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Outcomes of Venoarterial Extracorporeal 
Membrane Oxygenation Plus Intra-Aortic 
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BACKGROUND: Clinical outcomes of acute myocardial infarction complicated by cardiogenic shock remain poor with high in-
hospital mortality. Veno-arterial extracorporeal membrane oxygenation (VA-ECMO) has been widely used for patients with 
acute myocardial infarction complicated by cardiogenic shock refractory to conservative therapy, which is likely fatal without 
mechanical circulatory support. However, whether additional intra-aortic balloon pumping (IABP) use during VA-ECMO sup-
port improves clinical outcomes remains controversial. This study sought to investigate prognostic impact of the combined 
VA-ECMO plus IABP treatment compared with VA-ECMO alone.

METHODS AND RESULTS: From the nationwide Japanese administrative case-mix Diagnostic Procedure Combination (DPC), the 
JROAD (Japanese Registry of All Cardiac and Vascular Diseases)–DPC, we identified 3815 patients with acute myocardial 
infarction complicated by cardiogenic shock who underwent primary percutaneous coronary intervention and managed with 
VA-ECMO. Of these, 2964 patients (77.7%) were managed with IABP (VA-ECMO plus IABP), whereas 851 (22.3%) were man-
aged without IABP (VA-ECMO alone). We compared in-hospital, 7-day, and 30-day mortality between the VA-ECMO plus 
IABP versus the VA-ECMO alone support. Patients managed with VA-ECMO plus IABP demonstrated significantly lower in-
hospital, 7-day, and 30-day mortality than those managed with VA-ECMO alone (adjusted odds ratios [95% CI] of 0.47 [95% 
CI, 0.38–0.59], 0.41 [95% CI, 0.33–0.51], and 0.30 [95% CI, 0.25–0.37], respectively). The findings were consistent in the 
propensity matching and inverse probability of treatment-weighting models.

CONCLUSIONS: This large-scale, nationwide study demonstrated that the combination of VA-ECMO plus IABP support was 
associated with significantly lower mortality compared with VA-ECMO support alone in patients presenting with acute myo-
cardial infarction complicated by cardiogenic shock who underwent primary percutaneous coronary intervention.
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Cardiogenic shock (CS) is a life-threatening con-
dition associated with end-organ hypoperfusion 
and hypoxia resulting from reduced cardiac out-

put. CS complicates approximately 5% to 12% of acute 
myocardial infarction (AMI).1 Despite recent advances in 
reperfusion therapy, in particular primary percutaneous 

coronary intervention (PCI), clinical outcomes of AMI 
complicated by CS (AMI-CS) remain poor with high 
in-hospital mortality.2 Conservative management with 
inotropes and vasopressors is associated with serious 
limitations, including arrhythmias, increased myocar-
dial oxygen demand, and limited circulatory support 
to maintain adequate perfusion pressure. To overcome 
the limitations of the conservative treatment, mechan-
ical circulatory support (MCS) has been being devel-
oped to improve hemodynamics and outcome in CS.3

Veno-arterial extracorporeal membrane oxygen-
ation (VA-ECMO) can be placed peripherally and 
quickly and has been widely used for the treatment 
of patients with AMI-CS refractory to conservative 
therapy, which is likely fatal without MCS. Despite the 
lifesaving technology, the most important concern in 
VA-ECMO support is retrograde aortic flow toward 
the left ventricle (LV), which can cause a significant in-
crease in LV afterload, compromising LV function. In 
the setting of AMI with severe LV dysfunction, the LV 
would not be able to tolerate the increased afterload, 
further impairing its performance.4,5 Intra-aortic balloon 
pumping (IABP) may be an option to optimize hemo-
dynamic status during VA-ECMO by reducing afterload 
and improving coronary perfusion.

However, whether additional IABP use during VA-
ECMO support improves clinical outcomes remains 
controversial.6 This study sought to investigate prog-
nostic impact of the combined VA-ECMO plus IABP 
treatment compared with VA-ECMO alone in patients 
with AMI who received primary PCI by analyzing a 
large-scale, Japanese nationwide registry data.

METHODS
The data that support the findings of this study are 
available from the corresponding author upon reason-
able request.

Study Design and Population
The present study was a retrospective observational 
study based on a nationwide Japanese administrative 
case-mix Diagnostic Procedure Combination (DPC), the 
Japanese Registry of All Cardiac and Vascular Diseases 
(JROAD)–DPC.7 In brief, the JROAD-DPC database is 
DPC-based payment health insurance claim data about 
hospitalizations attributed to cardiovascular diseases 
collected from the 1040 Japanese Circulation Society–
certified hospitals between April 2012 and March 2018. 
Using the International Classification of Diseases, Tenth 
Revision (ICD-10) codes of I21.0, I21.1, I21.2, I21.3, I21.4, 
and I21.9 for AMI hospitalization recorded as “the main 
diagnosis,” “the admission precipitating diagnosis,” or 
“the most resource-consuming diagnosis” in the DPC 
claim data, 260 543 patients with AMI aged ≥20 years 

CLINICAL PERSPECTIVE

What Is New?
•	 This large-scale, nationwide study demon-

strated that the combination of veno-arterial 
extracorporeal membrane oxygenation (VA-
ECMO) plus intra-aortic balloon pumping sup-
port was associated with significantly lower 
mortality compared with VA-ECMO support 
alone in patients presenting with acute myo-
cardial infarction complicated by cardiogenic 
shock who underwent primary percutaneous 
coronary intervention.

•	 The lower mortality in the VA-ECMO plus intra-
aortic balloon pumping group was consist-
ent across important subgroups stratified by 
age, sex, and the presence of cardiac arrest at 
admission.

•	 The combined VA-ECMO plus intra-aortic bal-
loon pumping was not associated with signifi-
cant increases in cerebral and bleeding events 
compared with VA-ECMO alone.

