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Abstract 

Background:  The Extracorporeal Life Support Organization (ELSO) has suggested that extracorporeal membrane 
oxygenation (ECMO) patients should be managed by a multidisciplinary team. However, there are limited data on the 
impact of ECMO team on the outcomes of patients with severe acute respiratory failure.

Methods:  All consecutive patients with severe acute respiratory failure who underwent ECMO for respiratory sup-
port from January 2012 through December 2016 were divided into the pre-ECMO team period (before January 2014, 
n = 70) and the post-ECMO team period (after January 2014, n = 46). Clinical characteristics and outcomes were 
compared between the two groups.

Results:  The mortality rates in the intensive care unit (72.9 vs. 50.0%, P = 0.012) and hospital (75.7 vs. 52.2%, 
P = 0.009) were significantly decreased in the post-ECMO team period compared to the pre-ECMO team period. The 
median duration of ECMO support was not different between the two periods. However, the proportion of patients 
successfully weaned off ECMO was higher in the post-ECMO team period (42.9 vs. 65.2%, P = 0.018). During ECMO 
support, the incidence of cannula problems (32.9 vs. 15.2%, P = 0.034) and cardiovascular events (88.6 vs. 65.2%, 
P = 0.002) was reduced after implementation of the ECMO team. The 1-year mortality was significantly different 
between the pre-ECMO team and post-ECMO team periods (37.8 vs. 14.3%, P = 0.005).

Conclusion:  After implementing a multidisciplinary ECMO team, survival rate in patients treated with ECMO for 
severe acute respiratory failure was significantly improved.

Keywords:  Extracorporeal membrane oxygenation, Patient care team, Respiratory insufficiency, Critical care 
outcomes, Mortality
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Introduction
Recent studies showing the favorable results of extracor-
poreal membrane oxygenation (ECMO) have highlighted 
the role of ECMO in treating severe acute respira-
tory failure [1–4]. In addition, the number of patients 

receiving ECMO support in clinical practice is growing 
[4]. Despite the technical advances and generalization of 
the technique, ECMO is still a complex and costly treat-
ment with potential adverse effects, and the clinical out-
comes associated with its use are significantly different 
depending on the infrastructure of the providing center 
[5]. Therefore, the Extracorporeal Life Support Organiza-
tion (ELSO) has published guidelines regarding the ideal 
institutional requirements for effective use of ECMO [6, 
7]. In these guidelines, qualified ECMO physicians are 
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referred to as one of the most important components of 
the successful implementation of ECMO, and their vari-
ous responsibilities are emphasized, from initiation of 
ECMO to clinical follow-up [6, 7].

Some adjunctive therapies, such as use of neuromus-
cular blocking agents [8] and prone positioning [9], have 
been shown to reduce mortality in patients with severe 
acute respiratory failure, and these treatments before 
ECMO are also associated with outcomes seen after 
ECMO for respiratory failure [10, 11]. Therefore, deci-
sion making about the proper indications and timing 
of ECMO is a challenging problem for physicians who 
manage patients with severe acute respiratory failure. In 
addition, the medical management and nursing care of 
patients with severe respiratory failure receiving ECMO 
support are complex and can be challenging; therefore, 
the multidisciplinary ECMO team is recommended to be 
incorporated into ECMO program [7].

However, there are limited data on the impact of 
ECMO team on the outcomes of patients with severe 
acute respiratory failure. The objective of this study was 
to investigate the association between implementation of 
a multidisciplinary ECMO team and clinical outcomes 
in adult patients with severe respiratory failure receiving 
ECMO support.

Methods
Study design
We conducted a retrospective cohort study between 
January 2012 and December 2016 at Samsung Medical 
Center (a 1979-bed tertiary referral hospital with ter-
tiary-level intensive care units) in Seoul, South Korea. All 
patients 18 years of age or older for whom ECMO sup-
port was required for severe acute respiratory failure 
were enrolled in the study. A total of 136 ECMO runs in 
133 patients were identified during this period. Twenty 
patients who were transported to our facility after initia-
tion of ECMO in other hospitals were excluded because 
the decision regarding whether or not the patient was a 
suitable candidate for ECMO and initial management 
were not made by our ECMO team. The remaining 116 
eligible ECMO runs were divided into the pre-ECMO 
team period (before January 2014, n = 70) and the post-
ECMO team period (after January 2014, n = 46), accord-
ing to the date of ECMO initiation (Fig. 1).

