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Background: Extracorporeal membrane oxygenation (ECMO) is an important rescue therapy for patients 
with refractory respiratory or circulatory failure. High cost and associated complications warrant careful case 
selection. The aim of this study was to investigate the outcomes and factors associated with mortality in acute 
hypoxemic respiratory failure patients who received ECMO support, and to externally validate preexisting 
ECMO survival prediction scoring systems.
Methods: This retrospective study enrolled acute hypoxemic respiratory failure patients who received 
veno-venous (VV) or veno-arterial (VA) ECMO support at Siriraj Hospital (Bangkok, Thailand) from 
2010 to 2020. All relevant baseline patient characteristics including ECMO survival prediction scores were 
recorded. The primary outcome was in-hospital mortality. Multivariate logistic regression analysis was 
employed to identify independent predictors of in-hospital mortality.
Results: Of a total of 65 patients, 34 (52%) were male, the median (IQR) age was 61 years (49–70 years), 
the median body mass index (BMI) was 22.6 kg/m2 (20.6–28 kg/m2), and the median Sequential Organ 
Failure Assessment (SOFA) score was 13 [11–16]. Forty-three patients (66%) received VV-ECMO, and 
22 (34%) received VA-ECMO support. In-hospital mortality was 69%. Multivariate analysis identified a 
SOFA score >14, hospitalized >72 hours before ECMO initiation, PaO2/FiO2 ratio <60, and pH <7.2 as 
independent predictors of in-hospital mortality. These four parameters were combined to create the SHOP (S: 
SOFA >14, H: hospitalize >72 hours, O: PF ratio <60, and P: pH <7.2) score. Compared with three different 
preexisting ECMO survival prediction scoring systems, the SHOP score had the highest area under the 
curve (AUC) for predicting in-hospital mortality (overall: 0.873, VV-EMCO: 0.866, and VA-EMCO: 0.891).
Conclusions: In-hospital mortality among ECMO-supported patients was high at 69%. SOFA score 
>14, hospitalized >72 hours, PaO2/FiO2 ratio <60, and pH <7.2 were found to be independent predictors of 
in-hospital mortality. A SHOP score of 2 or higher significantly predicts in-hospital mortality in EMCO-
supported patients.
Trial Registration: www.clinicaltrials.gov (reg. No. NCT 04031794).
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Introduction

Extracorporeal membrane oxygenation (ECMO) is an 
effective rescue therapy for critically ill patients suffering 
from ventilatory or circulatory failure (1). In most situations, 
ECMO is recommended for patients who are refractory to 
conventional treatment. The goal of ECMO treatment is 
to maintain oxygenation and organ perfusion until recovery 
or while awaiting definitive therapy for potential reversible 
illness. Veno-venous ECMO (VV-ECMO) was reported 
to be effective in treating acute refractory hypoxemic 
respiratory failure (2,3), and veno-arterial ECMO (VA-
ECMO) was reported to confer benefit in treatment 
of cardiogenic shock, septic shock, massive pulmonary 
embolism, and during extracorporeal cardiopulmonary 
resuscitation (E-CPR) (4-6).

A recent meta-analysis showed improvement in mortality 
rates among severe acute respiratory distress severe 
syndrome (ARDS) patients (7); however, ECMO support 
is expensive and requires a specialized and experienced 
team. Moreover, serious complications, including bleeding 
from cannulation site, intracranial hemorrhage, systemic 
embolization, and acute renal failure (requiring renal 
replacement therapy) frequently develop, and these 
complications are associated with high morbidity and 
mortality (8). Proper case selection for the initiation of 
ECMO support is therefore essential.

Several mortality prediction scoring systems for patients 
on ECMO support have been developed, including 
the Predicting Death for Severe ARDS on VV-ECMO 
(PRESERVE) score (9), the Respiratory Extracorporeal 
Membrane Oxygenation Survival Prediction (RESP) 
score (10), and the PREdiction of Survival on ECMO 
Therapy (PRESET) score (11). Despite their proven ability 
to project mortality in this clinical setting, these scores 
were developed using ECMO data collected mainly from 
hospitals in developed countries. It is, therefore, possible 
that data from the developing world could be comparatively 
different, which could adversely influence the accuracy of 
ECMO survival prediction. Accordingly, the aim of this 
study was to investigate the outcomes and factors associated 
with mortality in acute hypoxemic respiratory failure 
patients who received ECMO support, and to externally 
validate a preexisting ECMO survival prediction scoring 
system.