What Are the Clinical Implications?
•	 The results of the present study support active 

use of intra-aortic balloon pumping to improve 
clinical outcomes of patients with acute myo-
cardial infarction complicated by cardiogenic 
shock when VA-ECMO is indicated.

Nonstandard Abbreviations and Acronyms

AMI-CS	 acute myocardial infarction 
complicated by cardiogenic shock

CS	 cardiogenic shock
DPC	 Diagnostic Procedure Combination
IABP	 intra-aortic balloon pumping
JROAD	 Japanese Registry of All Cardiac 

and Vascular Diseases
MCS	 mechanical circulatory support
PSM	 propensity score matching; VA-ECMO,    

veno-arterial extracorporeal 
membrane oxygenation

VA-ECMO	 veno-arterial extracorporeal 
membrane oxygenation
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were identified. ICD-10 code for AMI was validated in 
the JROAD-DPC database, as previously described.8 
Of these patients, 28 350 patients were excluded be-
cause of missing Killip classifications. The remaining 
participants were divided into 2 groups based on the 
SCAI (Society for Cardiovascular Angiography and 
Interventions) stages of CS.9 CS, equivalent to the SCAI 
C/D/E group, was defined as Killip classification 3 or 
4 that met at least 1 of the following criteria: (1) MCS 
use or (2) intravenous administration of catecholamines 
on admission; other patients were defined as non-CS, 
equivalent to the SCAI A/B group. Of the patients with 
CS, we identified 3815 patients who underwent primary 
PCI and managed with VA-ECMO who were included 
in the present analyses (Figure 1). Of these, 2964 pa-
tients (77.7%) were managed with IABP (VA-ECMO plus 
IABP), whereas 851 (22.3%) were managed without 
IABP (VA-ECMO alone; Figure 1).

Ethical Considerations
This study was conducted in accordance with the 
Declaration of Helsinki and its amendments. The ethics 

committees at Miyazaki Prefectural Nobeoka Hospital 
(No. 20200721-1), Kawasaki Medical School (No. 
3928), and Kumamoto University Hospital (No. 2095) 
approved the study protocol. The study was exempted 
from the requirement for individual informed consent 
because of the opt-out policy.

Outcomes
The primary outcome was in-hospital all-cause mortal-
ity. The secondary outcomes include 7-day and 30-day 
mortality and the incidence of stroke, major bleeding, 
intracranial bleeding, and gastrointestinal bleeding dur-
ing the index hospitalization. We also extracted data on 
the incidence of mechanical respirator use, hemodialy-
sis, and ventricular assist device implantation.

Statistical Analysis
Data were presented as the median and interquar-
tile range (IQR) for continuous variables and number 
(percentage) for categorical variables. The incidence 
of each clinical event was described as per 1000 
patient-days, and the risk ratio of the event between 

Figure 1.  Patient selection.
AMI indicates acute myocardial infarction; CABG, coronary artery bypass grafting; CS, cardiogenic shock 
DPC, Diagnosis Procedure Combination; IABP, intra-aortic balloon pumping; JROAD, Japanese Registry 
of All Cardiac and Vascular Diseases; PCI, percutaneous coronary intervention; and VA-ECMO, veno-
arterial extracorporeal membrane oxygenation.
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the 2 treatment arms was calculated. To estimate the 
effect of the 2 treatments on all-cause mortality, odds 
ratios (ORs) and 95% CIs were calculated with ran-
dom effects to account for institution-related variation 
with multivariable adjustments to reduce the effect of 
known possible confounders. In addition, propensity 
score matching (PSM) was performed between the 
VA-ECMO plus IABP group and the VA-ECMO alone 
group based on the estimated propensity scores 
using nearest-neighbor matching (1:1) within a cali-
per width of 0.2 standard deviation without replace-
ment. Furthermore, to confirm the robustness of the 
results, inverse probability of treatment weighting with 
the same predicted probability used in the PSM was 
performed as sensitivity analysis for the same out-
come. The actuarial survivals were calculated using 
the Kaplan–Meier method, with the log-rank test used 
for the comparison between the 2 groups. A 2-sided P 
value of <0.05 was considered to denote the presence 
of a statistically significant difference. For more details, 
please see Data S1.

RESULTS
Patient Background
The baseline characteristics of the 2 groups before 
PSM are shown in Table  1. Before PSM, patients in 
the VA-ECMO alone group (n=851) were older, more 
often women, and more likely to have peripheral vas-
cular disease. In contrast, patients in the VA-ECMO 
plus IABP group (n=2964) were more likely to undergo 
emergency admission; use an ambulance; and have 
hypertension, dyslipidemia, diabetes, and atrial fibrilla-
tion. IABP was more prone to be used in hospitals with 
higher teaching status, larger numbers of hospital beds 
and board-certified cardiologists, a coronary care unit, 
cardiac surgery, and board-certified rehabilitation. The 
percentage of patients who showed cardiac arrest at 
admission was similar between the 2 groups. After 
PSM, baseline characteristics were well balanced be-
tween the 2 groups (n=846; Table S1). Temporal trends 
in the usage rate of VA-ECMO and VA-ECMO plus 
IABP and in-hospital mortality are shown in Figure 2. 
There was a slight increase in VA-ECMO use among 
patients with AMI-CS; however, the usage rate of IABP 
among patients on VA-ECMO support and in-hospital 
mortality were seemingly unchanged during the study 
period.