The institutional review board of the Samsung Medi-
cal Center approved this study and waived the require-
ment for informed consent because of the observational 
nature of the study. In addition, patients’ information was 
anonymized and deidentified prior to analysis.

ECMO team and management of ECMO
In our institution, ECMO support has been available 
since 2004. In the first few years, veno-arterial ECMO 
was primarily used in patients with cardiac failure, with 
veno-venous ECMO used for less than five cases per year. 
The incidence of ECMO runs has gradually increased, 
with more than 100 cases currently performed annually. 
The application of veno-venous ECMO for severe respir-
atory failure has also grown and currently represents up 
to 20–30% of all ECMO runs.

Before 2014, there were standard criteria for indica-
tions and contraindications of ECMO (Additional file 1), 
but decisions about initiation and decannulation were 
mostly left to the physicians that oversaw patients. Can-
nula- or circuit-related issues were treated through elec-
tive consultation with cardiothoracic surgeons who had 
experience with ECMO. In 2014, our hospital adopted a 
multidisciplinary ECMO team consisting of cardiovascu-
lar surgeons, cardiologists, critical care physicians, and 
an ECMO specialist who is a cardiovascular perfusionist 
trained to manage the ECMO system and clinical needs 
of the patients on ECMO under supervision of ECMO-
trained physicians. This ECMO team was responsible 
for every issue related to ECMO in the hospital. Proto-
cols for indications and contraindications, management 
of patients and equipment, and weaning of patients from 
ECMO were revised. In addition, the ECMO team was 
charged with educating all medical personnel including 
bedside nurses caring for patients on ECMO at our insti-
tution. When a patient was deemed eligible for ECMO, 
the final decision to initiate ECMO was made by the 
treating intensivist and ECMO team, consisting of two 
more critical care physicians who are board certified in 
pulmonary and critical care medicine and cardiovascular 
surgeon, after a comprehensive assessment based on our 
protocol outlining the indications and contraindications. 
The primary cannulation strategy for adult respiratory 

Fig. 1  Patient distribution between the two periods
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ECMO was the veno-venous mode. The veno–veno-
arterial mode was considered if the patient needed addi-
tional support due to hemodynamic failure. Cannulation 
was performed by the attending cardiothoracic surgeons 
using either the percutaneous method with the Seldinger 
technique or the surgical method at the bedside or in 
the operating room. Cannulation sites and cannula sizes 
were selected at the discretion of the cardiothoracic sur-
geons. Usually, a 20–28-Fr cannula was used for venous 
drainage via the common femoral vein, and a 14–18- or 
20–24-Fr cannula was used for venous return via the 
internal jugular or the common femoral vein, respec-
tively. The Prolonged Life Support System (Quadrox PLS, 
Maquet Inc., Rastatt, Germany) and the Capiox Emer-
gency Bypass System (Capiox EBS; Terumo, Inc., Tokyo, 
Japan) were used. Pump blood flow and sweep gas flow 
rates were adjusted to maintain a target oxygen saturation 
and carbon dioxide removal rate. The mechanical ventila-
tion (MV) strategy during ECMO was adapted from the 
study protocol of the CESAR trial [1], providing assisted 
pressure-controlled ventilation while limiting the peak 
inspiratory pressure to 25 cmH2O and applying positive 
end-expiratory airway pressure of 10  cmH2O, and res-
piratory rate of 10 breaths/min, on inspired oxygen frac-
tion of 30%. Once the patients were stabilized and lightly 
sedated, spontaneous ventilation with pressure support 
mode was considered. In all patients, arterial catheteriza-
tion was performed for continuous hemodynamic moni-
toring. Our ECMO team performed daily rounds and 
assessed the state of the ECMO circuit, development of 
ECMO-associated complications, and the possibility of 
weaning. An ECMO-trained physician provided 24-h on-
call coverage, and an ECMO specialist participated in all 
intra-hospital transport of patients on ECMO. If a patient 
was considered ready to be weaned off ECMO support, 
decisions regarding decannulation were assessed through 
a protocolized weaning trial. Cannulae were removed at 
the bedside by cardiothoracic surgeons.

