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and outcome are insufficient. Therefore, accord­
ing to the European Society of Cardiology guide­
lines, its use could be considered (class IIb recom­
mendation) with the lowest possible level of evi­
dence (C).1 The need for more robust data is even 
more apparent for the Central and Eastern Euro­
pean population, as most evidence for guidance 
in the ECMO therapy originates from population­
‑based studies performed in Western European 

Introduction  Venoarterial extracorporeal 
membrane oxygenation (VA ECMO) is an appli­
cable treatment option in the setting of refracto­
ry cardiogenic shock (CS), a condition related to 
soaring rates of mortality. The trend to use VA 
ECMO as acute cardiopulmonary life support is 
progressing worldwide. However, due to the re­
markably challenging clinical scenarios, the avail­
able data regarding its applicability, complications, 

ORIGINAL ARTICLE

Current applications and outcomes of 
venoarterial extracorporeal membrane 
oxygenation based on 6 years of experience: 
risk factors for in‑hospital mortality
A single‑center retrospective study

Małgorzata Celińska‑Spodar, Mariusz Kuśmierczyk, Tomasz Zieliński, 
Małgorzata Jasińska, Piotr Kołsut, Paweł Litwiński, Ewa Sitkowska‑Rysiak, 
Małgorzata Sobieszczańska‑Małek, Jarosław Szymański, Janina Stępińska
National Institute of Cardiology, Warsaw, Poland

Correspondence to:
Małgorzata Celińska‑Spodar, MD, 
Department of Anesthesiology 
and Intensive Care, National 
Institute of Cardiology, ul. Alpejska 
42, 04-628 Warszawa, Poland, 
phone: +48 22 343 42 24, email: 
mcelinska@ikard.pl
Received: September 1, 2021.
Revision accepted: October 8, 2021.
Published online: 
November 26, 2021.
Pol Arch Intern Med. 2021; 
131 (12): 16145
doi:10.20452/pamw.16145
Copyright by the Author(s), 2021

Key words

cardiogenic shock, 
extracorporeal 
membrane 
oxygenation, heart 
failure, mechanical 
circulatory support

Abstract

Introduction  Data regarding venoarterial extracorporeal membrane oxygenation (VA ECMO) as a tem‑
porary circulatory support in cardiogenic shock (CS) for Central Europe are scarce.
Objectives  The aim of the study was to disclose indications, in‑hospital, and long‑term (1-year) mor‑
tality along with risk factors.
Patients and methods  The study is a retrospective investigation of patients who underwent VA ECMO 
for CS at a cardiosurgical tertiary center, from January 2013 to June 2018. A broad spectrum of pre- and 
postimplantation factors was tested using univariable analysis.
Results  A total of 198 patients met the inclusion criteria. The median (interquartile range) duration 
of support was 207 (91–339) hours, with no significant disparity among hospital survivors and nonsur‑
vivors (P = 0.09). A total of 40.4% of patients died during ECMO support, while the joined in‑hospital 
and 6‑month mortality progressed to 65.2%, and 1‑year mortality to 67.2%; 9% underwent a subsequent 
heart transplantation. Main adverse events were bleeding (76%), infection (56%), neurologic injury (15%), 
and limb ischemia (15%). Multiorgan failure was the most decisive risk factor of in‑hospital mortality 
(odds ratio, 4.45; P <0.001). Patients with postcardiotomy CS had a significantly lower out‑of‑hospital 
survival rate than the nonsurgical group (32.3% vs 45%; log‑rank P = 0.037).
Conclusions  The study showed survival benefit, despite frequent complications. The protocol focusing 
on proper candidate selection and timing can positively impact patient survival. Additional risk reduction 
can be achieved with a further increase of the team experience with ECMO.
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patients’ demographic characteristics, pre- and 
postimplantation clinical parameters, laborato­
ry results, and imaging data.

Definitions  Baseline medical history refers to 
comorbidities present before the hospitalization 
during which ECMO was used. The pre‑ECMO 
data set included the latest laboratory analysis 
and clinical parameters preceding ECMO im­
plantation. On‑ECMO set contains values gath­
ered approximately 12 to 24 hours after ECMO 
initiation. Preweaning relates to the last exam­
ination before the weaning from ECMO (up to 
24 hours). Diagnosis and classification of coro­
nary artery disease, diabetes, heart failure, and 
the probability of pulmonary hypertension were 
made in adherence to the corresponding Europe­
an Society of Cardiology guidelines.2-5 Right ven­
tricular (RV) dysfunction was defined as presence 
of more than a single parameter from the fol­
lowing: RV fractional area change of less than 
35%, tricuspid annular plane systolic excursion 
of less than 16 mm, and the S’ parameter on tis­
sue Doppler imagining of the tricuspid annulus 
of less than 10 cm/s with RV muscle hypo-/aki­
nesis on echocardiography.6 Renal impairment 
was defined as glomerular filtration rate below 
50 ml/min and no dialysis. Dialysis was defined 
as dialysis‑dependency before ECMO implanta­
tion, either in chronic (on‑line intermittent renal 
replacement therapy [RRT]) or acute / acute on 
chronic kidney disease during the current med­
ical event (continuous RRT). Multiorgan fail­
ure was defined as an admission to the inten­
sive care unit and requirement for the support 
of 2 or more organ systems, with or without me­
chanical ventilation. Cardiopulmonary resusci­
tation (CPR) was defined as the need for a mini­
mum of 1 minute of chest compressions for sud­
den cardiac arrest (SCA) that occurred up to 12 
hours before ECMO initiation. Bleeding com­
plications were assessed according to the Bleed­
ing Academic Research Consortium definitions.7 
The implementation of the ECMO circuit was ei­
ther peripheral or central. Peripheral cannula­
tion was performed via the femoral or subclavi­
an artery, in most cases with surgical exposure of 
the cannulated vessels and additional placement 
of a distal cannula into the superficial femoral ar­
tery or graft anastomosis to the common fem­
oral artery for ischemia prevention on the side 
of the cannulated leg. Central cannulation was 
performed surgically via sternotomy with graft 
anastomosis to the ascending aorta and inflow 
cannula deriving blood from the right atrium. 
Hybrid cannulation was defined as a central po­
sitioning of the outflow cannula and peripheral 
inflow placement.