Clinical Outcomes
The in-hospital, 7-day, and 30-day mortality of the VA-
ECMO plus IABP group were significantly lower than 
the VA-ECMO alone group (ORs, 0.42 [95% CI, 0.34–
0.52], 0.28 [95% CI, 0.23–0.33], and 0.37 [95% CI, 

0.30–0.46], respectively; Table 2 and Table S2). These 
results were consistent in the multivariable analyses 
and in the PSM and inverse probability of treatment 
weighting cohorts after adjustment for patient and in-
stitutional characteristics (ORs for in-hospital mortal-
ity: 0.47 [95% CI, 0.38–0.59] [multivariable model 1], 
0.48 [95% CI, 0.37–0.63] [PSM], and 0.42 [95% CI, 
0.34–0.52] [inverse probability of treatment weighting]; 
Table 2 and Table S2). The Kaplan–Meier curves for 
overall survival showed a significant separation be-
tween the 2 treatment strategies both before and after 
PSM (Figure  3). The subgroup analyses stratified by 
the presence of cardiac arrest, sex, and age showed 
that combined VA-ECMO plus IABP was consist-
ently associated with lower mortality compared with 
VA-ECMO alone in all subgroups, and these analyses 
especially showed that there was a significant interac-
tion for the treatment effect of additional IABP between 
the age subgroups favoring age >75  years (P for in-
teraction=0.025; Table S3). Patients in the VA-ECMO 
plus IABP group spent a median of 8.5  days (IQR, 
3–29 days) in the hospital, whereas patients in the VA-
ECMO alone group spent 2 days (IQR, 1–6 days) in the 
hospital during the index admission.

The percentage of patients who had full scores 
Barthel index at discharge was significantly higher in 
the VA-ECMO plus IABP group than in the VA-ECMO 
alone group (14.9 versus 8.1%, respectively). There 
were no significant differences in the incidence of 
stroke (risk ratio after PSM, 0.82 [95% CI, 0.57–1.19]); 
major bleeding, 0.92 [95% CI, 0.72–1.19]); intracranial 
bleeding, 1.28 [95% CI, 0.41–4.02]); and gastrointes-
tinal bleeding, 0.74 [95% CI, 0.43–1.30]) during the 
index hospitalization between the VA-ECMO plus IABP 
and the VA-ECMO alone groups (Table S4). A risk of 
mechanical ventilator use was lower in patients in the 
VA-ECMO plus IABP group, whereas there were no 
significant differences in hemodialysis use and ventric-
ular assist device implantation between the 2 groups 
(Table S5).

We explored the effect of the timing of VA-ECMO 
and IABP introduction on outcomes in the VA-ECMO 
plus IABP group. The in-hospital mortality was higher 
in patients who started on IABP with subsequent VA-
ECMO than in those who had IABP and VA-ECMO on 
the same day or those who started on VA-ECMO with 
subsequent IABP (81.7% versus 72.2%; P=0.030).

DISCUSSION
In this large cohort of patients with AMI undergoing 
primary PCI complicated by CS requiring VA-ECMO 
support, we demonstrated that IABP use combined 
with VA-ECMO was associated with a significantly 
lower mortality compared with VA-ECMO support 
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Table 1.  Patient and Institutional Characteristics

VA-ECMO plus IABP  
(n=2964)

VA-ECMO alone  
(n=851) P value

Age, y 66 (68–74) 70 (61–78) <0.001

Age categories, y <0.001

≥20 to <50 336 (11.3) 71 (8.3)

≥50 to <60 532 (18.0) 126 (14.8)

≥60 to <70 930 (31.4) 228 (26.8)

≥70 to <80 790 (26.7) 256 (30.1)

≥80 to <90 361 (12.2) 155 (18.2)

≥90 15 (0.5) 15 (1.8)

Male sex 2514 (84.8) 664 (78.0) <0.001

Body mass index 24.0 (21.7–26.4) 23.7 (21.6–25.8) 0.062

Emergency admission* 2945 (99.6) 834 (98.0) <0.001

Ambulance use† 2632 (89.0) 729 (85.7) 0.008

Smoker‡ 1165 (39.3) 288 (33.8) 0.008

Full score Barthel index at admission 220 (7.4) 75 (8.8) 0.18

Killip classification 0.83

Killip 3 175 (5.8) 48 (5.6)

Killip 4 2791 (94.9) 803 (94.4)

Prior ischemic heart disease 40 (1.4) 8 (0.9) 0.34

Hypertension 652 (22.0) 154 (18.1) 0.014

Dyslipidemia 462 (15.6) 92 (10.8) 0.001

Diabetes 623 (21.0) 134 (15.8) 0.001

Atrial fibrillation 105 (3.5) 12 (1.4) 0.002

Chronic pulmonary disease 29 (1.0) 6 (0.7) 0.46

Peripheral vascular disease 91 (3.1) 43 (5.1) 0.006

Cerebrovascular disease 105 (3.5) 27 (3.2) 0.60

Renal disease 198 (6.7) 57 (6.7) 0.99

Malignancy 39 (1.3) 9 (1.1) 0.55

Cardiac arrest at admission 518 (17.5) 140 (16.5) 0.49

Hospital teaching status§ 0.001

A 2837 (96.9) 804 (94.5)

B 90 (3.0) 44 (5.2)

C 1 (0.03) 3 (0.4)

Hospital with the number of hospital beds ≥500 1777 (60.0) 422 (49.6) <0.001

Number of board-certified cardiologists per 
hospital

<0.001

0 to 2 220 (7.4) 99 (11.6)

3 to 5 990 (33.4) 329 (39.8)

6 to 9 944 (31.9) 238 (28.0)

≥10 803 (27.1) 174 (20.5)

Unknown 7 (0.2) 1 (0.1)

Hospital with CCU 2889 (97.5) 816 (95.9) 0.015

Hospital with cardiac surgery 2642 (89.1) 723 (85.0) 0.001

Hospitals with board-certified cardiac 
rehabilitation

2511 (84.7) 656 (77.1) <0.001

Aging rate 0.027

First quartile 851 (28.7) 269 (31.6)

Second quartile 768 (25.9) 236 (27.7)

 (Continued)
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alone. The results were consistent after adjustments 
for confounding factors using multivariable analysis, 
PSM, and inverse probability of treatment weighting 
methods.