Data collection and clinical outcomes
The clinical and laboratory data from patients who were 
treated with ECMO have been prospectively registered 
in the ECMO database of our hospital since 2012. For 
this study, these data were supplemented with a retro-
spective review of all hospital medical records. Demo-
graphic data, including age, sex, comorbidity, immune 
state, history of cardiac arrest, diagnosis, acute physiol-
ogy and chronic health evaluation (APACHE) II score, 
and sequential organ failure assessment (SOFA) score, 
were recorded at admission to the intensive care unit 
(ICU). Presence of an artificial airway, use of MV, ven-
tilator setting immediately before ECMO initiation, use 

of rescue and adjunctive treatment before ECMO, worst 
values from arterial blood gas and lactate tests within 
6  h before ECMO initiation, respiratory extracorporeal 
membrane oxygenation survival prediction (RESP) score 
[11], predicting death for severe ARDS on VV-ECMO 
(PRESERVE) score [10], ECMO mode, and cannulation 
site were recorded on the first day of ECMO support.

The primary outcome in this study was in-hospital 
mortality. Secondary outcomes were ICU mortality, 
rate of weaning from ECMO, duration of ECMO sup-
port, adverse events during ECMO, rate of weaning from 
MV, duration of MV before weaning, ICU and hospital 
lengths of stay, and 1-year mortality after ECMO ini-
tiation. Adverse events during ECMO were defined 
as follows: cannula-related (vessel perforation with 
hemorrhage, arterial cannulation, malposition requir-
ing repositioning, or accidental decannulation), other 
ECMO-related, hematological (gastrointestinal bleed-
ing, cannula site bleeding, surgical site bleeding, plasma 
hemoglobin level > 50 mg/dL, or disseminated intravas-
cular coagulation), neurological (brain death, seizure, 
cerebral infarction, or brain hemorrhage), cardiovascu-
lar (inotrope or vasopressor use, myocardial stunning, 
arrhythmia, cardiac tamponade, or cardiac arrest), pul-
monary (pneumothorax or pulmonary hemorrhage), 
renal (serum creatinine level > 1.5 mg/dL or continuous 
renal replacement therapy), and infection (white blood 
cell count  <  1500  ×  103  cells/mm3, culture-confirmed 
new infection, or ECMO-associated wound infection). 
Clinical outcomes were identified through medical 
record review. The Korean National Database, which uses 
citizen registration numbers, was used to obtain informa-
tion about patient death at 1 year after ECMO initiation.

Statistical analysis
To compare characteristics and clinical outcomes 
between the two periods, we analyzed categorical vari-
ables using χ2 tests or Fisher’s exact tests, when appli-
cable, with data presented as numbers and percentages. 
Continuous variables were presented as medians with 
interquartile ranges, and Mann–Whitney U test was used 
for analysis. To adjust for potential confounding factors 
in the association between implementation of a multidis-
ciplinary ECMO team and in-hospital mortality, multiple 
logistic regression analysis was used. Data are presented 
as adjusted odds ratios (ORs) with 95% confidence inter-
vals (CI). Survival curves were constructed using the 
Kaplan–Meier method and compared with a log-rank 
test. For all analyses, a two-tailed test with a P value less 
than 0.05 was considered statistically significant. Statis-
tical analyses were performed using SPSS 18.0 for Win-
dows (Chicago, IL, USA).
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Results
Baseline clinical characteristics
The baseline clinical characteristics of 116 patients sepa-
rated according to whether their ECMO treatment period 
coincided with the implementation of the specialized 
ECMO team are shown in Table 1. Age, sex, and comor-
bidities were similar between the two periods. How-
ever, patients with airway disease and malignancy were 
more common in the pre-ECMO team period. Bacterial 
pneumonia was the most common pulmonary condi-
tion causing acute respiratory failure. The proportion of 
patients with bacterial pneumonia was higher in the pre-
ECMO team period (45.7 vs. 26.1%; P = 0.033), while the 

proportion of patients with viral pneumonia was higher 
in the post-ECMO team period (2.9 vs. 17.4%, P = 0.014). 
The APACHE II (18 [15–25] vs. 25 [21–32], P  <  0.001) 
and SOFA scores (6 [4–9] vs. 8 [6–14], P = 0.003) on the 
day of ICU admission were significantly higher in the 
post-ECMO team period compared with the pre-ECMO 
team period. However, the RESP and PRESERVE scores 
were similar between periods.