Anticoagulation is routinely initiated in 
the first 12 to 24 hours after ECMO implantation 
in the absence of life‑threatening bleeding com­
plications. Normally, continuous unfractionated 
heparin infusion rate ranges from 10 to 50 U/kg/h 
and is adjusted every 6 to 8 hours according to 

and North American hospitals. As the differenc­
es in healthcare organization and budgets are un­
deniable, epidemiology and outcomes in patients 
with CS, particularly in such a costly and resource­
‑intensive technology as VA ECMO, should be pro­
vided separately for the Central and Eastern Euro­
pean population. To our knowledge, we present re­
sults of the largest retrospective VA ECMO study 
based in Central and Eastern Europe.

Objectives  This study aimed to identify the fre­
quency of use of ECMO in patients of our cardiac 
and cardiosurgical tertiary center in Poland. We 
focused on providing the clinical characteriza­
tion of hospital survivors versus nonsurvivors 
among patients undergoing VA ECMO at our cen­
ter, the feasibility of therapy, the occurrence of 
significant adverse events, and the outcome (in­
‑hospital and long‑term [12 months after ECMO 
implantation] mortality).

Patients and methods  The study was conduct­
ed after the approval by the local ethics commit­
tee. The project was a single‑center, retrospective 
study. We included all consecutive patients who 
underwent VA ECMO support for refractory CS 
at the National Institute of Cardiology, Warsaw, 
Poland, from January 2013 to June 2018.

There is no clear and unified protocol for 
ECMO support at our center. Hence, the choice 
of initiating ECMO is to be made by the Heart 
Team, including a cardiac surgeon, an anesthe­
siologist, a cardiologist, and an intensivist on 
the basis of commonly accepted criteria of rec­
ognition and treatment of CS.1 The main deci­
sive factors for the use of VA ECMO include pro­
gressing hemodynamic instability (systolic blood 
pressure <90 mm Hg, pulmonary capillary wedge 
pressure >20 mm Hg), tissue hypoperfusion (oli­
guria, cool extremities, altered mental status), and 
organ damage (rising creatinine and liver trans­
aminases), following decreased cardiac output 
(cardiac index below 1.8 l/min/m2) despite opti­
mal pharmacological therapy. VA ECMO is also 
implanted in the case of inability to wean from 
cardiopulmonary bypass after heart surgery. In 
any case, VA ECMO is used if later recovery, heart 
transplantation, or long‑term mechanical circu­
latory support (MCS) is probable.

Data collection  Data were extracted from medi­
cal records and deidentified. The records included 

What‘s new?

Venoarterial extracorporeal membrane oxygenation (VA ECMO) is increasingly 
used to provide temporary mechanical circulatory support as a salvage therapy 
for patients in cardiogenic shock or cardiac arrest refractory to usual medi‑
cal treatment. However, data about the frequency of VA ECMO in Poland are 
scarce. We analyzed the real‑life use of VA ECMO therapy, based on 6 years 
of experience of a Polish cardiosurgical tertiary center, and demonstrated 
satisfactory outcomes.
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as medians and interquartile ranges (IQRs) ac­
cording to their distribution and examined with 
the Mann–Whitney test. Univariable logistic re­
gression was used to assess the impact of specif­
ic pre‑ECMO, on‑ECMO, and post‑ECMO vari­
ables on the probability of in‑hospital mortal­
ity. Statistical significance was set at 0.05 for 
hypotheses tested. Cumulative survival curves 
for 1‑year follow‑up were created using the Ka­
plan–Meier method. The surgical and nonsur­
gical groups were compared using the log‑rank 
test. Data collection was managed with the Mi­
crosoft Excel software. For statistical analyses, 
IBM SPSS Statistics 27 (Chicago, Illinois, Unit­
ed States) was used.

Results  Between 2013 and 2018, 198 pa­
tients received venoarterial ECMO support for 
severe CS refractory to standard pharmacological 

the activated partial thromboplastin time mea­
surement to target in between 50 and 90 seconds. 
In addition, fibrinogen and D‑dimer levels as well 
as platelet counts are analyzed at least once dai­
ly, while anti–factor Xa and antithrombin III lev­
els are measured occasionally for detailed assess­
ment of the patient’s coagulation. The anticoag­
ulation regimen and anticoagulation monitoring 
range are individualized in every case, following 
the patient’s estimated thrombotic and bleed­
ing risk profile.