The role of primary PCI is established as the first-line 
acute-phase treatment of AMI, improving clinical out-
comes based on the sound evidence. Therefore, we fo-
cused on patients treated with primary PCI in the present 

study, excluding those treated without it to reduce sub-
stantial potential confounding.10,11 However, there are 
still many uncertainties and controversies regarding the 
indication of MCS as a part of AMI treatment. In 2012, 
the IABP-SHOCK Ⅱ trial showed no benefit of IABP 
in AMI-CS12; thereafter, a routine use of IABP was not 
recommended in patients with AMI-CS.10 However, the 
study included a higher percentage of patients with mild 

VA-ECMO plus IABP  
(n=2964)

VA-ECMO alone  
(n=851) P value

Third quartile 673 (22.7) 154 (18.1)

Fourth quartile 672 (22.7) 192 (22.6)

Board-certified hospital density 0.025

First quartile 698 (23.6) 172 (20.2)

Second quartile 627 (21.2) 159 (18.7)

Third quartile 965 (32.6) 300 (35.3)

Fourth quartile 674 (22.7) 220 (25.9)

Values are expressed as median (interquartile range) or number (percentage). CCU indicates coronary care unit; ECMO, extracorporeal membrane 
oxygenation; IABP, intra-aortic balloon pumping; VA, veno-arterial.

*Data were not available in 7 and 0 patients for emergency admission in the VA-ECMO plus IABP group and VA-ECMO alone group, respectively.
†Data were not available in 7 and 0 patients for ambulance use in the VA-ECMO plus IABP group and VA-ECMO alone group, respectively.
‡Data were not available in 776 and 258 patients for smoker in the VA-ECMO plus IABP group and VA-ECMO alone group, respectively.
§The hospital teaching statuses were categorized as follows: class A, >2 board-certified cardiologists and 30 cardiovascular beds; class B, >1 board-certified 

cardiologists and 15 cardiovascular beds; and class C, none of the above.

Table 1.  Continued

Figure 2.  Temporal trends in the usage rates of VA-ECMO and VA-ECMO plus IABP and    
in-hospital mortality in patients with AMI-CS.
AMI-CS indicates acute myocardial infarction complicated by cardiogenic shock; IABP, intra-aortic 
balloon pumping; and VA-ECMO, venoarterial extracorporeal membrane oxygenation.
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or moderately severe CS complicating AMI, and limited 
data exist on the effectiveness of simultaneous IABP sup-
port for patients with severe AMI-CS requiring VA-ECMO.

There have been a few retrospective, observational 
studies that focused on investigating the effectiveness 
of additional IABP use in combination with VA-ECMO 
on clinical outcomes in patients with AMI-CS. A single-
center, retrospective, observational study in Korea an-
alyzed 96 consecutive patients with AMI-CS who were 
assisted by VA-ECMO. In that study, the combined 
use of VA-ECMO and IABP did not improve in-hospital 
mortality (VA-ECMO with IABP versus VA-ECMO alone; 

51.2% versus 54.5%; P=0.747).13 In contrast, another 
retrospective, observational, single-center study in 
France enrolled consecutive 106 patients with AMI-CS 
with a need for VA-ECMO and showed that the use of 
IABP in addition to VA-ECMO was an independent pro-
tective factor for mortality (adjusted hazard ratio [HR], 
0.48 [95% CI, 0.28–0.80]; P=0 06).14 Although these 
and other single studies showed conflicting results,15,16 
the findings from recent meta-analyses are in favor of 
active use of IABP in addition to VA-ECMO for AMI-CS 
treatment. In a meta-analysis by Romeo et al, they 
compared the effect of VA-ECMO plus IABP versus 
IABP in 301 patients with AMI-CS from 6 observational 
studies and found a significantly lower in-hospital mor-
tality (risk reduction=−22%; P=0.008) in the group of 
patients treated with VA-ECMO plus IABP compared 
with VA-ECMO alone.17 However, the authors reported 
that trial sequential analysis could not be performed 
because of the small number of patients included, 
suggesting inadequate sample size to conclude it.17 A 
recent meta-analysis by Vallabhajosyula et al included 
2023 patients with AMI-CS from 7 observational 
studies, applying a more broad definition of AMI than 
Romeo et al, and found that concomitant IABP with 
VA-ECMO was associated with lower mortality than 
VA-ECMO alone (50.8% versus 62.4%; risk ratio, 0.56 
[95% CI, 0.46–0.67]; P<0.001), although there was no 
significant survival benefit in the other cohorts such as 
the postcardiotomy CS cohort or in the total cohort.18 
The present study derived from the Japanese nation-
wide registry incorporated a much larger population of 
3815 patients with AMI-CS requiring VA-ECMO, show-
ing a remarkable lower mortality in patients treated with 
VA-ECMO plus IABP compared with VA-ECMO alone 
without additional increases in the adverse events, 

Table 2.  Odds Ratios of In-Hospital, 7-Day, and 30-Day 
Mortality in Patients With AMI-CS Managed With VA-ECMO 
Plus IABP Compared With VA-ECMO Alone

In-hospital 
mortality 7-day mortality

30-day 
mortality

Univariable 0.42 (0.34–0.52) 0.28 (0.23–0.33) 0.37 (0.30–0.46)

Multivariable

Model 1 0.47 (0.38–0.59) 0.30 (0.25–0.37) 0.41 (0.33–0.51)

Model 2 0.47 (0.38–0.59) 0.30 (0.25–0.37) 0.41 (0.33–0.51)

Model 3 0.47 (0.37–0.59) 0.30 (0.25–0.36) 0.40 (0.33–0.50)