Medical management prior to ECMO
Treatment modalities for severe acute respiratory failure 
prior to ECMO initiation are presented in Table  2. The 
duration of MV prior to initiation of ECMO was similar 

Table 1  Baseline patient characteristics

Values are given as the median (interquartile range) or n (%)

APACHE II acute physiology and chronic health evaluation II, COPD chronic obstructive pulmonary disease, ECMO extracorporeal membrane oxygenation, ICU intensive 
care unit, PRESERVE predicting death for severe ARDS on VV-ECMO, RESP respiratory extracorporeal membrane oxygenation survival prediction, SOFA sequential organ 
failure assessment
a  Meningioma (n = 1), malignant mesothelioma (n = 1), lung (n = 10), esophageal (n = 2), liver (n = 2), and colon cancer (n = 2)
b  Acute myeloid leukemia (n = 3), acute lymphocytic leukemia (n = 1), chronic lymphocytic leukemia (n = 1), myelodysplastic syndrome (n = 4), and multiple 
myeloma (n = 2)
c  Glioma (n = 1), lung cancer (n = 2), colon cancer (n = 2), and non-seminomatous germ cell tumor (n = 1)
d  Acute myeloid leukemia (n = 1), multiple myeloma (n = 1), and lymphoma (n = 3)
e  Other includes radiation therapy-induced pneumonitis, pulmonary tuberculosis, diffuse alveolar hemorrhage, pulmonary alveolar proteinosis, and airway occlusion 
by tumor mass or blood clot

Pre-ECMO team period (n = 70) Post-ECMO team period (n = 46) P value

Age (years) 61 (52–69) 60 (52–64) 0.672

Male 52 (74.3) 34 (73.9) 0.964

Body mass index (kg/m2) 23.1 (20.7–24.8) 23.8 (20.6–25.8) 0.163

Comorbidity

 Cardiovascular disease 7 (10.0) 5 (10.9) >0.999

 Chronic renal failure 6 (8.6) 3 (6.5) >0.999

 Asthma/COPD 12 (17.1) 2 (4.4) 0.039

 Liver cirrhosis 3 (4.3) 3 (6.5) 0.680

 Malignancy 0.052

  Solid tumor 18 (25.7)a 6 (13.0)b

  Hematologic malignancy 11 (15.7)c 5 (10.9)d

 Immunocompromised state 23 (32.9) 17 (37.0) 0.650

 Cardiac arrest before ECMO 8 (11.4) 10 (21.7) 0.134

Primary diagnosis

 Bacterial pneumonia 32 (45.7) 12 (26.1) 0.033

 Viral pneumonia 2 (2.9) 8 (17.4) 0.014

 Interstitial lung disease 15 (21.4) 5 (10.9) 0.141

 Trauma/burn 2 (2.9) 4 (8.7) 0.212

 Asphyxia 1 (1.4) 1 (2.2) >0.999

 Othere 18 (25.7) 16 (34.8) 0.294

Severity score on the first day in the ICU

 APACHE II 18 (15–25) 25 (21–32) <0.001

 SOFA 6 (4–9) 8 (6–14) 0.003

 RESP score 1 (−1 to 2) 0 (−2 to 2) 0.171

 PRESERVE score 5 (4–7) 6 (4–7) 0.664
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in the pre- and post-ECMO team periods. Measurements 
performed during MV prior to ECMO, including positive 
end-expiratory pressure, peak inspiratory pressure, tidal 
volume per predicted body weight, and the worst values 
of arterial blood gases, were not different between the 
two periods. However, the partial pressure of oxygen in 
the arterial blood per fraction of inspired oxygen (PaO2/
FiO2, PF) was significantly lower in the pre-ECMO team 
period (71.5 [56.0–96.5]) compared to the post-ECMO 
team period (91.8 [68.3–114.3]) (P  =  0.033). As an 
adjunctive or rescue therapy for severe respiratory fail-
ure, steroids, neuromuscular blocking agents, prone posi-
tioning, and inhaled nitric oxide were used in 56.0, 52.6, 
12.1, and 17.2% of overall cases, respectively. Patients in 
the pre-ECMO team period were more likely to receive 
steroids (65.7 vs. 41.3%, P  =  0.010) and less likely to 
receive inhaled nitric oxide (11.4 vs. 26.1%, P = 0.041) or 
prone positioning (5.7 vs. 21.7%, P = 0.010) compared to 
the post-ECMO team period. Neuromuscular blocking 
agent usage was similar between the two periods (50.0 vs. 
56.5%, P = 0.491).