Statistical analysis  Descriptive analysis was con­
ducted to provide pre‑ECMO, on‑ECMO, and 
post‑ECMO variables and to detect disparities 
between hospital survivors and nonsurvivors. 
Categorical variables were given as numbers and 
percentages, and further analyzed with the Pear­
son χ2 test. Continuous variables were expressed 

Figure 1�  Study flowchart of 198 patients treated with venoarterial extracorporeal membrane oxygenation (VA ECMO). “Bleeding” refers to death 
due to definitive fatal overt bleeding or confirmed on autopsy (BARC 5b); “cardiac,” to death due to the insufficient cardiac regeneration, sudden 
cardiac death; “infection,” to death due to the uncontrollable infection, bacterial or fungal; “neurologic,” to death due to fatal intracranial hemorrhage, 
stroke, anoxia, or brain death. 
Abbreviations: MOF, multiorgan failure; VAD, ventricular assist device

Post-cardiosurgical low 
cardiac output syndrome

n = 158

Successful ECMO weaning 
n = 92 (46.5%)

Died in hospital
n = 36

• MOF: 22
• Neurologic: 6
• Cardiac: 4
• Infection: 2
• Bleeding: 2

Survival
• In-hospital: n = 69 (34.8%) 
• 6-month: n = 69 (34.8%)
• 1-year: n = 65 (32.8%)

Survived to 
discharge

n = 4

Survived to 
discharge

n = 9

Transplanted 
n = 11

Survived to 
discharge
n = 56

Died in hospital
n = 4 

• MOF: 3 
• Infection: 1 

Died in hospital
n = 7

• MOF: 4
• Neurologic: 2
• Infection: 1 

Died in 
hospital

n = 2 (MOF)

Died on ECMO 
n = 80 (40.4%)
• MOF: 53
• Neurologic: 7
• Cardiac: 9
• Bleeding: 11

Transplanted 
n = 8 (4%)

Replaced with VAD 
n = 18 (9.1%)

Acutely decompensated 
heart failure

n = 40

Support with VA ECMO
n = 198 (100%)
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50 ml/min or dialysis dependent, and bleeding di­
athesis were significantly more frequent among 
hospital nonsurvivors compared with survivors. 
The interval from hospital admission to ECMO 
implantation was significantly shorter in hospi­
tal survivors as opposed to nonsurvivors (median 
[IQR], 2.4 [1.4–7.2] days vs 4.2 [1.8–24.8] days; P 
= 0.003). When analyzing preimplantation echo­
cardiographic parameters, a significant increase 
in mortality risk was shown for those with inter­
mediate or high probability of pulmonary hyper­
tension, whereas left ventricular ejection fraction 
(LVEF) and the prevalence of valvular pathol­
ogies were comparable between survivors and 
nonsurvivors. Of various laboratory parameters 
examined, nonsurvivors had significantly lower 
hemoglobin and higher activated partial throm­
boplastin time values in comparison with survi­
vors. Among various pre‑ECMO variables, 4 were 
associated with in‑hospital mortality by univari­
able logistic regression: age, developed multior­
gan failure, receiving oral anticoagulants up to 7 
days before ECMO initiation, and hemoglobin 
level. The significant variables preceding ECMO 
implantation are detailed in Table 1 and Supple­
mentary material, Table S1.

On‑ECMO period  The median duration of me­
chanical ventilation to first extubation and to­
tal mechanical ventilation was significantly lon­
ger in nonsurvivors than in survivors. Further­
more, those who died in hospital were significant­
ly less frequently extubated on ECMO, more often 
needed reintubation and tracheostomy, and had 
lower Glasgow Coma Scale (GCS) score assessed 
at extubation compared with survivors. Nonsur­
vivors significantly more frequently experienced 
acute kidney injury (AKI) with the need for RRT. 
With regard to blood tests, low platelet count, el­
evated international normalized ratio (INR), and 
lactate levels were important prognostic factors. 
Unloading of the LV alongside ECMO was imple­
mented in 80 patients (40%) as intra‑aortic bal­
loon counterpulsation (n = 62), LV venting can­
nula (n = 11), or the Rashkind procedure (n = 7). 
In univariable logistic regression, a significant 
association with in‑hospital mortality was fur­
ther confirmed for lower GCS score at extuba­
tion, longer total mechanical ventilation time, 
the need for reintubation, and AKI with the need 
for RRT. Significant data related to on‑ECMO pe­
riod are shown in Table 2.

Weaning from ECMO  Ninety‑two patients (46.5%) 
were successfully weaned from ECMO. Patients 
who later died in hospital had significantly low­
er LVEF and arterial pH on the last examination 
before weaning. Nonsurvivors were also identi­
fied to have significantly higher values of creat­
inine, aspartate aminotransferase, INR, and ar­
terial lactate concentrations in the final analy­
sis before ECMO withdrawal. Univariable logis­
tic regression testing confirmed the association 
of in‑hospital mortality with elevated creatinine, 

therapy (Figure 1). No patient was lost to 12‑month 
follow‑up.

The leading causes of cardiocirculatory pathol­
ogy were valvular heart disease (39%), ischemic 
cardiomyopathy (31%), and dilated cardiomyop­
athy (14%). Over half of patients had a history 
of arterial hypertension (57%) and dyslipidemia 
(52%), which were the most common comorbid­
ities among many other noted (Supplementary 
material, Figure S1).

Slightly above one‑fourth (27%) of patients 
without prior history of cardiovascular pathol­
ogy required urgent MCS or surgery for de novo 
injury of the heart or great vessels (Figure 2), and 
16% of all patients experienced SCA up to 12 
hours before ECMO implantation. The majori­
ty of the cohort (79.8%) comprised surgical pa­
tients, and one‑fifth (20.2%) underwent ECMO 
support without preceding cardiac surgery. Spe­
cific indications for ECMO implantation are pre­
sented in Figure 3. Further meticulous analysis was 
performed considering in‑hospital survivors and 
nonsurvivors. Significant pre‑ECMO hospitaliza­
tion and clinical data in relation to in‑hospital 
mortality for the entire cohort, with distinction 
to hospital survivors and hospital nonsurvivors, 
are provided in Table 1.