PSM 0.48 (0.37–0.63) 0.28 (0.22–0.36) 0.43 (0.33–0.56)

IPTW 0.42 (0.34–0.52) 0.28 (0.23–0.33) 0.37 (0.30–0.46)

Values are expressed as odds ratio (95% CI). The following variables were 
used for the multivariable adjustment: Model 1 included age category, sex, 
full score Barthel index at admission, Killip classification, comorbidities, 
cardiac arrest at admission, and hospital characteristics; model 2 included 
age category, sex, full score Barthel index at admission, Killip classification, 
cardiac arrest at admission, and hospital characteristics; and model 3 
included age category, sex, full score Barthel index at admission, Killip 
classification, comorbidities, and cardiac arrest on admission. AMI-CS 
indicates acute myocardial infarction complicated by cardiogenic shock; 
ECMO, extracorporeal membrane oxygenation; IABP, intra-aortic balloon 
pumping; IPTW, inverse probability of treatment weighting; PSM, propensity 
score matching; and VA, veno-arterial.

Figure 3.  Kaplan–Meier curves for overall survival stratified by treatment strategy.
Kaplan–Meier curves are shown for overall survival up to 30 days after the hospital admission in patients treated with venoarterial 
ECMO plus IABP vs venoarterial ECMO alone (A) before and (B) after propensity score matching. The color areas around the solid lines 
indicate 95% CIs. IABP indicates intra-aortic balloon pumping; and VA-ECMO, venoarterial extracorporeal membrane oxygenation.
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including stroke, major bleeding, intracranial bleeding, 
and gastrointestinal bleeding during the index hospital-
ization. In addition, there was a higher percentage of 
patients treated with VA-ECMO plus IABP discharged 
with full activities of daily living status as assessed by 
the Barthel index. These results support the benefit of 
the simultaneous IABP use during VA-ECMO in pa-
tients with AMI-CS when indicated.

A previous study from a Japanese inpatient da-
tabase by Aso et al,19 which included 1650 patients 
with CS from July 2010 to March 2013, also investi-
gated the effect of IABP combined with VA-ECMO on 
mortality of CS. The results were consistent with our 
study in that the concomitant IABP plus VA-ECMO 
was associated with improved mortality (HR, 0.74 
[95% CI, 0.63–0.86]), although they included patients 
with CS attributed not only to AMI but also to various 
cardiac disorders in which ischemic heart disease 
accounted for 43%. Another difference between their 
study and ours is that they excluded patients with car-
diac arrest at admission, whereas 17% of the patients 
included in the present study had cardiac arrest. In 
the subgroup analysis stratified by the presence of 
cardiac arrest at admission, additional IABP support 
was associated with a lower mortality in patients with 
AMI-CS both with and without cardiac arrest with-
out a statistically significant interaction. The other 
subgroup analyses stratified by sex and age showed 
that combined VA-ECMO plus IABP was consistently 
associated with lower mortality compared with VA-
ECMO alone regardless of sex and age. In addition, 
there was a significant interaction between the age 
subgroups favoring age >75 years for unclear reason. 
These results are reassuring, not raising a concern 
about the additional IABP therapy to VA-ECMO even 
in the elderly population and regardless of sex and 
the presence of cardiac arrest.

Theoretically, IABP support can offer beneficial ef-
fects as an unloading strategy during VA-ECMO. VA-
ECMO produces a retrograde aortic flow, increasing 
LV afterload and compromising LV efficiency.20 This 
increased LV afterload can result in an increased LV 
chamber size with a consequent increase in left atrial 
pressure and pulmonary edema.20,21 IABP improves 
coronary and peripheral perfusion with an increase 
in diastolic pressure via diastolic balloon inflation and 
decrease afterload via systolic balloon deflation, en-
hancing aortic valve opening and augmenting LV 
performance.22 Additional IABP support was shown 
to decrease myocardial oxygen demand and pulmo-
nary capillary wedge pressure and prevent hydrostatic 
pulmonary edema in patients managed with VA-
ECMO.23,24 In addition, unlike physiologic pulsatile flow, 
VA-ECMO creates a nonpulsatile flow pattern, which 
is supposed to be disadvantageous at organ perfu-
sion and tissue oxygen exchange.25 IABP support can 

establish pulsatile flow during VA-ECMO. Previous 
studies reported that the pulsatility created by using an 
IABP in combination with a nonpulsatile pump, such 
as peripheral VA-ECMO as well as roller pump and 
centrifugal pump, improved organ perfusion and re-
covery.26–28 In addition, an animal investigation showed 
that adjunctive IABP improved myocardial oxygen sup-
ply demand balance with both peripherally and cen-
trally cannulated ECMO.29 These beneficial effects of 
IABP potentially compensate for the limitations of VA-
ECMO. In the present study, the difference in survival 
rate between two treatment arms was observed within 
a few days after the hospitalization as shown in the 
Kaplan–Meier survival curves. The hemodynamic ad-
vantage derived from additional IABP use, unloading 
LV afterload, augmenting LV performance and organ 
perfusion, may potentially prevent pulmonary conges-
tion and life-threatening multiorgan failure in the very 
acute phase of the treatment, ultimately improving sur-
vival of AMI-CS requiring VA-ECMO.

The important finding of the present study is that 
the addition of IABP did not increase the incidence 
of bleeding complications. IABP is relatively safe 
with lower rate of complications compared with VA-
ECMO.30 In the IABP-SHOCK II trial,12 the rate of major 
bleeding did not differ between patients with AMI-CS 
treated with IABP and those without IABP. When VA-
ECMO and IABP are used simultaneously, the occur-
rence of complications such as bleeding may more 
largely depend on the management of VA-ECMO. 
Therefore, additional IABP use might not significantly 
increase bleeding events in such institutions capable 
of managing VA-ECMO as observed in the present 
study. With respect to the sequence of MCS, our ex-
ploratory analysis showed that the in-hospital mortal-
ity was higher in patients who started on IABP with 
subsequent VA-ECMO than in others, including those 
who started on VA-ECMO with subsequent IABP and 
those who had VA-ECMO and IABP on the same day. 
Patients who had early IABP placement followed by 
escalation to VA-ECMO might indicate a rapidly wors-
ening patient phenotype portending worse outcomes.