ECMO management
Details on ECMO management are summarized in 
Table 3. Veno-venous ECMO was planned in all patients; 
in one case in the pre-ECMO team period, the cannula 
was unintentionally inserted into the common femoral 
artery, and ECMO support started in the veno-arterial 
mode. Another veno–veno-arterial mode was used in 
one case for additional hemodynamic support. Femoro-
jugular configuration was present in 85.7% of cases, and 
femoro-femoral configuration was found in 11.4% of 
cases in the pre-ECMO team period, but the proportion 
of femoro-femoral cases increased to 28.3% in the post-
ECMO team period.

Compared to the pre-ECMO team period (42.9%), the 
proportion of cases involving successful weaning from 
ECMO was significantly higher in the post-ECMO team 
period (65.2%) (P =  0.018). However, the median dura-
tion of ECMO support was not different between the two 
periods. Cardiovascular events were the most common 
complication in patients treated with ECMO, followed 
by pulmonary, infection-related, renal, and hematologi-
cal complications. However, only the incidence of cardi-
ovascular events was significantly different between the 
pre-ECMO team and post-ECMO team periods (88.6 vs. 

Table 2  Medical management prior to extracorporeal membrane oxygenation

Values are given as the median (interquartile range) or n (%)

ECMO extracorporeal membrane oxygenation, FiO2 fraction of inspired oxygen, MV mechanical ventilation, PaCO2 partial pressure of carbon dioxide in arterial blood, 
PaO2 partial pressure of oxygen in arterial blood, PBW predicted body weight, PEEP positive end-expiratory pressure, SaO2 arterial oxygen saturations, VT tidal volume
a  Data were available for 104 patients (66 patients in the pre-ECMO team period and 40 patients in the post-ECMO team period)

Pre-ECMO team period (n = 70) Post-ECMO team period (n = 46) P value

Duration of MV before ECMO, days 2 (0–6) 2 (0–7) 0.510

Pre-ECMO ventilator settingsa

 PaO2/FiO2 71.5 (56.0–96.5) 91.8 (68.3–114.3) 0.033

 FiO2 (%) 100 (100–100) 100 (70–100) 0.009

 PEEP (cmH2O) 10 (5–12) 10 (5–12) 0.239

 Peak inspiratory pressure (cmH2O) 30 (24–34) 28 (23–31) 0.402

 Minute volume (L) 9.1 (6.8–11.2) 9.5 (8.2–11.9) 0.420

 VT/PBW (mL/kg) 6.8 (5.1–8.0) 6.8 (5.9–8.6) 0.710

Pre-ECMO treatment

 Steroid 46 (65.7) 19 (41.3) 0.010

 Neuromuscular blocking agent 35 (50.0) 26 (56.5) 0.491

 Inhaled nitric oxide 8 (11.4) 12 (26.1) 0.041

 Prone position 4 (5.7) 10 (21.7) 0.010

 Vasopressor infusion 44 (62.9) 29 (63.0) 0.984

Pre-ECMO blood gas

 pH 7.26 (7.13–7.38) 7.22 (7.09–7.35) 0.333

 PaCO2 (mmHg) 58.1 (45.8–73.5) 57.8 (44.7–68.5) 0.699

 PaO2 (mmHg) 61.4 (55.0–74.2) 64.2 (54.8–84.5) 0.726

 HCO3 (mmol/L) 25.8 (21.8–30.2) 23.2 (19.2–28.2) 0.063

 SaO2 (%) 89.4 (85.6–92.1) 89.4 (82.6–94.5) 0.890

 Lactate before ECMO (mmol/L) 2.26 (1.53–4.80) 2.10 (1.60–5.11) 0.948
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65.2%, P =  0.002). There were cannula-related compli-
cations in 32.9% of cases in the pre-ECMO team period 
and in 15.2% of cases in the post-ECMO team period 
(P = 0.034). Other technical issues were not significantly 
different (Additional file 2).