Pre‑ECMO stage  The  median (IQR) age was 
58.7 (42.9–65.1) years, and hospital survivors 
were younger than nonsurvivors (median [IQR], 
55.8 [43.2–62.8] vs 60.3 [50.1–66.8] years; 
P = 0.007). Among concomitant conditions, 
insulin‑dependent diabetes mellitus, chronic kid­
ney disease with glomerular filtration rate below 

ACS treated
with CABG
(9 [17%]) 

 

 

Active endocarditis
(10 [19%])

 
 
 

Active
myocarditis
(9 [17%])

 

CS complicating ACS
(3 [6%])

 
 
 

Valve thrombosis
(1 [2%]) 

Septic shock (1 [2%])  

Undiagnosed
etiology of HF

(8 [15%]) 

 
 AAS

(6 [11%]) 

 VSD
(6 [11%]) 

 

Figure 2�  Main causes of acute cardiac injury in patients with no prior history of 
cardiovascular pathology (n = 53) 
Abbreviations: AAS, acute aortic syndrome; ACS, acute coronary syndrome; 
CABG, coronary artery bypass grafting; CS, cardiogenic shock; HF, heart failure; 
VSD, ventricular septal defect
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and limb ischemia (15%). In patients with hem­
orrhage, the occurrence of life‑threatening or 
major bleeding7 and the need for the associ­
ated resurgery were significantly more fre­
quent in nonsurvivors than in survivors. 
Moreover, nonsurvivors significantly more of­
ten bled from the postsurgical site as well as 
the ear-nose-throat area and gastrointestinal 
tract, and more often had stroke, intracranial 

bilirubin, aspartate aminotransferase, INR, and 
arterial lactate levels, as well as lower values of 
LVEF and arterial pH. Data from the prewean­
ing analysis are presented in Supplementary ma­
terial, Table S2.

Complications  The  most frequent adverse 
events associated with ECMO were bleeding 
(76%), infection (56%), neurologic injury (15%), 
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60 Figure 3�  Main 
indications for venoarterial 
extracorporeal membrane 
oxygenation implantation 
(n = 198). Other 
included: 2 cases of 
tamponade, 1 case of 
valve thrombosis, and 1 
case of septic shock 
Abbreviations: 
CBP, cardiopulmonary 
bypass; LCOS, low 
cardiac output syndrome; 
others, see Figure 2

TABLE 1  Patient baseline variables in relation to in‑hospital mortality

Variables MD 
(%)

All  
(n = 198)

Survivors  
(n = 69)

Nonsurvivors  
(n = 129)

P value ULR

OR (95% CI) P value

Age, y 0 58.7 (42.9–65.1; 
9.2–84.6)

56 (34.2–62.8; 
9.2–79.8)

60.3 (50.1–66.8; 
12.6–84.6)

0.007 1.025 (1.007–1.044) 0.007

Male sex 0 131 (66) 43 (62) 88 (68) 0.4 1.298 (0.704–2.393) 0.40

Body weight, kg 30 78 (65–88; 
41–125)

80 (65–90; 
41–125)

75 (65–85.75; 
43–120)

0.16 0.983 (0.963–1.004) 0.11

IDDM 0 12 (6) 1 (1) 11 (9) 0.045 6.393 (0.80–50.605) 0.08

CKD 0 78 (39) 26 (38) 52 (40) 0.003 1.117 (0.613–2.037) 0.72

CRRT 0 15 (8) 3 (4) 12 (9) 0.02 2.256 (0.615–8.285) 0.22

Bleeding diathesis 0 12 (6) 1 (1) 11 (9) 0.045 6.393 (0.80–50.605) 0.08

SCA before ECMO implantation 0 32 (16) 11 (16) 21 (16) 0.95 4.454 (2.272–8.732) <0.001

Admission to ECMO interval, d 0 3.6 (1.7–16.7; 
0.1–234)

2.4 (1.4–7.2; 
0.4–184)

4.2 (1.8–24.8; 
0.1–234.9)

0.003 1.02 (0.462–2.273) 0.95

Surgery to ECMO interval, d 0 0 (0–1.9; 
0–63.18)

0 (0–1.04; 
0–4.7)

0.3 (0–2.21; 
0–63.18)

0.17 1.0111 
(0.998–1.024)

0.09

Cannulation Peripheral 0 91 (46) 31 (45) 60 (47) 0.85 – –

Central 66 (33) 20 (29) 46 (36) 0.22 – –

Hybrid 41 (21) 17 (25) 24 (19) 0.34 – –

Categorical variables are presented as numbers (percentages) and were compared with the χ2 test. Continuous variables are presented as median 
(interquartile range; range) and were compared with the Mann–Whitney test. 

Abbreviations: CKD, chronic kidney disease; CRRT, continuous renal replacement therapy, IDDM, insulin‑dependent diabetes mellitus; MD, missing 
data; OR, odds ratio; RRT, renal replacement therapy; SCA, sudden cardiac arrest; ULR, univariable logistic regression; others, see Figure 1
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bridged to heart transplantation, and 18 (9.1%) 
to the implantation of ventricular assist device 
(Figure 1). A total of 69 patients (34.8%) survived 
until hospital discharge. The survival curve re­
mained at plateau at 6‑month follow‑up (34.8%) 
and only slightly decreased at 1 year following 
ECMO implantation (32.8%). The log‑rank test 
showed a difference in one‑year survival follow­
ing ECMO implantation between the surgical and 
nonsurgical ECMO groups (P = 0.037). However, 
no such relation was observed at 1 year following 
hospital discharge (P = 0.92) (Figure 4). In the fol­
low-up lasting up to 2020, the median (IQR) for 
the annual volume of ECMO implantation in our 
center was 43.5 (32.25–53.25) (Figure 5).

