7) 3 (7.7) <0.001

Two vessels 27 (39.1) 11 (36.7) 16 (41.0)

Three vessels 25 (36.2) 5 (16.7) 20 (51.3)

CAD, coronary artery disease; CPR, cardiopulmonary resuscitation; ECMO, extracorporeal membrane oxygenation; ECPR, extracorporeal 
cardiopulmonary resuscitation; IABP, intra-aortic balloon pump; OHCA, out of hospital cardiac arrest; PCI, percutaneous coronary 
intervention; PEA, pulseless electrical activity; VT/VF, ventricular tachycardia/ventricular fibrillation.
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ECMO is a modified form of cardiopulmonary bypass 
and has undergone a dramatic evolution since early 
1970s (12). Technical improvements have contributed to 
the current worldwide use of ECMO, which has been a 
valid treatment device for RCS unresponsive to medical 
therapy (1). In AMI patients with RCS, IABP has been 
used. However, the IABP-SHOCK II trial reported that 
IABP did not reduce the 30-day mortality in patients with 
RCS-complicating AMI (13). Therefore, the main option 
available for AMI-related RCS would be a mechanical 
circulatory support device such as ECMO. Although there 
is broad use of ECMO in experienced treatment centers, 
studies reporting short-term and long-term prognostic 
factors of ECMO-treated RCS are limited (4,14). A few 
studies have focused on the clinical results of ECMO in 
patients with AMI-related RCS, which is the main cause of 
early mortality in patients with AMI (9,10). 

Since the introduction of early revascularization in AMI, 

mortality due to AMI-induced RCS has markedly decreased 
over the last three decades, but recent trials have reported 
that the mortality still remains high, at 45–60% (2,15). In 
patients with AMI-complicated cardiac arrest or RCS, CPR 
is a poor independent predictor of in-hospital mortality (16). 
Most studies of conventional CPR showed that the duration 
of CPR is independently associated with poor functional 
outcomes and survival rates (17,18). Therefore, ECMO 
should be promptly considered in patients with AMI 
complicated with cardiac arrest or RCS in order to reduce 
the CPR duration and avoid CPR-related complications 
that may impair the survival rate (9). In this study, the total 
CPR time was significantly shorter in the survivor group 
than in the non-survivor group, and the univariate analysis 
showed that the CPR time significantly predicted mortality 
in the study. Therefore, in patients with RCS induced by 
AMI, the most helpful treatment appears to be the prompt 
application of ECMO to avoid prolonged CPR, reducing 

Table 3 Univariate and multivariate logistic regression analyses of predictors of mortality

Variable
Univariate analysis Multivariate analysis

Odds ratio 95% CI P value Odds ratio 95% CI P value

SAPSII 1.079 1.037–1.123 <0.001 1.078 1.006–1.155 0.034

SOFA 1.339 1.085–1.651 0.006 0.922 0.653–1.300 0.643

SAVE 0.733 0.615–0.874 0.001 0.813 0.643–1.028 0.083

CPR time 1.029 1.003–1.055 0.027 0.999 0.969–1.030 0.955

Left main CAD 4.062 1.182–13.963 0.026 4.461 0.790–25.187 0.090

Number of CAD 4.156 1.918–9.007 <0.001 3.788 1.406–10.201 0.008

CAD, coronary artery disease; CPR, cardiopulmonary resuscitation; SAPSII, simplified acute physiology Score II; SAVE, survival after 
veno-arterial extracorporeal membrane oxygenation score; SOFA, sepsis-related organ failure assessment.