Clinical outcomes
Patients were followed for a median of 573 (285–1231) 
days or until death after ECMO initiation. Although none 
of patients with malignancy had limitation of care deci-
sion at the time of ECMO initiation, do-not-resuscitate 
order was instituted in 9 (31.0%) out of 29 patients in 
pre-ECMO team period and 2 (18.2%) out of 11 patients 
in post-ECMO team period (P = 0.694). Overall, out of 
116 ECMO patients, 77 (66.4%) deaths occurred during 

hospitalization. The ICU (72.9 vs. 50.0%, P = 0.012) and 
hospital (75.7 vs. 52.2%, P = 0.009) mortality rates were 
both significantly lower in the post-ECMO team period 
(Table 4). Also, the Kaplan–Meier survival curve showed 
a significant difference between the survival rates of 
the two periods during a 1-year follow-up period after 
ECMO initiation (P = 0.005) (Fig. 2). The rate of wean-
ing from MV after ECMO was higher in the post-ECMO 
team period (56.5%) than in the pre-ECMO team period 
(30.0%) (P  =  0.004) (Table  4). However, the median 
lengths of stay in the ICU and the hospital were not dif-
ferent between the two periods. The results of univariable 
and multivariable analyses with the logistic regression 
model are presented in Table  5. After adjusting for 
potential confounding factors, the post-ECMO team 

Table 3  Management of extracorporeal membrane oxygenation

Values are given as the median (interquartile range) or n (%)

ECMO indicates extracorporeal membrane oxygenation
a  One or more complications may be listed

Pre-ECMO team period (n = 70) Post-ECMO team period (n = 46) P value

Initial ECMO configuration 0.044

 Femoro-jugular veno-venous 60 (85.7) 32 (69.6)

 Femoro-femoral veno-venous 8 (11.4) 13 (28.3)

 Femoro-femoral veno-arterial 2 (2.9) 0 (0.0)

 Mixed (veno–veno-arterial) 0 (0.0) 1 (2.2)

Successful weaning off of ECMO 30 (42.9) 30 (65.2) 0.018

Duration of ECMO support (days) 10 (7–20) 11 (4–27) 0.674

 Survivors 9 (5–16) 9 (4–23) 0.755

 Non-survivors 15 (8–24) 19 (3–27) 0.754

Adverse events during ECMO

 ECMO-related complications

  Cannula 23 (32.9) 7 (15.2) 0.034

   Malposition requiring repositioning 21 5

   Vessel perforation 1 0

   Arterial cannulation 1 0

   Accidental decannulation 0 2

  Other 11 (15.7) 11 (23.9) 0.271

 Patient complications

  Hematological 20 (28.6) 10 (21.7) 0.411

  Neurological 9 (12.9) 1 (2.2) 0.086

  Cardiovasculara 62 (88.6) 30 (65.2) 0.002

   Inotrope or vasopressor use 51 30

   Myocardial stunning 3 0

   Arrhythmia 19 5

   Cardiac tamponade 1 0

   Cardiac arrest 10 1

  Pulmonary 23 (32.9) 15 (32.6) 0.978

  Renal 36 (51.4) 23 (50.0) 0.880

  Infection 36 (51.4) 19 (41.3) 0.285
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period was still significantly associated with lower in-
hospital mortality (adjusted OR 0.11, 95% CI 0.03–0.46, 
P = 0.003). Other factors independently associated with 
in-hospital mortality were asthma/chronic obstruc-
tive pulmonary disease, malignancy, and RESP score 
(Table 5).

Discussion
Our study investigated the impact of a multidiscipli-
nary ECMO team on clinical outcomes in patients who 
underwent ECMO for severe acute respiratory failure 
and found that implementation of this ECMO team was 
associated with significant reductions in ICU and hos-
pital mortalities. The improvement in survival rates was 

maintained at the 1-year follow-up after ECMO initia-
tion. Furthermore, the incidence of adverse events during 
ECMO support was reduced, and the successful wean-
ing from ECMO and MV significantly increased after the 
ECMO team was implemented.

Our findings are consistent with the results of a pre-
vious study showing the beneficial impact on mortality 
rates of a program dedicated to ECMO in all adult and 
pediatric patients undergoing veno-arterial and veno-
venous ECMO [12]. Several studies have demonstrated 
that the survival of patients with severe acute respira-
tory failure was significantly improved when treated with 
ECMO than when treated with conventional ventilation 
support and suggested that such patients be referred 
and transferred to an ECMO center [1, 13]. Nonethe-
less, long-term survival in this population has been 
more importantly associated with pre-morbid illnesses 
and functional ability at hospital discharge than with 
acute illness factors [14, 15]. However, our study found 
that ECMO management by a multidisciplinary team 
improved long-term outcomes in patients who under-
went ECMO for severe acute respiratory failure. There-
fore, our findings support the establishment of ECMO 
referral centers that include dedicated ECMO staffing in 
order to enhance the effective use of ECMO to improve 
long-term survival as well as to overcome acute illnesses 
in patients with severe acute respiratory failure [6, 7].