We present the following article in accordance with 
the STROBE reporting checklist (available at https://jtd.
amegroups.com/article/view/10.21037/jtd-21-1460/rc).

Methods

Study design and population

This retrospective cohort study was conducted at the 
Division of Critical Care of the Department of Medicine, 
Faculty of Medicine Siriraj Hospital, Mahidol University, 
Bangkok, Thailand from September 2010 to February 
2021. The study enrolled adult patients aged 18 years old or 
older who had acute severe hypoxemic respiratory failure, 
and who underwent either VV-ECMO or VA-ECMO 
support in the medical or surgical intensive care unit (ICU). 
Acute severe hypoxemic respiratory failure was defined as 
including all of the following: (I) onset of severe hypoxemia 
≤7 days, (II) PF ratio [partial pressure of oxygen (PaO2)/
fraction of inspired oxygen (FiO2)] ≤100, (III) mechanical 
ventilation with FiO2 ≥0.8, and (IV) positive end-expiratory 
pressure (PEEP) ≥8 cmH2O or refractory hypoxemia 
unresponsive to PEEP titration. Patients who had ECMO 
support for post-cardiac surgery, for postoperative coronary 
artery bypass, and as bridging therapy for heart or lung 
transplantation were excluded. Patients with known chronic 
or end-stage lung disease were also excluded.

Ethical consideration and data collection

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The Siriraj 
Institutional Review Board approved the protocol for 
this study (approval number Si 203/2018). Due to the 
study’s retrospective design, written informed consent 
was not required. Electronic case record forms of all 
enrolled patients were reviewed. The following data were 
collection: baseline demographic data, coexisting disease, 
ICU admission diagnosis, ECMO indications, mechanical 
ventilator setting, hemodynamic parameters, arterial blood 
gas analysis, and complications associated with ECMO. 
Adjunctive therapy, including the use of the prone position, 
neuromuscular blocking agents, recruitment maneuver, 
and renal replacement therapy, was also recorded. 
Critical illness severity scores, SOFA scores and Acute 
Physiology and Chronic Health Evaluation (APACHE) II 
scores, together with ECMO survival prediction scores, 
including PRESERVE scores, RESP scores, and PRESET 
scores were calculated using the worst parameters within  
24 hours before ECMO cannulation (9-11). ECMO 
duration, the number of ventilator-dependent days, and 
ICU and hospital length of stay was also recorded. Rate of 
in-hospital mortality was the primary outcome.

https://jtd.amegroups.com/article/view/10.21037/jtd-21-1460/rc
https://jtd.amegroups.com/article/view/10.21037/jtd-21-1460/rc
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Statistical analysis

All continuous variables were tested for normal distribution 
using the Kolmogorov-Smirnov test. Variables that deviated 
from the normal distribution are reported as median and 
interquartile range (IQR). Variables with normal distribution 
are shown as mean plus/minus standard deviation (SD). 
Comparison of non-normal distribution variables was 
performed by the Mann-Whitney U test, while Student’s 
t-test was used for variables with a normal distribution. The 
categorical variables are shown as a number and percentage, 
and those comparisons were made using either the chi-
square test or Fisher’s exact test. Receiving operating 
characteristic (ROC) curve analysis was performed to 
identify cut-off values among the continuous variables that 
showed significant difference between groups. The optimal 
cut-off point for each variable of interest was determined 
using the Youden index (12). Continuous variables were 
then classified into positive or negative groups according 
to the cutoff point. Univariate analysis was used to identify 
possible predictors of in-hospital mortality. A univariate 
analysis was performed on all baseline clinical parameters 
that showed significant differences between surviving and 
deceased patients. For the continuous variables, an ROC 
curve analysis was performed to identify a cut-off value, as 
mentioned above, before performing a univariate analysis. 
Variables with a P value less than 0.1 in the univariate 
analysis were included in a multivariate logistic regression 

analysis. A P value less than 0.05 was considered statistically 
significant. Statistical Package for the Social Sciences (SPSS) 
version 18.0 (IBM Corporation, Armonk, NY, USA) was 
used for all statistical analyses.