Discussion  Indications for ECMO  Persistent 
exceptionally high mortality rates among ECMO 
recipients are a clear indicator of the need for 
improvement in patient selection and device 
therapy management by clinicians. Random­
ized, double‑blind studies are particularly chal­
lenging to execute in this high‑risk population, 
and the primary evidence currently needs to be 
drawn mainly from registries and patient out­
come analysis.1,8

hemorrhage, limb ischemia, and fungal infec­
tion compared with survivors. Among compli­
cations during the course of ECMO, 8 variables 
were significantly associated with in‑hospital 
mortality in univariable logistic regression anal­
ysis: episodes of life‑threatening or major bleed­
ing, bleeding from the postcardiosurgical site, 
ear‑nose‑throat area, or lower respiratory, and 
gastrointestinal tract, fungal infection, and limb 
ischemia. Data concerning complications oc­
curring during the ECMO therapy are present­
ed in Table 3.

Outcome  No patient was lost to 12‑month follow­
‑up. In‑hospital mortality was 65.2% (129 pa­
tients). As many as 80 patients (40.4%) died dur­
ing ECMO, and 36 (18%) after the weaning from 
ECMO. Multiorgan failure was the most frequent 
cause of death (64%), followed by insufficient car­
diac regeneration (12%), neurologic impairment 
(11%), fatal bleeding (10%), and infection (3%). 
The median (IQR) duration of ECMO was 207.2 
(91.1–339.4) hours, with no significant disparity 
in the length of support among the 2 subgroups 
(P = 0.09). A total of 92 patients (46%) were suc­
cessfully weaned from ECMO, 8 (4%) were directly 

TABLE 2  On‑venoarterial extracorporeal membrane oxygenation (on‑ECMO) variables in relation to in‑hospital mortality

Variables MD 
(%)

All  
(n = 198)

Survivors  
(n = 69)

Nonsurvivors 
(n = 129)

P value ULR

OR (95% CI) P value

Mechanical ventilation

GCS after extubation 0 15 (14–15; 3–15) 15 (14–15; 12–15) 14 (14–15; 12–15) 0.001 0.838 (0.689–1.020) 0.08

Extubation on ECMO 0 110 (56) 60 (87) 50 (39) <0.001 0.106 (0.048–0.232) <0.001

MV time to 
extubation, h

0 45 (24–121; 
2–918)

29 (18–51; 6–267) 65 (29–160; 2–918) <0.001 1.007 (1.003–1.011) 0.001

Total MV time, h 0 68 (29–217; 
2–1842)

35 (19–78; 6–645) 120 (40–286; 2–1842) <0.001 1.006 (1.003–1.009) <0.001

Re‑intubation on ECMO 0 46 (23) 12 (17) 34 (26) <0.001 4.093 (1.870–8.958) <0.001

Tracheostomy 0 15 (8) 0 15 (12) 0.003 – –

Hemodiafiltration

CRRT 0 94 (47) 24 (35) 70 (54) 0.004 2.431 (1.321–4.471) 0.004

Unloading LV

IABP 0 62 (31) 28 (41) 34 (26) 0.06 0.547 (0.294–1.018) 0.06

LV vent 0 11 (6) 3 (4) 8 (6) 0.56 1.492 (0.383–5.815) 0.57

Rashkind procedure 0 7 (4) 4 (6) 3 (2) 0.23 0.4 (0.087–1.840) 0.24

Echocardiographic parameters

LVEF, % 2 15 (10–20; 5–65) 15 (10–20; 5–60) 15 (10–20; 5–65) 0.41 0.995 (0.972–1.019) 0.7

RV dysfunction 4 53 (28) 16 (25) 37 (29) 0.723 0.877 (0.424–1.813) 0.72

Laboratory parameters

Platelet count, 
× 1000/µl

3 89.5 (67–134; 
7.2–455)

95 (73–146;  
25–455)

85.5 (58–123; 
7.2–266)

0.025 0.994 (0.989–0.999) 0.026

Lactate, mmol/l 10 3.3 (2–10.4; 
0.33–27.5)

2.71 (1.7–4.86; 
0.33–15.9)

5 (2.3–11.7;  
1–27.5)

0.001 1.125 (1.041–1.216) 0.003

INR 2 1.47 (1.27–1.87; 
1.03–6.24)

1.35 (1.23–1.6; 
1.04–3.34)

1.57 (1.37–1.99; 
1.03–6.24)

<0.001 3.639 (1.591–8.325) 0.002

Categorical variables are presented as numbers (percentages) and were compared with the χ2 test. Continuous variables are presented as median 
(interquartile range; range) and were compared with the Mann–Whitney test. 

Abbreviations: GCS, Glasgow Coma Scale; IABP, intra‑aortic balloon pump; INR, international normalized ratio; LV, left ventricle; LVEF, left ventricular 
ejection fraction; MV, mechanical ventilation; RV, right ventricle; others, see Table 1 and Figure 1
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for the annual center volume from the recent 
2020 European Extracorporeal Life Support Or­
ganization annual report (18 cases per center).8

The majority of patients with refractory CS 
simply die if left untreated, and ECMO is a plau­
sible treatment option concerning speed, circu­
latory support potency, and cost‑effectiveness.9 
Therefore, it is the preferred method of MCS in 

This study analyzed the  real‑world use of 
ECMO at a high‑volume cardiosurgical reference 
center, reinforcing the complexity and difficulty 
of patient selection and management dilemmas 
in MCS therapy. The median (IQR) for the annu­
al volume of ECMO implantation in our center in 
years 2013 to 2020 was 43.5 (32.25–53.25), which 
was more than twice the number of the median 