Table 4 Receiver operating characteristic value of SAPS II, SOFA, and SAVE for the prediction of mortality and the difference between the ACU 
values of each variable

Variable AUC SE 95% CI z statistic P value

SAPSII 0.786 0.056 0.676 to 0.895 5.066 <0.001

SOFA 0.715 0.067 0.584 to 0.846 3.196 0.002

SAVE 0.766 0.059 0.651 to 0.881 4.705 <0.001

SAPSII vs. SOFA 0.071* 0.064 −0.055 to 0.196 1.001 0.271

SAPSII vs. SAVE 0.020* 0.060 −0.098 to 0.137 0.329 0.742

SOFA vs. SAVE 0.051* 0.066 −0.079 to 0.181 0.766 0.443

*, dAUC. AUC, area under curve; CI, confidence interval; dACU, difference between AUC areas; SAPSII, simplified acute physiology Score 
II; SAVE, survival after veno-arterial extracorporeal membrane oxygenation score; SOFA, sepsis-related organ failure assessment; SE, 
standard error.
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the amounts of inotropic agents, and opening the occluded 
coronary artery in stable condition. When a patient 
with AMI-complicated RCS arrives at the emergency 
department, the timely use of ECMO should always be 
considered. 

In patients with AMI-related RCS, it is essential to 
determine the appropriate candidate for ECMO, but 
this may vary based on the physicians and the treatment 
centers. Therefore, identification and evaluation of pre-
ECMO predictors is indispensable in predicting survival 
of the patients. There is no universally accepted ECMO-
specific risk scoring system to predict early and late 
prognosis. The standard risk scores such as SAPSII and 
SOFA have been used to help assess mortality of patients 
in intensive care units (19,20). Studies have reported that 
the SAPSII and SOFA scores might be useful for predicting 
survival and successful weaning in patients undergoing 
ECMO in emergency departments or intensive care units 

(21,22). Schmidt et al. reported that the SAVE score is a 
potential tool to predict in-hospital survival for patients 
receiving ECMO due to RCS (14). In this study, there were 
significant differences in the SAPSII, SOFA, and SAVE 
scores between the survivor and non-survivor groups. The 
ROC analysis showed that the SAPSII, SOFA, and SAVE 
scores significantly predicted mortality and that there was 
no difference in the AUC values among the scores. This 
means that the SAPSII, SOFA and SAVE scoring system 
could predict mortality in ECMO-treated AMI patients 
with RCS.

Although mortality due to AMI-related RCS has 
markedly decreased due to early revascularization, it 
remains unacceptably high (2,23). Regarding the anatomical 
aspects of coronary artery lesions, studies have reported that 
LMCAD and NCAD were independently associated with 
in-hospital death in patients with AMI-related RCS (24,25). 
AMI due to LMCAD is catastrophic. Although not all 

Table 5 Receiver operating characteristic value of SAPSII plus NCAD, SOFA plus NCAD, and SAVE plus NCAD for the prediction of mortality 
and the difference between the AUC values of each variable

Variable AUC SE 95% CI z statistic P value

SAPSII + NCAD 0.858 0.044 0.752 to 0.931 8.111 <0.001

SOFA + NCAD 0.773 0.061 0.655 to 0.866 4.470 <0.001

SAVE + NCAD 0.802 0.053 0.694 to 0.892 5.793 <0.001

SAPSII + NCAD vs. SOFA + NCAD 0.085* 0.054 −0.021 to 0.192 1.577 0.115

SAPSII + NCAD vs. SAVE + NCAD 0.056* 0.050 −0.041 to 0.154 1.128 0.259

SOFA + NCAD vs. SAVE + NCAD 0.029* 0.061 −0.090 to 0.149 0.483 0.629

*, dAUC. AUC, area under curve; CI, confidence interval; dAUC, difference between AUC areas; SAPSII, simplified acute physiology Score 
II; SAPSII + NCAD, simplified acute physiology Score II plus number of significant coronary artery disease ×10; SAVE, survival after veno-
arterial extracorporeal membrane oxygenation score; SAVE + NCAD, survival after veno-arterial extracorporeal membrane oxygenation 
score plus number of significant coronary artery disease; SOFA, sepsis-related organ failure assessment; SOFA + NCAD, sepsis-related 
organ failure assessment plus number of significant coronary artery disease.