Results

During the study period, 81 patients received ECMO 
support. Sixteen patients were excluded as follows: 
eight post-cardiac surgery, four post-cardiac arrest 
from documented cardiac causes, and four patients who 
underwent ECMO as bridging therapy for heart and/or lung 
transplantation. The remaining 65 patients who received 
ECMO support for acute hypoxemic respiratory failure 
were enrolled in this study (Figure 1). Patient baseline 
characteristics are shown in Table 1. The overall median 
age was 61 years (IQR: 49–70 years), the median BMI was 
22.6 kg/m2 (IQR: 20.6–28.0 kg/m2), the median APACHE 
II score was 27 (IQR: 24–30), and the median SOFA 
score was 13 (IQR: 11–16). Hypertension (HT) was the 
leading underlying condition, followed by diabetes mellitus 
(DM) and chronic kidney disease (CKD). ARDS was the 
leading diagnosis of acute hypoxemic respiratory failure 
(49/65, 75.4%), followed by septic shock (10/65, 15.4%). 
Hospital survivors had lower illness severities as measured 
by APACHE II, SOFA, PRESERVE, RESP, and PRESET 
scores. Pulmonary embolism was diagnosed in a significant 
higher proportion of survivors compared to non-survivors 

Figure 1 Flow diagram describing the screening, enrollment and patients’ outcome. ECMO, extracorporeal membrane oxygenation.

81 ECMO support patients were screened

65 ECMO support patients were enrolled

43 Veno-venous ECMO support patients 22 Veno-arterial ECMO support patients

14 patients 
survived

29 patients 
died

6 patients 
survived

16 patients 
died

16 patients were excluded
• 8 post cardiac surgery patients
• 4 post cardiac arrest patients
• 4 bridging ECMO for organ transplantation

https://en.wikipedia.org/wiki/Kolmogorov%25E2%2580%2593Smirnov_test
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[4/20 (20%) vs. 2/45 (4.4%), P=0.046]. All pulmonary 
embolism patients presented with refractory hypoxemia, 
followed by low blood pressure, then received VA- ECMO 
support for circulatory failure and refractory hypoxemia. 
Median ventilator-dependent days {1 [1–2] vs. 2 [2–4] days,  
P=0.07} and hospital admission days {1 (IQR: 1–2) vs. 
4 (IQR: 1–11) days, P=0.06} before ECMO initiation 
were significantly shorter among survivors compared 
to non-survivors .  Patient vital  s igns,  mechanical 
ventilator setting, blood gas analysis, and respiratory 

management before ECMO initiation are shown in 
Table 2. There was no significant difference in baseline 
body temperature, heart rate, mean arterial pressure, 
central venous pressure, or ventilator setting between 
groups. Survivors had a significantly higher median 
arterial blood pH [7.29 (IQR: 7.22–7.38) vs. 7.20 (IQR: 
7.13–7.30), P=0.04], PaO2 [70 (IQR: 60–140) vs. 55 (IQR: 
44–71); P<0.001], and PF ratio {73 (IQR: 61–141) vs. 58 
[47–75]; P=0.001} than those who died in the hospital. 
However, significantly lower baseline serum lactate 

Table 1 Baseline characteristics of all patients, and compared between those who survived and those who died

