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it is believed that adverse complications during ECMO and 
a patient’s condition after weaning also affect the clinical 
outcome. Thus, strategies to prevent ECMO-related com-
plications such as bleeding, systemic embolization, limb 
ischemia, and pulmonary edema or hemorrhage caused by 
left ventricular distension and general intensive care may 
be required to improve clinical outcomes, even in patients 
successfully weaned off ECMO. However, limited data are 
available on the predictors of survival to discharge after 
successful weaning from ECMO in CS patients.

Therefore, the aim of the present study was to investigate 
the clinical features and predictors of in-hospital mortality 

V enoarterial (VA) extracorporeal membrane oxy-
genation (ECMO) provides the circulatory support 
to maintain life in patients with refractory cardio-

genic shock (CS) while allowing time for myocardial recov-
ery or time until heart transplantation or implantation of a 
left ventricular assist device.1 There has been a rapid increase 
in the use of ECMO in CS patients recently, but half the 
patients who receive ECMO do not survive to discharge.2

In particular, several studies have reported that a sub-
stantial proportion of patients do not survive to discharge 
despite successful weaning from ECMO.3–6 In addition to 
underlying comorbidities in CS patients undergoing ECMO, 
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Background:  This study identified predictors of hospital mortality after successful weaning of patients with cardiogenic shock off 
venoarterial (VA) extracorporeal membrane oxygenation (ECMO) support.

Methods and Results:  Adult patients who received peripheral VA ECMO from January 2012 to April 2017 were reviewed retro-
spectively. After excluding patients who died on ECMO support, predictors for survival to discharge were investigated in patients who 
were successfully weaned off ECMO. Of 191 patients successfully weaned off ECMO, 143 (74.9%) survived to discharge. The 
prevalence of a history of stroke and coronary artery disease, as well as ECMO-related complications, including newly developed 
stroke and sepsis, was a higher in patients who did not survive to discharge than in those who did. On the day of ECMO weaning, 
Sequential Organ Failure Assessment score and serum lactate were higher in patients who did not survive to discharge, although 
there was no significant difference in blood pressure and the use of vasoactive drugs between the 2 groups. On multivariable analysis, 
stroke and sepsis during ECMO support, a lower Glasgow Coma Scale and acute kidney injury requiring continuous renal replacement 
therapy after weaning were significant predictors for in-hospital mortality.

Conclusions:  Complications that occurred during ECMO and the presence of extracardiac organ dysfunction after weaning were 
associated with in-hospital mortality in patients with cardiogenic shock who were successfully weaned off ECMO.
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ECMO was not initiated in patients who had previously 
signed ‘do-not-resuscitate’ orders or in cases where patients 
or their families had expressed a preference against it.

Pump blood flow rate was adjusted to maintain a target 
blood pressure, and additional fluid, blood products, ino-
tropes or vasopressors were infused, if needed. Neurological 
function, including the level of consciousness and motor 
and sensory function, was assessed daily using the Glasgow 
Coma Scale (GCS) and motor scoring scale. If a patient 
was under sedation, sedation was interrupted daily to 
assess neurological status. The multidisciplinary ECMO 
team performed daily rounds and assessed the circuit, the 
development of ECMO-associated complications, and the 
possibility of weaning.

When patients were hemodynamically stable with or 
without low levels of pharmacologic support and were 
oxygenated with adequate natural lung oxygenation, 
hemodynamics status was evaluated at an ECMO flow of 
1 L/min; ECMO was withdrawn if the patient was judged 
to have sufficient ability to maintain perfusion without 
mechanical circulatory support. Successful weaning was 
defined as weaning from ECMO followed by survival with-
out reinsertion beyond 24 h.

Data Collection and Definitions
Clinical, laboratory, and outcome data were collected by a 
trained study coordinator by reviewing hospital medical 
records. Laboratory findings were collected just before 
initiation of VA ECMO. The Sequential Organ Failure 
Assessment (SOFA) score was calculated using the worst 
value within the 24-h period after weaning. Failure of 
weaning off ECMO was defined as reinitiation of ECMO 

in refractory CS patients who were successfully weaned 
from ECMO support.

Methods
Study Population
A retrospective cohort study was conducted on 421 adult 
patients aged >18 years who received peripheral VA ECMO 
between January 2012 and April 2017. Patients who under-
went ECMO as bridge to heart transplantation or left 
ventricular assist device implantation, those who could not 
be weaned off ECMO, or those in whom ECMO was with-
drawn because it was medical futile were excluded from the 
study. This left 191 patients for analysis. These patients 
were divided into 2 groups based on whether they survived 
to discharge (survivor group, n=143; non-survivor group, 
n=48; Figure).