Table 6 Difference between receiver operating characteristic values of SAPSII and SAPSII plus NCAD, SOFA and SOFA plus NCAD, and SAVE 
and SAVE plus NCAD for the prediction of mortality

Variable dAUC SE 95% CI z statistic P value

SAPS II + NCAD vs. SAPS II 0.073 0.032 0.010–0.136 2.256 0.024

SOFA + NCAD vs. SOFA 0.058 0.050 0.017–0.099 2.773 0.006

SAVE + NCAD vs. SAVE 0.036 0.015 0.006–0.065 2.332 0.020

AUC, area under curve; CI, confidence interval; dAUC, difference between AUC areas; SAPSII, simplified acute physiology Score II; SAPSII 
+ NCAD, simplified acute physiology Score II plus number of significant coronary artery disease ×10; SAVE, survival after veno-arterial 
extracorporeal membrane oxygenation score; SAVE + NCAD, survival after veno-arterial extracorporeal membrane oxygenation score plus 
number of significant coronary artery disease; SOFA, sepsis-related organ failure assessment; SOFA + NCAD, sepsis-related organ failure 
assessment plus number of significant coronary artery disease.
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patients with left main AMI are able to undergo emergency 
CAG for confirmation, 1–2% of the AMI patients have 
LMCAD as a culprit lesion (26). In these patients, the 
incidence of cardiogenic shock is as high as 50–80%, and 
even after receiving successful reperfusion therapy, their 
acute-phase mortality may be as high as 40–60% (7,8). In 
our study, 4 patients among the non-survivors had LMCAD 
as a combined non-culprit lesion. A total of 19 (27.5%) 
patients had LMCAD and the incidence of LMCAD was 
significantly higher in the non-survivor group than in the 
survivor group.

The main goal of PCI in the setting of AMI is to re-
perfuse the myocardium by opening the occluded culprit 
coronary artery. However, in addition to infarct-related 
culprit lesion, 50–80% of the AMI patients have MVCAD, 
which is highly associated with adverse clinical outcomes 
(5,27). Studies have reported that compared with single 
vessel coronary artery disease, a higher incidence of type 
C complex lesions and a lower incidence of myocardial 
blush grade 3 were observed among the AMI patients with 
MVCAD (6,28). The increased risk in AMI patients with 
MVCAD could be explained by the effects of the remaining 
extensive coronary atherosclerosis, such as the presence of 
stunned and hibernating myocardium, impaired ventricular 
function in the non-infarct area, and a slow flow in critically 
narrowed non-infarct related arteries that could offset 
the effect of circulatory support of ECMO (5,29). In this 
study, 52 (75.4%) patients had MVCAD and the MVCAD 
rates were higher in the non-survivor group than in the 
survivor group [36 (92.3%) vs. 16 (53.3%), P<0.001]. In 
this study, the multivariate analysis showed that NCAD 
is an independent predictor of mortality. From the ROC 
analysis, the combined parameters of NCAD and clinical 
risk scores showed that the SAPSII plus NCAD, SOFA plus 
NCAD, and SAVE plus NCAD scores have significantly 
better predictability for mortality compared with the single-
parameter SAPSII, SOFA, and SAVE scores. Therefore, 
even after the successful PCI of the infarct-related artery, 
the presence of significant concomitant coronary artery 
disease which is remote from the culprit lesion should be 
recognized as an important prognostic parameter in patients 
treated with ECMO due to AMI-related RCS.

Limitations

Several limitations of our study should be considered. First, 
this study was conducted at a single institution and the study 
population was relatively small, though all the patients had 

AMI-related RCS, the specific underlying disease for which 
veno-arterial ECMO is indicated. Second, the processes of 
initiation and management of ECMO may differ based on 
the treatment centers which may influence the outcomes. 
Third, this study was performed with 100-day survival as a 
clinical result. Therefore, additional large-scale multicenter 
studies with long-term outcomes will be needed to confirm 
and generalize our results.

Conclusions

SAPSII, SOFA, and SAVE scores could predict survival in 
patients treated with ECMO due to AMI-related RCS. The 
coronary angiographic findings enhance the prognostic 
predictive power of the scores. Therefore, both the 
clinical scoring system and the angiographic severity of the 
coronary artery disease are essential to predict the prognosis 
in patients with ECMO-treated AMI-related RCS.
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