Characteristics All (N=65) Survived (n=20) Died (n=45) P

Age (years) 61 [49–70] 61 [48–70] 61 [50–70] 0.92

Male gender 34 (52.0%) 11 (55.0%) 23 (51.1%) 0.77

Body mass index (kg/m2) 22.6 (20.6–28.0) 24.4 (20.9–29.3) 22.5 (19.7–27.5) 0.37

Severity score

APACHE II score 27 [24–30] 26 (19–27.8) 28 [25–32] 0.03*

SOFA score 13 [11–16] 12 [10–13] 14 [11–16] 0.02*

PRESET score 7 [6–9] 6 [4–7] 8 [7–11] <0.001*

PRESERVE score 5 [4–6] 4 [3–5] 5 [4–6] 0.04*

RESP score 1 [−1 to 2] 2 [1–4] 0 [−3 to 2] 0.001*

Underlying conditions

Hypertension 44 (67%) 15 (75%) 29 (64.4%) 0.40

Diabetes mellitus 25 (38%) 9 (45%) 16 (35.6%) 0.47

Chronic kidney disease 15 (23%) 5 (25%) 10 (22.2%) 0.81

Coronary arterial disease 9 (14%) 4 (20%) 5 (11.1%) 0.34

Malignancy 8 (12%) 3 (15%) 5 (11.1%) 0.66

Diagnosis, n (%)

ARDS 49 (75.3) 14 (70) 35 (77.8) 0.52

Severe pneumonia 40 (61.5) 12 (60) 28 (62.2) 0.87

Sepsis from other source 9 (13.8) 2 (10) 7 (15.6) 0.49

Septic shock 10 (15.4) 2 (10) 8 (17.8) 0.35

Pulmonary embolism 6 (9.2) 4 (20) 2 (4.4) 0.046*

Ventilator days before ECMO 1 [1–4] 1 [1–2] 2 [1–4] 0.07

Hospital days before ECMO 2 [1–8] 1 [1–2] 4 [1–11] 0.06

Data presented as median and interquartile range or number and percentage. *, a P value <0.05 indicates statistical significance. APACHE 
II, Acute Physiology and Chronic Health Evaluation score; SOFA, Sequential Organ Failure Assessment score; PRESET, PREdiction of 
Survival on ECMO Therapy score; PRESERVE, Predicting Death for Severe ARDS on VV-ECMO score; RESP, Respiratory Extracorporeal 
Membrane Oxygenation Survival Prediction score; ARDS, acute respiratory distress severe syndrome; ECMO, extracorporeal membrane 
oxygenation.
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[2.2 (IQR: 1.4–4.5) vs. 4.4 (IQR: 2.1–13.2) mmol/L;  
P=0.04] was observed in the survivor group.

Both groups showed the same leading indications for 
ECMO support. These included severe hypoxemia followed 
by E-CPR and refractory shock. VV-ECMO was used for 
43 patients, and 14 of them survived to hospital discharge, 
while VA-ECMO was used for 22 patients and 6 survived 
to hospital discharge. There was no significant difference 
between the proportion of patients who received VV-
ECMO or VA-ECMO between the survivor and non-
survivor groups (Table 3). Mechanical ventilator-dependent 

days, ECMO support duration, ICU length of stay, and 
hospital length of stay were all significantly longer in the 
survivor group. The most common complication associated 
with ECMO support was bleeding at the puncture site 
(23%), followed by limb ischemia, intracranial bleeding, 
and gastrointestinal bleeding (Table 3).

ROC curve analysis was used to identify the cut-off 
values of the continuous variables that showed significant 
difference between the survivor and non-survivor groups. 
All clinically relevant variables, including baseline APACHE 
II score, SOFA score, quantity of hospital admission days 

Table 2 Patient vital signs, mechanical ventilator setting, blood gas analysis, and respiratory management before ECMO initiation