This study was approved by the Institutional Review 
Board of Samsung Medical Center. Because of the retro-
spective nature of the study, the requirement for written 
informed consent was waived.

Implantation, Management and Weaning off ECMO
We have previously reported the ECMO procedure in 
detail.7,8 The decision to initiate ECMO was determined by 
an experienced cardiologist or cardiovascular surgeon. In 
general, ECMO support was considered in refractory CS 
patients who could not maintain adequate peripheral per-
fusion despite medical treatment. Pre-existing severe neu-
rological disease or damage and extremely short predicted 
life expectancy due to malignancy or other comorbidities 
were considered contraindications to ECMO. In addition, 

Figure.    Scheme showing patient disposition. ECMO, extracorporeal membrane oxygenation; VA, venoarterial.
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the mean ± SD or as the median and interquartile range 
(IQR). To compare characteristics between survivors and 
non-survivors, categorical variables were analyzed using χ2 
tests or Fisher’s exact tests, when applicable, whereas con-
tinuous variables were compared using the t-test or Mann-
Whitney U-test.

Regression analysis was used to identify risk factors for 
hospital mortality. First, univariable logistic regression for 
each risk factor was performed to select meaningful clinical 
variables that appeared to be related to hospital mortality. 
Variables with P<0.2 were considered relevant and were 
included in the multivariable logistic regression model as 
initial independent predictors. Finally, risk factors with 
statistical significance at the 0.05 level were retained in the 
final model. Odds ratios (ORs) are reported for each vari-
able with 95% confidence intervals (CIs). The goodness of 

or death within 24 h.
The primary outcome was in-hospital mortality. The 

following complications during ECMO were recognized: 
(1) lower limb ischemia, which included cases requiring 
surgical management or those involving long-term sequelae 
rather than cases of simple distal perfusion; (2) bleeding at 
the ECMO insertion site, defined as cases requiring surgi-
cal wound repair; (3) bleeding at non-cannula sites, which 
included cases of gastrointestinal bleeding and cerebral 
hemorrhage; (4) thrombosis, identified by duplex ultraso-
nography; and (5) sepsis, defined as bacteremia induced by 
cannula-related infections.

Statistical Analysis
Categorical variables are presented as numbers and per-
centages, whereas Continuous variables are presented as 

Table 1.  Baseline Characteristics and In-Hospital Managements Before Weaning Off ECMO in Patients Who 
Survived or Not to Discharge

Non-survivors  
(n=48)

Survivors  
(n=143) P value

Age (years) 59.7±16.2 55.1±16.6 0.094

Male sex 29 (60.4) 91 (63.6) 0.821

BMI (kg/m2) 24.6±3.7　　 24.5±3.8　　 0.866

Comorbidities

    Hypertension 16 (33.3) 54 (37.8) 0.705

    Diabetes 20 (41.7) 46 (32.2) 0.307

    Hyperlipidemia 3 (6.2) 10 (7.0)　　 0.999

    Current smoker   7 (14.6) 35 (24.5) 0.219

    Chronic kidney disease   6 (12.5) 9 (6.3) 0.283

    Peripheral artery disease 3 (6.2) 3 (2.1) 0.343

    Previous stroke   9 (18.8) 5 (3.5) 0.001

    Previous myocardial infarction 16 (33.3) 18 (12.6) 0.002

    Previous coronary artery revascularization 20 (41.7) 28 (19.6) 0.004

    Malignancy 10 (20.8) 22 (15.4) 0.515

ECMO indication 0.695

    Ischemic cardiomyopathy 23 (47.9) 72 (50.3)

    Non-ischemic cardiomyopathy 20 (41.7) 53 (37.1)

    After cardiotomy 3 (6.2) 5 (3.5)

    Refractory ventricular arrhythmia 2 (4.2) 11 (7.7)　　
    Other 0 (0.0) 2 (1.4)

Duration of ECMO support (days) 5.4±5.3 4.1±4.5 0.112

Extracorporeal cardiopulmonary resuscitation 29 (60.4) 72 (50.3) 0.297

In-hospital management during ECMO

    Left heart decompression with venting 3 (6.2) 10 (7.0)　　 >0.999　
    Distal perfusion 17 (35.4) 57 (39.9) 0.707