Figure 4�  Kaplan–Meier survival curves for overall survival following ECMO implantation (A) and hospital discharge (B). Mortality was the highest 
following ECMO implantation during hospitalization (survival rate, 34.8%), while survival remained stable following discharge to one‑year follow up 
(survival rate, 94.2%). C, D – Kaplan–Meier survival curves stratified according to groups of indication (postcardiotomy [C] vs cardiogenic shock [D]). 
Patients with postcardiotomy cardiogenic shock had a significantly lower out‑of‑hospital survival rate than those with decompensated heart failure 
(32.3% vs 45%, C). No difference in 1‑year survival between groups was noted following discharge (D). 
Abbreviations: see Figure 1
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Earlier studies identified several significant pre­
dictors of in‑hospital mortality among preimplan­
tation factors. A recent analysis by Salna et al,13 
including 355 patients treated with VA ECMO, 
found that age over 72 years was an independent 
predictor of mortality, associated with a high­
er prevalence of comorbidities, including coro­
nary disease, previous strokes, and chronic kid­
ney disease. Our findings confirmed previous re­
ports that older age was an independent risk fac­
tor for increased in‑hospital mortality (OR, 1.02; 
P = 0.007). Chronic conditions such as diabetes 
and kidney disease were significantly more fre­
quent among nonsurvivors, but with only a strong 
trend for poorer survival in univariable logistic 

an acute setting at our institution. The implant­
ed ECMO circuit is selected to serve as a bridge 
to cardiac recovery, durable left ventricular as­
sist device implantation, heart transplantation 
or, in the case of uncertainty, allows further eval­
uation and diagnostic tests before ensuing ther­
apeutic decisions.9,10

Preimplantation risk factors  The population of 
patients who required ECMO support has been 
previously characterized as high‑risk, with a high 
prevalence of underlying chronic cardiac, pulmo­
nary and kidney diseases,8,11-13 which were like­
wise widespread in our cohort (Table 1 and Sup­
plementary material, Figure S1).

TABLE 3  Complications during venoarterial extracorporeal membrane oxygenation therapy in relation to in‑hospital mortality

Variables All  
(n = 198)

Survivors 
(n = 69)

Nonsurvivors 
(n = 129)

P value ULR

OR (95% CI) P value

Bleeding adverse event

Bleeding 
incident type

Overt bleeding episode 151 (76) 48 (70) 103 (80) 0.105 1.733 (0.887–3.385) 0.11

Life‑threatening or disabling 
bleeding episode

101 (51) 24 (35) 77 (60) <0.001 2.946 (1.599–5.430) 0.001

Major bleeding 79 (40) 18 (26) 61 (47) 0.002 2.323 (1.260–4.283) 0.007

Minor bleeding 76 (38) 26 (38) 50 (39) 0.78 1.088 (0.595–1.990) 0.78

Resurgery due to bleeding 76 (38) 23 (33) 53 (41) 0.23 1.56 (0.864–2.818) 0.14

Bleeding 
location

ECMO cannulation site 88 (44) 27 (39) 61 (47) 0.23 1.447 (0.795–2.635) 0.23

Surgical site 84 (42) 20 (29) 64 (50) 0.003 2.529 (1.352–4.732) 0.004

Tamponade 39 (20) 17 (25) 22 (17) 0.231 0.647 (0.316–1.323) 0.23

Ear, nose, throat 26 (13) 3 (4) 23 (18) 0.006 4.913 (1.419–17.013) 0.012

Urinary tract 11 (6) 1 (1) 10 (8) 0.06 5.862 (0.734–46.797) 0.09

Pleural space 23 (12) 8 (12) 15 (12) 0.949 1.03 (0.413–2.568) 0.95

Lower respiratory tract 20 (10) 2 (3) 18 (14) 0.012 5.583 (1.255–24.832) 0.024

Gastrointestinal tract 24 (12) 2 (3) 20 (16) 0.041 3.066 (1.003–9.369) 0.049

Hemoptysis 6 (3) 2 (3) 4 (3) 0.915 1.098 (0.196–6.154) 0.92

Neurologic injury

Ischemic stroke 20 (10) 3 (4) 17 (13) 0.044 3.431 (0.969–12.155) 0.06

ICH 9 (5) 0 9 (7) 0.023 – –

Infection

Infection 112 (57) 38 (55) 74 (57) 0.62 1.161 (0.642–2.099) 0.62

Microbiological confirmation 56 (28) 17 (25) 39 (30) – – –

Fungal etiology 14 (7) 1 (1) 13 (10) 0.019 8.141 (1.039–63.786) 0.046

Localization of infection Most common etiology

Blood bacteriemia 39 (20) Staphylococcus spp, Klebsiella spp

Pneumonia 19 (10) Klebsiella spp, Staphylococcus spp, Pseudomonas spp

ECMO insertion site 7 (4) Klebsiella spp, Enterococcus spp

Postsurgical site 7 (4) Staphylococcus spp, Enterococcus spp

Diarrhea 4 (2) Clostridium difficile

Urinary tract 3 (2) Escherichia spp, Enterococcus spp

Peripheral ischemic adverse events

Limb ischemia 30 (15) 3 (4) 27 (21) 0.001 6.061 (1.766–20.798) 0.004

Limb amputation 5 (3) 1 (1) 4 (3) 0.46 2.248 (0.246–20.519) 0.47

Peripheral thrombosis / embolization 6 (3) 3 (4) 3 (2) 0.44 0.533 (0.105–2.715) 0.45

Categorical variables are presented as numbers (percentages) and were compared with the χ2 test. Continuous variables are presented as median 
(interquartile range; range) and were compared with the Mann–Whitney test.

Abbreviations: ICH, intracranial hemorrhage; others, see Table 1 and Figure 1
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of respiratory complications were found to con­
fer risk for in‑hospital mortality among our pa­
tients. Those who required a longer time of me­
chanical ventilation to the first extubation and 
longer total time of mechanical ventilation, as 
well as those requiring reintubation or tracheos­
tomy, were less likely to survive (Table 2). Pneu­
monia complicated the clinical course in 10% of 
patients, with Klebsiella and Staphylococcus spe­
cies being responsible for most of the positive 
cultures obtained (Table 3).