Parameters All (N=65) Survived (n=20) Died (n=45) P

Body temperature (℃) 36.5 (35.9–37.4) 36.9 (36.3–37.8) 36.5 (35.7–37.3) 0.12

Heart rate (beats/min) 112 [99–128] 114 [91–125] 111 [100–129] 0.73

Mean arterial pressure (mmHg) 74 [65–89] 84 [64–97] 74 [65–87] 0.18

Central venous pressure (mmHg) 14 [12–21] 13 [12–20] 13 [11–16] 0.69

Lactate (mmol/L) 3.9 (1.9–10.7) 2.2 (1.4–4.5) 4.4 (2.1–13.2) 0.04*

Platelet (×103/mL) 147 [86–213] 173 [100–234] 143 [77–215] 0.18

Ventilator setting before ECMO

PIP (cmH2O) 30 [28–37] 30 [23–36] 32 [28–38] 0.12

PEEP (cmH2O) 10 [8–14] 8 [5–16] 10 [8–14] 0.23

Tidal volume (mL/kg) 6 [5–7] 6.5 (4.5–7.8) 6.3 (5.2–7.0) 0.81

Respiratory rate (time/min) 30 [24–35] 32 [24–34] 30 [24–35] 0.83

Minute ventilation (L/min) 11 [8–14] 11 [9–13] 10 [7–14] 0.41

FiO2 1 [1–1] 1 (0.9–1) 1 [1–1] 0.27

Arterial blood gas before ECMO

pH 7.22 (7.17–7.34) 7.29 (7.22–7.38) 7.20 (7.13–7.30) 0.04*

PaO2 60 [49–77] 70 [60–140] 55 [44–71] <0.001*

PaCO2 50 [36–63] 40 [31–53] 52 [41–66] 0.07

HCO3 21 [17–24] 19 [15–21] 22 [18–25] 0.12

PF ratio 63 [51–84] 73 [61–141] 58 [47–75] 0.001*

Rescue therapy, n (%)

Prone position 8 (12.3) 2 (10.5) 6 (13.3) 0.76

Recruitment maneuver 25 (38.4) 9 (45) 16 (35.6) 0.47

Neuromuscular blocking agents 37 (56.9) 16 (80) 36 (80) 0.99

Renal replacement therapy 40 (61) 8 (40) 32 (71.1) 0.02*

All data presented as median and interquartile range. *, a P value <0.05 indicates statistical significance. ECMO, extracorporeal membrane 
oxygenation; PIP, peak inspiratory pressure; PEEP, positive end-expiratory pressure; FiO2, fraction of inspired oxygen; pH, acidity or 
basicity; PaO2, partial pressure of oxygen; PaCO2, partial pressure of carbon dioxide; HCO3, bicarbonate; PF ratio; PaO2/FiO2 ratio.
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before ECMO initiation, mechanical ventilator-dependent 
days before ECMO initiation, arterial blood pH, PF 
ratio, and serum lactate were reclassified into positive 
or negative groups according to the identified cut-off 
values. The results of univariate and multivariate analysis  
(Table 4) revealed four independent predictors of in-hospital 
mortality, including SOFA score >14 [odds ratio (OR): 
8.77, 95% confidence interval (CI): 1.50–51.49; P=0.016], 
hospitalized >72 hours before ECMO initiation [OR: 13.38, 
95% CI: 1.93–92.94; P=0.009], baseline PF ratio <60 [OR: 
10.08, 95% CI: 1.45–70.21; P=0.02], and baseline arterial 
blood pH <7.2 [OR: 14.99, 95% CI: 1.85–121.81; P=0.011]. 
These factors were then combined to create a new ECMO 
mortality prediction scoring system (the SOFA EMCO 
mortality prediction scoring system), SHOP, as follows: S: 
SOFA >14, H: hospitalize >72 hours, O: PF ratio <60, and P: 
pH <7.2. The presence of each parameter was given a score 
of 1 point with the highest possible score of 4. A score of 2 
or more predicts in-hospital mortality.

To evaluate the efficacy of preexisting severity scores, 
ROC curves for each scoring system were generated. Area 

under the ROC curve (AUC) values are shown in Table 5.  
Among overall ECMO support patients, the PRESET 
score had the highest AUC (AUC: 0.798, 95% CI: 0.676–
0.919; P<0.001), followed by the RESP score (AUC: 0.766, 
95% CI: 0.645–0.887; P=0.001), the SOFA score, and the 
APACHE II score, whereas the PRESERVE score had the 
lowest AUC (AUC: 0.654, 95% CI: 0.516–0.793; P=0.048). 
In the VV-ECMO supported subgroup, the RESP score had 
the highest AUC, followed by the PRESET, PRESERVE, 
SOFA, and APACHE II scoring systems. The PRESET 
score had the highest AUC in the VA-ECMO subgroup, 
followed by the SOFA, APACHE II, RESP, and PRESERVE 
scoring systems. The new SHOP scoring system developed 
and introduced in this study had higher AUC values for 
predicting mortality in ECMO patients among all patients, 
and in the VV-ECMO and VA-ECMO subgroups.