    Anticoagulation 40 (83.3) 112 (78.3)　　 0.590

    Vasopressor 45 (93.8) 122 (85.3)　　 0.203

    Mechanical ventilator 47 (97.9) 103 (72.0)　　 <0.001　
    Continuous renal replacement therapy 33 (68.8) 46 (32.2) <0.001　
    Intra-aortic balloon pump   7 (14.6) 15 (10.5) 0.612

Complications

    Limb ischemia   6 (12.5) 8 (5.6) 0.205

    ECMO insertion site bleeding   8 (16.7) 14 (9.8)　　 0.303

    Stroke 15 (31.2) 5 (3.5) <0.001　
    Gastrointestinal bleeding 4 (8.3) 3 (2.1) 0.122

    Sepsis 10 (20.8) 5 (3.5) <0.001　
    Rhabdomyolysis   6 (12.5) 3 (2.1) 0.011

Unless indicated otherwise, data are given as the mean ± SD or n (%). ECMO, extracorporeal membrane oxygenation.
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2 groups (60.4% vs. 50.3% in non-survivors and survivors, 
respectively; P=0.297).

Treatments and Complications During ECMO
During ECMO support, there was no significant difference 
between non-survivors and survivors in the use of vasoac-
tive drugs (93.8% vs. 85.3%, respectively; P=0.203) and 
intra-aortic balloon pumps (14.6% vs. 10.5%, respectively; 
P=0.612; Table 1). However, non-survivors required mechan-
ical ventilation (97.9% vs. 72.0%; P<0.001) and continuous 
renal replacement therapy (68.8% vs. 32.2%; P<0.001) 
more frequently than survivors. In addition, the proportion 
of patients who experienced complications during ECMO 
was higher among non-survivors. Although differences 
between non-survivors and survivors in the occurrence of 
stroke (31.2% vs. 3.5%, respectively; P<0.001) and sepsis 
(20.8% vs. 3.5%, respectively; P<0.001) were found to be 
significantly different, the occurrence of complications of all 
categories tended to be higher among non-survivors than 
survivors.

Clinical and Treatment Characteristics After Weaning Off ECMO
On the day of weaning, there were no differences in vital 
signs between the non-survivors and survivors (Table 2). 
However, GCS was lower (7.8 vs. 12.9; P<0.001) and the 
SOFA score were higher (13.5 vs. 8.6; P<0.001) in non-
survivors than survivors. Left ventricular ejection fraction 
in the non-survivors and survivors was 41.4% and 46.7%, 
respectively (P=0.031). Even after weaning off ECMO, 
non-survivors were more likely to receive mechanical ven-
tilation (93.8% vs. 73.4%; P=0.006) and continuous renal 
replacement therapy (45.8% vs. 15.4%; P<0.001) than sur-
vivors, but there was no difference in the use of vasoactive 

fit and the discriminative power of the prediction model 
were assessed using the Hosmer-Lemeshow goodness-of-fit 
test and the area under the receiver operating characteristic 
(ROC) curve (C-statistic), respectively.9,10

For all analyses, 2-tailed P<0.05 was considered signifi-
cant. Statistical analyses were performed using R version 
3.2.5 (R Foundation for Statistical Computing, Vienna, 
Austria).

Results
Baseline Clinical Characteristics
Of the 191 patients who were successfully weaned off 
ECMO support, 48 died in hospital and 143 survived to 
discharge. In non-survivors, the median duration from 
successful weaning off ECMO to death was 11 (3–40) days. 
Twelve (25.5%) patients died from cardiac causes, 21 
(42.6%) died from neurological causes, and 15 (31.9%) died 
from non-cardiac causes. Baseline characteristics of the 
non-survivors and survivors are given in Table 1; there 
were no significant differences in clinical characteristics 
between non-survivors and survivors except for a history 
of adverse cardiovascular events, such as previous stroke 
(18.8% vs. 3.5%, respectively; P=0.001), myocardial infarc-
tion (33.3% vs. 12.6%, respectively; P=0.002), and coronary 
artery revascularization (41.7% vs. 19.6%, respectively; 
P=0.004). In addition, the primary diagnosis of the cause 
of CS was similar between the 2 groups. Ischemic cardio-
myopathy and non-ischemic cardiomyopathy were com-
mon primary diagnoses, accounting for the cause of CS in 
49.7% and 38.2% of patients overall, respectively. There was 
no significant difference in the proportion of patients in 
whom ECMO was initiated during cardiac arrest between 