An important prognostic factor for in‑hospital 
mortality was AKI requiring RRT (OR, 2.4; 
P <0.004). Continuous RRT is the preferred meth­
od for hemodynamically unstable patients.27 Ini­
tiation of dialysis was individualized based on 
the fluid overload level and development of met­
abolic disorders associated with AKI. A couple of 
studies analyzed the incidence and outcomes of 
AKI and RRT during ECMO, providing differing 
results. The occurrence of AKI among ECMO re­
cipients was reported between 30% and 70%.28-31 
The need for concomitant RRT and ECMO in our 
study was 47%. In an analysis of 135 critically ill 
adults treated with ECMO, Antonucci et al32 also 
reported the use of RRT in 47%, while no asso­
ciation with increased mortality was confirmed. 
However, in line with our observations, several 
studies28-30 noted higher mortality in patients re­
ceiving joint RRT and ECMO than those on ECMO 
alone. The heterogeneous structure of these stud­
ies must be considered, along with the possible 
overall higher disease severity in those present­
ing with acute renal failure. It can be assumed 
that, rather than the use of RRT alone, AKI itself 
is a substantial risk factor of mortality.

Weaning from ECMO  Nearly half (46.5%) of all our 
patients were successfully weaned from ECMO, 
which is in line with previous studies reporting 
successful weaning rates of 28% to 63%.10,33-35 
Rastan et al11 assessed 517 adult patients receiv­
ing ECMO support for postcardiotomy CS and re­
ported a high successful weaning rate of 63.3%. 
However, over half of the weaned patients died 
during hospitalization, and less than one‑third 
(24.8%) was discharged from the hospital. We 
confirmed a slightly lower but persistently high 
death rate among ECMO‑weaned patients dur­
ing hospitalization, reaching 39%. The leading 
cause of death were: multiorgan failure, neuro­
logic complications, insufficient cardiac recovery, 
infection, and bleeding complications (Figure 1). 
As shown in Supplementary material, Table S2, 
several preweaning risk factors were identified to 
significantly influence hospital mortality. Elevat­
ed creatinine, bilirubin, INR, and lactate levels 
are markers of the severity of multiorgan impair­
ment, which are usually present simultaneously 
and represent internal interrelationship between 
organs, generating an additive harmful effect on 
clinical status. The abovementioned parameters 
are well‑known risk factors of decreased surviv­
al in intensive care patients.36,37

regression analysis. We additionally found that 
the overall critical preimplantation status with 
multiorgan failure was a stronger predictor of 
in‑hospital death than age (OR, 4.45; P <0.001). 
Nevertheless, no particular risk factor related to 
the latter (mechanical ventilation, intra‑aortic 
balloon counterpulsation, or CPR prior to ECMO 
implantation) was individually associated with 
in‑hospital mortality (Supplementary material, 
Table S1). The results underscore the difficulty and 
inconsistency in identifying unique constant pre­
implantation mortality risk factors within such 
a heterogeneous population of ECMO candidates.

There is an increasing number of reports of 
ECMO use in urgent clinical conditions such as 
SCA and CS. In a recent metanalysis of 3098 pa­
tients treated for SCA by Ouweneel et al,14 it 
was associated with an increased survival rate 
and an increase in a favorable neurological out­
come. In our study, as many as 32 patients who 
experienced SCA and another 53 who were ad­
mitted to the hospital with acute cardiac injury 
(Figure 3) required prompt cardiocirculatory re­
vival and bridging with ECMO. Moreover, SCA 
treated with ECMO in our series was not asso­
ciated with increased in‑hospital mortality (OR, 
1.02; P = 0.95), showing a satisfactory survival­
‑to‑discharge rate of 34%, comparable to previous 
studies of in‑hospital SCA in which the reported 
values ranged from 19% to 60%.15-17 On the con­
trary, in a large meta‑analysis of in‑hospital SCA 
with conventional resuscitation conducted by 
Girotra et al,18 the overall survival rate to dis­
charge was 17% (14 357/84 625). Extracorporeal 
CPR is hoped to offer better outcomes than con­
ventional CPR for in‑hospital SCA. However, ran­
domized studies are needed.

Postimplantation management and risk factors  Re­
spiratory complications are a well‑known det­
rimental factor of prolonged hospitalizations 
and increased in‑hospital mortality for postsur­
gical patients and those with heart failure.19-24 
At our center, we prioritize early extubation af­
ter ECMO implantation, which is executed after 
the weaning from sedation, if the patient has no 
signs of altered mental status, and the process 
of weaning from the ventilator is uncomplicat­
ed. The summary of the “Awake ECMO” strategy 
by Langer et al25 describes several benefits of re­
duced mechanical ventilation time, with the key 
being the prevention of ventilator‑induced dia­
phragm dysfunction and ventilator‑associated 
pneumonia. Recently, Youn et al26 reported in­
‑hospital mortality rates for deferred extubation 
(>48 hours) and early extubation (≤48 hours) in 
ECMO patients, as 24.4% and 8.3%, respective­
ly. In our study, the median time of mechanical 
ventilation to first extubation of all patients was 
45 (2–918) hours, and 28% were extubated in less 
than 24 hours after ECMO implantation, which 
supports the adherence to the early extubation 
protocol, whenever possible. However, in line 
with the study by Youn et al,26 the occurrences 
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the most catastrophic adverse event among our 
patients with 100% hospital mortality.