Recently, Impella was introduced as a percutane-
ous MCS device that can be quickly implanted through 
peripheral vessels without surgical intervention and 
produce retrograde, transaortic unloading of the LV, 
providing superior hemodynamic support than IABP.5 A 
previous study showed that adding Impella to VA-ECMO 
significantly decreased pulmonary artery systolic and di-
astolic pressures in patients with refractory CS.31 Recent 
retrospective studies from 1 or 2 centers showed that 
the addition of Impella to VA-ECMO for patients with 
refractory CS was associated with lower mortality, lower 
inotrope use, higher rate of successful bridging to either 
recovery or further therapy, and comparable safety pro-
files as compared with VA-ECMO alone.32,33 A recent 
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meta-analysis supports the mortality benefit of addi-
tional Impella to VA-ECMO in patients with CS treated 
with VA-ECMO.34 Further accumulation of research on 
this strategy for AMI-CS is needed. Nonetheless, con-
sidering the limited institutions where Impella is available 
and its cost, we believe there is still a demand for IABP 
as an adjunctive treatment for AMI-CS.

Limitations
First, although we adjusted for known confounders, 
the data are observational in nature and inherently 
subject to residual confounding. For example, de-
tailed hemodynamics, angiographic, and echocar-
diographic data could not be extracted from the data 
set. Information on burden and complexity of disease 
(eg, SYNTAX score) and completeness of revasculari-
zation was not available. In addition, the length of stay 
in the group with VA-ECMO alone is much shorter 
than in the group with VA-ECMO plus IABP. This might 
be partially because of early withdrawal of care for 
these patients because of expected poor outcomes 
or family wishes. We were not sure about a variation 
in management between different centers in this re-
gard. Although we performed analyses with multiple 
adjustments, these data were not available for which 
our results were not adjusted. Second, the indication 
of VA-ECMO may vary, albeit slightly, between the in-
stitutions, which may lead to selection bias. Third, the 
data lacked granularity to differentiate between cardi-
ovascular versus noncardiovascular mortality. Fourth, 
we could not investigate the effect of Impella during 
VA-ECMO on clinical outcomes because there were 
very few cases managed with Impella in this study 
period. Fifth, the dates of the adverse event occur-
rence other than death were not available in the data 
set; therefore, we could not perform a time-to-event 
analysis for those events. Sixth, we could not extract 
information on the detailed timing of the CS, IABP 
placement, and ECMO placement on an hourly basis. 
In addition, we could not accurately differentiate pa-
tients who had VA-ECMO and IABP implantation on 
the same day from those who started on VA-ECMO 
with subsequent IABP in this registry. Therefore, the 
results of the MCS sequence in the present study 
was just of an exploratory analysis, requiring further 
investigation with data of higher accuracy. Finally, this 
registry includes mostly Japanese patients treated 
under the health care system in Japan. The results 
may be less generalizable to other populations under 
the health care systems of other countries.

CONCLUSIONS
This large-scale, nationwide study demonstrated that 
the combination of VA-ECMO plus IABP support was 

associated with significantly lower mortality compared 
with VA-ECMO support alone in patients present-
ing with AMI-CS who underwent primary PCI without 
significant increases in cerebral and bleeding events. 
These results support active use of IABP to improve 
clinical outcomes of patients with AMI-CS when VA-
ECMO is indicated.
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Variables 

 

The following variables were extracted from the JROAD-DPC database: age, sex, body mass 

index, duration of hospital stay, emergency admission, ambulance use, smoking habit (Brinkman 

index: 0 or >0), Killip classification, activities of daily living (ADL) score (Barthel index: 100 or 

<100), comorbidities (ischemic heart disease, hypertension, diabetes mellitus, dyslipidemia, 

atrial fibrillation, chronic pulmonary disease, peripheral vascular disease, cerebrovascular 

disease, renal disease, and malignancy), cardiac arrest at admission defined as performing cardio 

pulmonary resuscitation on admission, cardiac catheterization, revascularization defined as PCI 

or coronary artery bypass grafting (CABG), mechanical circulatory support (MCS) use 

(venoarterial extracorporeal membrane oxygenation [VA-ECMO] or/and intraaortic balloon 

pumping [IABP]), hospital teaching status, the number of hospital beds, the number of board-

certified cardiologists per each hospital, coronary care unit, and back up of cardiovascular 

surgery. Primary PCI was defined as PCI performed on the day of or the next day of admission. 

The hospital teaching status was classified into three categories, Class A: more than 2 board-

certified cardiologists (BCC) and 30 cardiovascular beds, Class B: more than 1 board-certified 

cardiologists and 15 cardiovascular beds, and Class C: none of the above. As the institutional 

characteristics, the aging rate and Japanese Circulation Society (JCS)-certified hospital density 

by the prefecture where the institution was located were used. Data for the aging rate by 



prefecture in 2017 were obtained from the Annual Report on the Aging Society :2018.35 JCS-

certified hospital density (hospitals/km2) was calculated by dividing the number of hospitals by 

inhabitable area where the institution was located. Data for the inhabitable area in 2015 were 

obtained from the Japanese Government Statistics.36 

 