Table 2.  Clinical Characteristics and Management After Successful Weaning Off ECMO in Patients Who 
Survived or Not to Discharge

Non-survivors  
(n=48)

Survivors  
(n=143) P value

Vital signs on day of weaning

    SBP (mmHg) 89.6±21.8 86.4±16.8 0.288

    DBP (mmHg) 47.1±12.2 47.6±11.0 0.775

    mAP (mmHg) 61.3±14.6 60.6±11.8 0.732

    PP (mmHg) 42.5±13.9 38.7±12.8 0.086

Laboratory findings and scores after weaning

    LVEF (%) 41.4±13.6 46.7±15.0 0.031

    Hemoglobin (g/L) 9.7±1.3 10.3±1.5　　 0.031

    Creatinine (mg/dL) 1.4±0.8 1.4±0.8 0.676

    Total bilirubin (mg/dL) 5.4±6.4 2.5±3.4 <0.001　
    Prothrombin time (%) 79.8±17.8 76.0±17.7 0.196

    Lactic acid (mmol/L) 4.6±5.6 2.7±2.6 0.001

In-hospital management after weaning

    Anticoagulation 10 (20.8) 24 (16.8) 0.677

    Vasopressor 31 (64.6) 79 (55.2) 0.335

    Mechanical ventilator 45 (93.8) 105 (73.4)　　 0.006

    Continuous renal replacement therapy 22 (45.8) 22 (15.4) <0.001　
    Intra-aortic balloon pump   8 (16.7) 16 (11.2) 0.460

SOFA 13.5±4.2　　 8.6±3.8 <0.001　
Final cerebral performance category score 3.9±0.9 1.2±0.6 <0.001　

Unless indicated otherwise, data are given as the mean ± SD or n (%). DBP, diastolic blood pressure; ECMO, extra-
corporeal membrane oxygenation; LVEF, left ventricular ejection fraction; mAP, mean arterial pressure; PP, pulse 
pressure; SBP, systolic blood pressure; SOFA, Sequential organ failure assessment.
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ECMO.
Within the study cohort, 45.5% of all adult patients who 

received VA ECMO support were successfully weaned off 
ECMO without cardiac replacement therapy during the 
study period; of these, 74.9% were alive at the time of hos-
pital discharge. In patients with refractory circulatory fail-
ure, ECMO ensured maintenance of adequate peripheral 
perfusion while providing time for cardiac recovery. Given 
this opportunity, approximately 50–70% of patients return 
to a condition whereby they can maintain perfusion with-
out mechanical cardiac support and ECMO support can 
be withdrawn successfully.3–6,11 However, despite success-
ful weaning off ECMO, and as demonstrated in this study, 
20–30% of patients who are weaned of ECMO die in hos-
pital.3–6 That is, successful ECMO weaning does not guar-
antee survival and it is important to identify prognostic 
factors for in-hospital mortality after weaning off ECMO. 
To date, most studies on patients receiving ECMO support 
for refractory CS considered only pre-ECMO factors as 
predictors of prognosis (Supplementary Table).5,12–14 How-
ever, relationships between a patient’s physiological factors 
during ECMO support or at the time of weaning and clini-
cal outcomes should also be evaluated in this population.

In CS patients, ischemic injury to other major organs, 
such as the brain, liver, and kidney, is often accompanied 
by circulatory failure15–17 and the presence of extracardiac 
organ dysfunction before ECMO is known as a prognostic 
factor for increased mortality in patients receiving ECMO 
support.5,12,13,18 In fact, it is difficult to distinguish whether 
the organ dysfunction remaining after weaning off ECMO 
is the result of ischemic injury during initial circulatory 
shock or a complication arising during ECMO support. In 
the present study, non-survivors were more likely to require 

drugs (64.6% vs. 55.2%; P=0.335) or intra-aortic balloon 
pumps (16.7% vs. 11.2%; P=0.460) between the 2 groups.

Prognostic Factors for In-Hospital Mortality
Multivariable analysis revealed that the occurrence of 
stroke (OR 5.11; 95% CI 1.40–18.63; P=0.013) and sepsis 
(OR 7.19; 95% CI 1.75–29.55; P=0.006) during ECMO, a 
lower GCS on the day of weaning (OR 0.76; 95% CI 
0.69–0.84; P<0.001), and the need for continuous renal 
replacement therapy after weaning (OR 5.14; 95% CI 2.04–
12.93; P<0.001) were significant prognostic predictors for 
in-hospital mortality (Table 3). The prediction model had 
a good discrimination with a C-statistic of 0.88 (95% CI 
0.82–0.94; P<0.001) in the ROC analysis for the prediction 
of in-hospital mortality. Overall goodness of fit of the 
model was also verified using the Hosmer-Lemeshow test 
(P=0.16).