Discussion

Among patients with acute severe hypoxemic respiratory 
failure who required ECMO support, VV-ECMO was 

Table 3 ECMO information

Data All (N=65) Survived (n=20) Died (n=45) P

Indication for ECMO, n (%)

Severe hypoxemia 47 (72) 14 (70) 33 (73.3) 0.78

E-CPR 11 (20) 2 (10) 9 (20) 0.31

Refractory shock 7 (7.7) 4 (20) 3 (6.7) 0.18

ECMO type, n (%)

Veno-venous ECMO 43 (66) 14 (70) 29 (64.4) 0.66

Veno-arterial ECMO 22 (34) 6 (30) 16 (35.6) 0.66

Duration (days)

Ventilator days 17 [7–25] 18 [12–26] 15 [5–24] 0.077

ECMO duration 8 [5–15] 9 [7–12] 7 [3–15] 0.23

ICU length of stay 20 [7–31] 25 [18–52] 15 [5–25] 0.002*

Hospital length of stay 25 [11–41] 40 [29–78] 19 [6–32] <0.001*

Complication, n (%)

Bleeding at puncture site 15 (23) 5 (25) 10 (22.7) 0.84

Limb ischemia 3 (4) 1 (5) 2 (4.7) 0.95

Intracranial bleeding 3 (4) 1 (5) 3 (6.8) 0.78

GI bleeding 3 (4) 0 (0) 3 (6.8) 0.3

Data presented as number and percentage or median and interquartile range. *, a P value <0.05 indicates statistical significance. ECMO, 
extracorporeal membrane oxygenation; E-CPR, extracorporeal cardiopulmonary resuscitation; ICU, intensive care unit.



Journal of Thoracic Disease, Vol 14, No 2 February 2022 377

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2022;14(2):371-380 | https://dx.doi.org/10.21037/jtd-21-1460

Table 4 Analysis for independent predictors of mortality among ECMO-supported patients

Factors
Univariate analysis Multivariate analysis

Crude OR P Adjusted OR P

APACHE II >30 4.97 (1.02–24.9) 0.034

SOFA >14 6 (1.72–20.89) 0.003 8.77 (1.50–51.49) 0.016*

Hospitalized >72 hour 5.92 (2.52–23.07) 0.006 13.38 (1.93–92.94) 0.009*

Ventilator >48 hour 7.20 (1.49–34.77) 0.007

pH <7.2 9.00 (1.85–43.74) 0.002 14.99 (1.85–121.81) 0.011*

Lactate >2 3.50 (1.14–10.76) 0.025

PF ratio <60 7.56 (1.92–29.77) 0.002 10.08 (1.45–70.21) 0.02*

Pulmonary embolism 0.19 (0.03–1.12) 0.046

*, a P value <0.05 indicates statistical significance. ECMO, extracorporeal membrane oxygenation; OR, odds ratio; APACHE II, Acute 
Physiology and Chronic Health Evaluation score; SOFA, Sequential Organ Failure Assessment score; pH, acidity or basicity; PF ratio; 
PaO2/FiO2 ratio.

Table 5 Comparison among all mortality prediction scoring systems used to predict ECMO survival

System
Overall group (N=65) VV-ECMO group (n=43) VA-ECMO group (n=22)

AUC (95% CI) P* AUC (95% CI) P* AUC (95% CI) P*

PRESET 0.798 (0.676–0.919) <0.001 0.777 (0.614–0.940) 0.004 0.859 (0.691–1.000) 0.011

RESP 0.766 (0.645–0.887) 0.001 0.817
(0.689–0.944)

0.001 0.771
(0.566–0.976)

0.056

PRESERVE 0.654 (0.516–0.793) 0.048 0.675
(0.504–0.846)

0.066 0.604
(0.375–0.833)