Statistical analysis 

Data were presented as the median and interquartile range (IQR) for continuous variables, and 

number (percentage) for categorical variables. The incidence of each clinical event was 

described as per 1,000 person days and the risk ratio of the event between the two treatment arms 

was calculated. To estimate the hazard ratios (HRs) and 95% confidence intervals (95% CIs) for 

associated factors of all-cause mortality, a Cox frailty model was used with random effects to 

account for institution-related variation.37 As adjusted factors in multivariate analysis to perform 

group comparison for VA-ECMO use, the following variables were used: model 1 included age 

category, sex, full score Barthel index at admission, Killip classification, comorbidities (previous 

ischemic heart disease, hypertension, dyslipidemia, diabetes mellitus, atrial fibrillation, chronic 

pulmonary disease, peripheral vascular disease, cerebrovascular disease, renal disease, and 

malignancy), cardiac arrest at admission, and hospital characteristics (hospital with  ≥500 beds, 

number of BCC, hospital with coronary care unit (CCU), hospital with cardiac surgery, reginal 

aging rate, and JCS-certificated hospital density), model 2 included age category, sex, full score 

Barthel index at admission, Killip classification, cardiac arrest at admission, and the hospital 

characteristics, and model 3 included age category, sex, full score Barthel index at admission, 

Killip classification, the comorbidities, and cardiac arrest on admission. To estimate the impact 

of IABP in conjunction with VA-ECMO on 30-day, 7-day, and in-hospital mortality in AMI-CS 



patients, we performed propensity score matching between the VA-ECMO plus IABP group and 

the VA-ECMO alone group based on the estimated propensity scores to reduce the effect of 

known possible confounders. The predicted probability of receiving IABP was calculated by 

applying a logistic regression model, using all clinically relevant variables including age, sex, 

ADL, Killip classification, the comorbidity, cardiac arrest at admission, MCS use, the 

institutional characteristics. One participant in the VA-ECMO plus IABP group was matched 

with 1 patient in the VA-ECMO alone group using nearest-neighbor matching within a caliper 

width of 0.2 standard deviation without replacement. A comparison of the baseline 

characteristics between the VA-ECMO plus IABP group and the VA-ECMO alone group in the 

matched cohort was performed using the absolute standardized mean difference (>0.10 

represents meaningful imbalance). In addition, to confirm the robustness of the results, inverse 

probability of treatment weighting (IPTW) with the same predicted probability used in the 

propensity score matching was performed as sensitivity analysis for the same outcome. The 

actuarial survivals of the VA-ECMO plus IABP group and the VA-ECMO alone group were 

calculated using the Kaplan–Meier method, with the log-rank test used for the comparison 

between the two groups. A two-sided p value of <0.05 was considered to denote the presence of 

a statistically significant difference. R programming language 

version 3 (R Foundation for Statistical Computing, Vienna, Austria) with a library of epitools 

was used for calculating rates of per-1000-person-days and risk ratios. The other statistical 

analyses were conducted using SAS9.4 (SAS Institute, Cary, NC). 

 

  



Table S1. Patient and institutional characteristics after propensity matching cohorts. 

 VA-ECMO 

plus IABP 

(n=846) 

VA-ECMO 

alone 

(n=846) 

Absolute 

standardized 

mean difference 

Age, years 69 (61, 77) 69 (60, 78) 0.01 

Age categories 

    ≥20 to <50 years 

    ≥50 to <60 years 

    ≥60 to <70 years 

    ≥70 to <80 years 

    ≥80 to <90 years 

    ≥90 

 

74 (8.7) 

99 (11.7) 

258 (30.5) 

263 (31.1) 

145 (17.3) 

5 (0.7) 

 

71 (8.4) 

126 (14.9) 

228 (27.0) 

254 (30.0) 

154 (18.2) 

13 (1.5) 

 

Males 652 (77.1) 664 (78.5) 0.04 

Full score Barthel Index as 

admission 

87 (10.3) 75(8.9) 0.05 

Killip classification 

    Killip 3 

    Killip 4 

 

44 (5.2) 

802 (94.8) 

 

47 (5.6) 

799 (94.4) 

0.02 

Prior ischemic heart disease 11 (1.3) 8 (1.0) 0.03 

Hypertension 166 (19.6) 154 (18.2) 0.04 

Dyslipidemia 99 (11.7) 92 (10.9) 0.02 

Diabetes mellitus 145 (17.1) 134 (15.8) 0.03 

Atrial fibrillation 18 (2.1) 12 (1.4) 0.05 

Chronic pulmonary disease 5 (0.6) 6 (0.7) 0.01 

Peripheral vascular disease 41 (4.9) 42 (5.0) 0.01 

Cerebrovascular disease 25 (3.0) 26 (3.1) 0.01 

Renal disease 198 (6.7) 57 (6.7) 0.03 

Malignancy 13 (1.5) 9 (1.1) 0.04 

Cardiac arrest at admission 140 (16.6) 140 (16.6) <0.01 

Hospital teaching status: class A 796 (94.1) 803 (94.9) 0.04 

Hospital with the number of hospital 

beds ≥500 

412 (48.7) 422 (49.9) 0.02 

Number of board-certified 

cardiologists per hospital ≥6 

412 (48.6) 422 (48.7) <0.01 

Hospital with CCU 810 (95.7) 814 (96.2) 0.03 

Hospital with cardiac surgery 715 (84.5) 720 (85.1) 0.02 

Values are median (interquartile range) or n (%). CCU indicates coronary care unit; IABP, 

intraaortic balloon pumping; VA-ECMO, venoarterial extracorporeal membrane oxygenation. 

The hospital teaching status of class A indicates more than 2 board-certified cardiologists and 30 

cardiovascular beds. 

  



Table S2. Cox proportional hazard ratios of 30-day, 7-day and in-hospital mortality in 

AMI-CS patients managed with VA-ECMO plus IABP compared with VA-ECMO alone. 