Discussion
In this study we investigated the characteristics of patients 
who survived to hospital discharge and the independent 
predictors for mortality in CS patients who were success-
fully weaned off ECMO. The findings demonstrated that 
the need for extracardiac organ support, the incidence of 
complications during ECMO, and the severity of organ 
dysfunction at the time of ECMO weaning were signifi-
cantly higher in non-survivors than survivors. In addition, 
the occurrence of stroke and sepsis during ECMO support, 
the presence of central nervous system dysfunction, and 
need for renal replacement therapy after ECMO weaning 
were independent prognostic factors for in-hospital mor-
tality among patients who were successfully weaned off 

Table 3.  Predictors of Hospital Mortality in Patients Who Were Successfully Off ECMO

Univariable analysis Multivariable analysis

OR (95% CI) P value aOR (95% CI) P value

Clinical factors

    Age 1.02 (0.99–1.04) 　0.090

    Previous stroke   6.37 (2.02–20.12) 　0.002

    Previous myocardial infarction 3.47 (1.59–7.56) 　0.002

    Coronary revascularization history 2.93 (1.45–5.95) 　0.003

    PP after weaning 1.022 (0.99–1.05)　　 　0.087

Factors associated with management after weaning

    Mechanical ventilator   5.43 (1.59–18.50) 　0.007

    Continuous renal replacement therapy 4.65 (2.25–9.63) <0.001 5.14 (2.04–12.93) <0.001

Factors associated with ECMO complications

    Stroke 12.55 (4.26–36.98) <0.001 5.11 (1.40–18.63) 　0.013

    Gastrointestinal bleeding   4.24 (0.91–19.69) 　0.065

    Sepsis   7.26 (2.34–22.53) 　0.001 7.19 (1.75–29.55) 　0.006

    Rhabdomyolysis   6.67 (1.59–27.81) 　0.009

Laboratory findings after weaning

    LVEF 0.98 (0.95–0.99) 　0.033

    Hemoglobin 0.77 (0.60–0.98) 　0.033

    Total bilirubin 1.13 (1.05–1.22) 　0.001

    Lactic acid (maximum after weaning) 1.14 (1.04–1.26) 　0.008

    Glasgow Coma Scale score 0.78 (0.71–0.84) <0.001 0.76 (0.69–0.84)　　 <0.001

Final cerebral performance category score   6.39 (3.99–10.22) <0.001

SOFA score 1.36 (1.23–1.51) <0.001

aOR, adjusted odds ratio; CI, confidence interval; OR, odds ratio. Other abbreviations as in Table 2.
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fully weaned off ECMO died in hospital, and sepsis and 
stroke during ECMO support and residual organ failure 
after weaning were independent predictors for in-hospital 
mortality. Therefore, physician needs to be aware of the 
need to prevent ECMO-related complications and preserve 
extracardiac organ function, in addition to the recovery of 
native cardiac function, to maximize survival to discharge 
of patients successfully weaned off ECMO support.
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complications, including stroke, intracranial hemorrhage, 
and encephalopathy, are also common and are associated 
with higher mortality.23,24 Such complications raise ques-
tions as to whether ECMO support and other life-sustaining 
treatments are futile, and affect decisions regarding the 
withdrawal of ECMO.25 The results of the present study 
suggest that this dilemma persists even after patients are 
weaned off ECMO.

To the best of our knowledge, the present study is the first 
to provide information on the effects of complications dur-
ing ECMO and extracardiac organ dysfunction at the time 
of weaning on clinical outcomes in CS patients who are suc-
cessfully weaned off ECMO support. This study has several 
limitations. First, because it was a retrospective cohort study 
in a single center, there is a potential risk of confounding 
variables and selection bias. Although we followed the 
recommendations and protocols for weaning in the guide-
lines of the Extracorporeal Life Support Organization and 
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decision to wean patients off ECMO was made for patients 
in different physiologic conditions between the survivor 
and non-survivor groups because there were no predefined 
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tion of physicians. Therefore, it is difficult to rule out the 
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Conclusions
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