0.461

APACHE II 0.669 (0.536–0.803) 0.030 0.608 (0.433–0.783) 0.254 0.781 (0.584–0.978) 0.047

SOFA 0.688 (0.546–0.824) 0.018 0.628 (0.448–0.808) 0.178 0.797 (0.566–1.000) 0.036

SHOP 0.873 (0.791–0.956) <0.001 0.866 (0.760–0.971) <0.001 0.891 (0.755–1.000) 0.006

*, P value of the AUC. If P<0.05, it indicated that the AUC is significantly different from 0.5, therefore there is evidence that the mortality 
predicting score has an ability to distinguish between the survivor and non-survivor. If P>0.05, it indicated that the AUC is no different from 
0.5, therefore, the mortality predicting score has no ability to distinguish between the survivor and non-survivor. ECMO, extracorporeal 
membrane oxygenation; VV-ECMO, veno-venous ECMO; VA-ECMO, veno-arterial ECMO; AUC, area under the curve; CI, confidence 
interval; PRESET, PREdiction of Survival on ECMO Therapy score; RESP, Respiratory Extracorporeal Membrane Oxygenation Survival 
Prediction score; PRESERVE, Predicting Death for Severe ARDS on VV-ECMO score; APACHE II, Acute Physiology and Chronic Health 
Evaluation score; SOFA, Sequential Organ Failure Assessment score; SHOP score, SOFA score >14, hospitalized >72 hours before ECMO 
initiation, PaO2/FiO2 ratio <60, and pH <7.2. 

used in two-thirds of patients, and the patient survival 
rate at hospital discharge was 30.8%. The clinical 
parameters before ECMO initiation that were found to be 
independently associated with in-hospital mortality were 
SOFA score >14, duration of admission >72 hours, PF ratio 
<60, and pH <7.2. Preexisting ECMO prediction scoring 
systems, including PRESERVE, RESP, and PRESET, 
yielded moderately high accuracy in outcome prediction, 

and the PRESET score was found to be the most accurate. 
Our developed predictive SHOP score derived from the 
parameters above was shown to be more accurate for 
predicting in-hospital mortality among all patients, and in 
both the VV-EMCO and VA-EMCO subgroups.

The in-hospital mortality rate of 69.2% among our 
ECMO-supported patients was high compared to the rates 
reported from other studies. ECMO case volume, patient 
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age, and patient baseline conditions may explain the high 
mortality rate observed in this study. Two prospective 
randomized controlled studies from Europe reported 
hospital mortality rates ranging from 30–50% (2,3). Most 
centers participating in those studies were experienced 
in ECMO and had a high annual ECMO support case 
volume. Higher ECMO support case volume correlated 
with higher physician and team experience in caring for 
ECMO patients. This is supported by Barboro et al., who 
reported that adult patients receiving ECMO at a hospital 
with over 30 ECMO cases per year had a significantly lower 
mortality rate (adjusted OR: 0.61, 95% CI: 0.46–0.80) 
compared to those treated at a low ECMO volume hospital 
(<6 cases per year) (13). A report from Japan also supports 
this association. A retrospective observational study that 
used data from a national administrative database of ECMO 
for respiratory failure found a hospital mortality rate of 
50.4% in high-volume institutions (>16 ECMO per year) 
compared with 62.5% in low-volume institutions (<8 
ECMO per year) (14). Regarding the volume of ECMO 
support given at the center in the present study, there were 
81 ECMO support patients in 11 years, which defines the 
center as low volume and helps to explain the mortality rate 
above 60%.

Patient age could influence higher in-hospital mortality. 
A study with a large patient population reported a lower 
median age among hospital survivors compared to the 
median age of those who died [39 years (IQR: 27–51) vs. 
45 years (IQR: 30–58)] (10). A similar finding was reported 
from two other studies (median age 44 and 48 years in the 
survivor and non-survivor groups, respectively) (9,11). The 
median age of 61 years (IQR: 49–70) in the present study 
could be another reason for higher in-hospital mortality.   