 30-day mortality 7-day mortality In-hospital mortality 

Univariable 0.43 (0.39, 0.47) 0.36 (0.33, 0.40) 0.44 (0.40, 0.48) 

Multivariable    

   Model 1 0.44 (0.40, 0.43) 0.38 (0.34, 0.42) 0.45 (0.41, 0.49) 

   Model 2 0.43 (0.39, 0.47) 0.37 (0.33, 0.41) 0.44 (0.40, 0.48) 

   Model 3 0.44 (0.40, 0.48) 0.37 (0.34, 0.41) 0.45 (0.41, 0.49) 

PSM 0.50 (0.45, 0.56) 0.42 (0.37, 0.47) 0.51 (0.46, 0.57) 

IPTW 0.41 (0.38, 0.44) 0.35 (0.33, 0.38) 0.42 (0.39, 0.45) 

Values are Cox proportional hazard ratio and 95% confidence intervals (lower, and upper). The 

following variables were used for the multivariable adjustment: Model 1 included age category, 

sex, full score Barthel index at admission, Killip classification, comorbidities, cardiac arrest at 

admission, and hospital characteristics, model 2 included age category, sex, full score Barthel 

index at admission, Killip classification, cardiac arrest at admission, and the hospital 

characteristics, and model 3 included age category, sex, full score Barthel index at admission, 

Killip classification, the comorbidities, and cardiac arrest on admission. AMI-CS indicates acute 

myocardial infarction complicated by cardiogenic shock; IABP, intraaortic balloon pumping; 

IPTW, inverse probability of treatment weighting; PSM, propensity score matching; VA-ECMO, 

venoarterial extracorporeal membrane oxygenation. 

  



Table S3. Subgroup analysis stratified by cardiac arrest, sex and age: odds ratios of 7-day, 30-day and in-

hospital mortality in AMI-CS patients managed with VA-ECMO plus IABP compared with VA-ECMO 

alone. 

 In-hospital mortality 7-day mortality 30-day mortality 

 OR (95% CI) P for interaction OR (95% CI) P for interaction OR (95% CI) P for interaction 

With cardiac arrest 0.47 (0.25, 0.89) 0.87 0.31 (0.18, 0.51) 0.85 0.43 (0.24, 0.78) 0.87 

Without cardiac arrest 0.48 (0.37, 0.61)  0.31 (0.25, 0.38)  0.41 (0.32, 0.51)  

Male 0.48 (0.38, 0.62) 0.45 0.31 (0.25, 0.38) 0.59 0.41 (0.32, 0.52) 0.83 

Female 0.35 (0.18, 0.67)  0.26 (0.15, 0.43)  0.34 (0.19, 0.60)  

Age ≥75 0.27 (0.16, 0.45) 0.025 0.25 (0.17, 0.37) 0.36 0.28 (0.18, 0.45) 0.11 

Age <75 0.53 (0.41, 0.69)  0.32 (0.26, 0.40)  0.44 (0.35, 0.57)  

Values are odds ratio and 95% confidence intervals (lower, and upper). AMI-CS indicates acute myocardial infarction complicated by 

cardiogenic shock; IABP, intraaortic balloon pumping; and VA-ECMO, venoarterial extracorporeal membrane oxygenation. 

 

  



Table S4. Clinical outcomes of AMI-CS patients treated with VA-ECMO plus IABP versus 

VA-ECMO alone before and after propensity score matching. 

 VA-ECMO 

plus IABP 

VA-ECMO 

alone 

Risk ratio (95%CI) P value 

Before PSM n = 2,964 n = 851   

In-hospital death 35.1 93.7 0.37 (0.34, 0.41) <0.001 

Stroke 0.6 0.5 1.15 (0.41, 3.23) 0.79 

Major bleeding 9.5 11.7 0.81 (0.65, 1.01) 0.064 

Intracranial bleeding 0.6 0.5 1.12 (0.40, 3.15) 0.832 

Gastrointestinal bleeding 1.8 2.6 0.70 (0.43, 1.12) 0.14 

After PSM n = 846 n = 846   

In-hospital death 37.9 93.1 0.41 (0.37, 0.45) <0.001 

Stroke 0.7 0.5 1.28 (0.41, 4.02) 0.67 

Major bleeding 10.9 11.8 0.92 (0.72, 1.19) 0.54 

Intracranial bleeding 0.7 0.5 1.28 (0.41, 4.02) 0.67 

Gastrointestinal bleeding 1.9 2.6 0.74 (0.43, 1.30) 0.30 

The incidence rate was described as per 1000 person days. Risk ratios and 95% confidence 

intervals (lower, upper) of each adverse event of the VA-ECMO plus IABP versus VA-ECMO 

alone groups were calculated. AMI-CS indicates acute myocardial infarction complicated by 

cardiogenic shock; IABP, intraaortic balloon pumping; PSM, propensity score matching; VA-

ECMO, venoarterial extracorporeal membrane oxygenation. 

  



Table S5. Additional mechanical support for AMI-CS patients treated with VA-ECMO 

plus IABP versus VA-ECMO alone 

 VA-ECMO 

plus IABP 

(n=2964) 

VA-ECMO 

alone 

(n=851) 

Risk ratio (95%CI) P value 

Hemodialysis 3.4 3.8 0.88 (0.60, 1.29) 0.50 

Mechanical ventilator 47.1 97.2 0.49 (0.45, 0.53) <0.001 

Ventricular assist device 0.1 0.1 1.15 (0.41, 3.23) 0.79 

The incidence rate was described as per 1000 person days. Risk ratios and 95% confidence 

intervals (lower, upper) of each event of the VA-ECMO plus IABP versus VA-ECMO alone 

groups were calculated. AMI-CS indicates acute myocardial infarction complicated by 

cardiogenic shock; IABP, intraaortic balloon pumping; VA-ECMO, venoarterial extracorporeal 

membrane oxygenation. 

 