The beneficial effects associated with a specialized 
ECMO team in patients receiving ECMO might be 
related to multiple factors. First, patient selection for 
ECMO can be a possible explanation for these beneficial 
effects. ECMO initially emerged as a salvage therapy in 

Table 4  Clinical outcomes

Values are given as the median (interquartile range) or n (%)

ECMO indicates extracorporeal membrane oxygenation

Pre-ECMO team period (n = 70) Post-ECMO team period (n = 46) P value

Mortality

 Hospital 53 (75.7) 24 (52.2) 0.009

 Intensive care unit 51 (72.9) 23 (50.0) 0.012

Length of stay (days)

 Hospital 36 (19–62) 39 (31–55) 0.528

  Survivors 74 (32–118) 40 (34–72) 0.394

  Non-survivors 32 (17–46) 37 (24–49) 0.725

 Intensive care unit 28 (14–37) 25 (7–41) 0.633

  Survivors 34 (17–63) 27 (7–42) 0.395

  Non-survivors 28 (14–36) 24 (11–38) 0.796

Successful weaning off of mechanical ventilation 21 (30.0) 26 (56.5) 0.004

Duration of mechanical ventilation, days 18 (9–29) 15 (4–31) 0.253

 Survivors 19 (8–28) 16 (4–39) 0.439

 Non-survivors 18 (10–29) 14 (5–26) 0.246

Fig. 2  Overall survival at the 1-year follow-up. Cumulative survival 
1 year after ECMO initiation according to the presence of an extracor-
poreal membrane oxygenation (ECMO) team
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patients with severe acute respiratory failure who can-
not maintain adequate oxygenation or carbon dioxide 
removal despite MV; now, however, it is expanding its 
role beyond just being a salvage therapy, and some stud-
ies report that early initiation of ECMO is associated 
with lower mortality [16]. However, the disadvantages of 
ECMO might outweigh the advantages when implement-
ing ECMO too early, given that complications, which can 
be serious and sometimes fatal, are possible throughout 
the entire course of ECMO support [4, 17]. Therefore, 
it is important to decide when and to whom we should 
apply ECMO for respiratory support. In this study, the 
proportion of patients with malignancy, which is usu-
ally considered to be a contraindication of ECMO, was 
higher than in previous ECMO studies. Although acute 
respiratory failure is one of the most common causes of 
ICU admission in patients with malignancies, the out-
comes of ECMO in this population are disappointing 
[18], with only few cases reported to be successful [19, 
20]. After the multidisciplinary ECMO team was imple-
mented in our hospital, decisions about ECMO initiation 
were made by this ECMO team through comprehensive 
assessment with relevant consultants. As a result, the rate 
of survival to hospital discharge in patients with malig-
nancy increased from 13.8 to 36.4% between the pre-
ECMO team and post-ECMO team periods, respectively. 
The 1-year survival rate also increased from 3.4 to 18.2% 
after ECMO team implementation.

The duration and settings of MV and adjunctive ther-
apies prior to ECMO are also known to be associated 
with differences in prognosis [10, 11, 21]. Although most 
parameters measured during ventilation were similar 
between the two periods in our study, the PF ratio was 

significantly lower in the post-ECMO team period. There 
was no difference in the duration of MV prior to ECMO 
initiation between the two periods, but it is possible that 
ECMO in the post-ECMO team period was started early 
in patients with less severe form of respiratory failure 
than in the pre-ECMO team period.