The presence of hemodynamic instability with or as a 
consequence of respiratory hypoxemia may also influence 
mortality. The patient population in the present study 
included a very high proportion of hemodynamic instability 
or cardiac arrest. Although these conditions could be 
considered complications of prolonged hypoxemia, VA-
ECMO support was required and the mortality rate among 
these patients was high. VA-ECMO was employed in 34% 
of our patients, while in RESP population, VA-ECMO was 
used in 23%. This study enrolled patients who presented 
with acute hypoxemic respiratory failure, which is a unique 
underlying pathophysiologic condition that typically 
requires VV-ECMO support. However, in severe cases 
prolonged hypoxemia causes hemodynamic compromise 
and circulatory collapse, which requires VA-ECMO. 

The difference in mortality rates of VA-ECMO and VV-
ECMO patients from previous reports may be influenced 
by underlying conditions. In the previously reported study, 
VA-ECMO was mainly used in ECMO assisted CPR, in 
which those patients had acute coronary syndrome as an 
underlying condition (15). In this case, the mortality rates of 
VA-ECMO were generally much higher than VV-ECMO. In 
the present study, the mortality rate of VA-ECMO supported 
patients was 72.7% (n=22), which similar with 67.4% (n=43) 
among VV-ECMO supported patients. This could be 
explained by the similarity of acute hypoxemic respiratory 
failure among the patients due to underlying conditions.

Regarding our evaluation of the efficacy of the 
preexisting mortality prediction scoring systems, we found 
the PRESET and RESP systems to be the most accurate 
in overall patients, and in the VV-ECMO and VA-ECMO 
subgroups, followed by the PRESERVE score and the two 
evaluated general severity scores. However, the SHOP 
scoring system surpassed all other evaluated scoring systems 
at predicting mortality among ECMO-supported patients. 
The SHOP score comprises SOFA score >14, duration 
of admission in the hospital >72 hours, PF ratio <60, and 
pH <7.2. The SHOP score is a user-friendly and easy to 
calculate score. During the current COVID-19 pandemic, 
several new ECMO centers have been established in both 
developed and developing countries for rescue therapy 
to treat patients with severe COVID-19 and acute severe 
respiratory failure (16,17). The newly developed SHOP 
score could be used to select candidate patients and for 
prognostic determination at new ECMO centers. This 
could provide a more accurate score than other scores 
developed at centers with high ECMO experience. 

Limitations

The data included in this study was collected from a single 
large national tertiary referral center. As such, some findings 
may not be immediately generalizable to other care settings. 
Additionally, external validation of the newly developed SHOP 
score is needed before its application in general practice. We 
plan to perform both internal validation by using data from 
new ECMO cases and securing external validation by use of 
ECMO case data from other hospitals in the future. 

Although the proposed SHOP score only has four 
parameters, it is prudent to remark that the SOFA score 
itself consists of six components. For centers who do not 
routinely calculate the SOFA score during clinical care, this 
may increase complexity prior to SHOP score application. 
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However, the SOFA score evaluates the function of six 
main organs. In order to calculate the SOFA score, two 
parameters must be evaluated: mean arterial blood pressure 
and the Glasgow Coma Scale score. Additionally, four 
essential laboratory investigations (creatinine, platelet count, 
bilirubin level and PaO2/FiO2 ratio) must be examined, 
especially among the critically ill that are candidates for 
ECMO support. Furthermore, the SOFA score is currently 
a part of the SEPSIS-3 definition for diagnosis of sepsis and 
septic shock, which promotes its use worldwide. 

Although most of our patients met the diagnostic criteria 
for ARDS, some patients developed acute hypoxemic 
respiratory failure from other causes. Acute pulmonary 
embolism was diagnosed in six patients (9.2%), and four 
of those survived to hospital discharge. Thus, ECMO 
support could be an effective treatment for this condition 
during critical period. Lastly, the long duration of patient 
enrollment could be considered a study limitation since 
changes in treatment strategies during this ten-year period 
could affect patient outcomes. 

Conclusions

In-hospital mortality among ECMO-supported patients 
was high at  69%. SOFA scores >14,  hospital ized  
>72 hours, PaO2/FiO2 ratio <60, and pH <7.2 were found to 
be independent predictors of in-hospital mortality. A SHOP 
score of 2 or higher out of a possible 4 significantly predicts 
in-hospital mortality in ECMO-supported patients. This 
mortality prediction scoring system requires both internal 
and external validation before it can be recommended for 
application in general practice. 
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