Outcomes  Approximately 20 055 patients have 
been treated for cardiac support, with survival­
‑to‑discharge rates of 45% for adults, according 
to the 2020 Extracorporeal Life Support Orga­
nization registry report.8 Comparably with oth­
er studies,8,34,45 our in‑hospital, 6‑month, and 
1‑year mortality rates were 65.2%, 65.2%, and 
67.2%, respectively.

The study cohort comprised mixed etiologies of 
cardiocirculatory instability, surgical (79.8%) and 
nonsurgical (20.2%). Patients with postcardiot­
omy CS had a significantly lower out‑of‑hospital 
survival rate of 32.3% than those with decom­
pensated heart failure (45%; log‑rank P = 0.037) 
(Figure 4). Keeping in mind the modest size of 
the latter group (40 patients) and the possible se­
lection bias, it adds to the limited available data 
regarding a series of unselected patients with 
acutely decompensated heart failure treated with 
VA ECMO, where survival to hospital discharge 
varies from 40% to 50%34,46,47

Nearly half of all patients (92 [46.5%]) were 
successfully weaned from ECMO, but more than 
one third (36 [39%]) of the weaned patients died 
during hospitalization. These data underscore 
the significant overall morbidity and mortality 
within this population, enduring after treating 
the acute cardiovascular incident with VA ECMO. 
The association of mortality with the coexisting 
multiple organ injury is apparent, as the major­
ity of patients (61%) died owing to multiorgan 
failure after ECMO withdrawal.

In approximately 1 in 10 patients, ECMO was 
a bridge to heart transplantation, either after 
direct bridging or following an ECMO period of 
ventricular assist device support (Figure 1). Post­
transplantation survival to discharge in cardiac 
graft recipients with pretransplant ECMO was 
68%, and all of the discharged patients were alive 
6 and 12 months postimplantation. Our results 
are comparable with previous reports, in which 
hospital survival of heart transplant recipients 
with pretransplant ECMO varied from 40% to 
91.2%.48-50 Such survival rates in patients initial­
ly treated for prognostically fatal CS are appeal­
ing and endorse further use of this therapy line 
in all eligible candidates.

Limitations of the study  The main limitation of 
the study is its retrospective design. Although 
the study population was matched quite well to 
the assessed issue, the outcomes and conclu­
sions are related to a single‑center experience 
and should be viewed in this context and treat­
ed with caution.

Conclusion  While no particular preimplantation 
organ damage was prognostic for hospital mor­
tality, a coexisting multiple organ injury result­
ed in poor prognosis at any stage of treatment. 
No predictive value was found in the duration 

We also noticed that myocardial recovery as­
sessed by the measurement of preweaning LVEF 
was an additional significant factor of successful 
weaning and survival to hospital discharge after 
ECMO explantation (Supplementary material, Ta-
ble S2). In our series, preweaning LVEF of hospital 
survivors was 35% versus 20% in those who died 
during hospitalization (P = 0.049). Fiser et al34 re­
ported that patients with LVEF below 30% were 
significantly less likely to be weaned from ECMO 
than those with LVEF above 30%. LVEF measure­
ment, as a fundamental echocardiographic param­
eter, is a standard step in the different weaning 
algorithms already described.34,38-40

Complications  In our experience, similarly to 
previous reports, ECMO therapy is associated 
with a myriad of possible complications8,9,11,12 
(Table 3). Bleeding was the most common ad­
verse event in our study, with an  incidence 
of 76%. Such a high rate may be explained by 
a high proportion of postcardiotomy patients 
(79.7%). Postoperative bleeding is widespread 
in the abovementioned cohort, ranging from 3% 
to 79% in previous studies,12,41,42 influenced by 
surgical trauma and varying severity of acquired 
postsurgical coagulopathy, on top of hepatic and 
kidney dysfunction arising in CS. Additionally, 
ECMO itself has been associated with the induc­
tion of specific coagulopathy due to hemolysis, 
thrombocytopenia, acquired von Willebrand syn­
drome, and disseminated intravascular coagulop­
athy.8,9,41,43 In our patients, hemorrhages main­
ly occurred from cannulation and surgical sites 
(Table 3). Life‑threatening and major bleeds7 were 
strong, single univariable risk factors of hospital 
mortality (OR, 2.95 and OR, 2.66, respectively; 
Table 3). Notably, 85% of those most hazardous 
bleeding complications affected the postcardi­
otomy group, and bleeding from the postsurgi­
cal site significantly impacted hospital mortali­
ty (OR, 2.53; Table 3). As many as 38% of all pa­
tients required resurgery due to uncontrollable 
bleeding, with most of them (88%) being post­
surgical patients. Our results are comparable 
with the single‑center report by Rastan et al11 
in which 58% of patients required reinterven­
tion because of excessive bleeding, as well as to 
the recent meta‑analysis of 20 studies (includ­
ing 1866 patients) reporting 41% patients with 
major or pronounced bleeding and 42% requir­
ing thoracotomy for bleeding or tamponade.44

A broad spectrum of neurologic complications 
in ECMO patients is well reported, comprising dif­
ferent levels of cognitive impairments, strokes, 
and intracerebral hemorrhages.8,11,12,33,35,37,41,44 
The most frequent cerebrovascular disorder in 
our series was ischemic stroke affecting 1 in 10 
patients receiving the ECMO therapy. Ischemic 
stroke significantly influenced hospital mortal­
ity in our study and is a well‑known risk factor 
for cognitive impairment and deteriorated quali­
ty of life in the long‑term follow‑up. Intracerebral 
hemorrhage with an overall incidence of 4.5% was 
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of VA ECMO. An increasing bleeding complica­
tion rate significantly influenced morbidity and 
mortality. Nevertheless, the survival benefit of 
ECMO therapy in the population of patients with 
CS endorses its future use, despite the associat­
ed interferences.
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