Next, the beneficial effects of the ECMO team can be 
explained by the dedication of the experienced and skilled 
ECMO physicians and staff members to ECMO. ELSO 
guidelines recommend that ECMO physicians should 
have sufficient experience and expertise in critical care 
and ECMO [6, 7]. Several previous studies revealed that 
a higher hospital-wide volume of ECMO cases was asso-
ciated with lower mortality in patients who underwent 
ECMO [5, 22, 23]. Similarly, a specialized ECMO team will 
experience a greater volume of ECMO cases and be able 
to improve the skills associated with ECMO when they are 
responsible for ECMO throughout the entire center, rather 
than when managing only selected ECMO cases presented 
as elective consultations. The structure of an ECMO team 
could be similar to that of the high-intensity ICU staffing 
model, which is defined as mandatory intensivist con-
sultation or the presence of a dedicated intensivist in the 
ICU [24]. The clinical benefit of the high-intensity staff-
ing model over the low-intensity staffing model, which is 
defined as the absence of an intensivist or elective, rather 
than mandatory, intensivist consultation, in critically ill 
patients was already identified in several studies [25, 26].

Although this study provides new information on the 
impact of a multidisciplinary ECMO team on the clini-
cal outcomes of adult patients with severe respiratory 
failure receiving ECMO support, our study has some 
limitations that should be considered. First, because it 

Table 5  Univariable and multivariable analyses with logistic regression models for probability of in-hospital mortality

APACHE II acute physiology and chronic health evaluation II, COPD chronic obstructive pulmonary disease, ECMO extracorporeal membrane oxygenation, FiO2 fraction 
of inspired oxygen, MV mechanical ventilation, PaO2 partial pressure of oxygen in arterial blood, RESP respiratory extracorporeal membrane oxygenation survival 
prediction, SOFA sequential organ failure assessment
a  The reference group is bacterial pneumonia

Univariable Multivariable

OR 95% CI P value OR 95% CI P value

Post-ECMO team period 0.35 0.16–0.78 0.010 0.11 0.03–0.46 0.003

Asthma/COPD 7.72 0.97–61.36 0.053 10.76 1.17–99.04 0.036

Malignancy 2.76 1.12–6.78 0.027 3.97 1.21–13.01 0.023

Primary diagnosisa – – – – – –

 Viral pneumonia 1.43 0.35–5.88 0.621 0.37 0.05–2.76 0.332

 Others 1.30 0.33–5.12 0.706 0.76 0.12–4.97 0.773

APACHE II score 1.02 0.98–1.07 0.344 1.09 0.99–1.20 0.092

SOFA score 1.02 0.93–1.12 0.654 1.10 0.91–1.32 0.314

RESP score 0.85 0.73–0.99 0.034 0.77 0.62–0.96 0.020

PaO2/FiO2 prior to ECMO 1.00 0.99–1.01 0.776 1.02 1.00–1.04 0.058
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was conducted as a retrospective cohort study in a single 
center, there is a potential risk of confounding variables 
and selection bias. For example, the frequency of malig-
nancy, which was considered to be a factor associated 
with poor outcomes, was significantly different between 
the two periods. Although it could also be considered as 
an effect of the ECMO team, however, the data regard-
ing how many cancer patients had refused ECMO sup-
port by the team could not be extracted from the medical 
records during the study period. Second, the potential 
influence associated with the time difference between the 
two periods could not be excluded. Especially, growing 
experience with number of cases during the study period 
should be considered. Volume–outcome relationship in 
ECMO might stem from the beneficial effects of more 
experienced practitioners [27]. Recently, the ELSO reg-
istry has described improved outcomes in patients sup-
ported with ECMO over time, which might be attributed 
to the accumulation of experience [4].

In addition, the results from several studies that investi-
gated the treatment of acute respiratory distress syndrome 
published during our study period might have influenced 
our practice, although the effects of these treatments on 
clinical outcomes in patients on ECMO remain unclear. 
Third, another research question was to identify changes 
in the selection of patients before and after implementa-
tion of the ECMO team. However, the data regarding how 
many patients with severe acute respiratory failure had 
been refused ECMO for respiratory support could not 
be extracted from the medical records during the study 
period before and after implementation of ECMO team. 
Further investigation with a larger patient population 
is needed to clarify the proper selection of patients for 
ECMO by the multidisciplinary team and the association 
of proper patient selection with clinical outcomes.

Conclusion
After implementing a multidisciplinary ECMO team, 
short- and long-term survival rates were significantly 
improved in patients treated with ECMO for severe 
acute respiratory failure. Our findings support the rec-
ommendation that ECMO centers should have a special-
ized organization including ECMO staff members who 
are well qualified and have experience in ECMO in order 
to maximize the beneficial effects of this treatment in 
patients with acute respiratory failure.
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