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Abstract 

Background  The survival benefit of venovenous extracorporeal membrane oxygenation (VV-ECMO) in adult patients 
with severe acute respiratory distress syndrome (ARDS) remains controversial. This study aimed to investigate the effi‑
ciency and potential prognostic factors of VV-ECMO for severe ARDS in adults by evaluating our institutional experi‑
ence and results.

Materials and methods  This research studied ARDS patients receiving VV-ECMO between June 2011 and May 2023. 
The inclusion criteria were PaO2/FiO2 < 100 mmHg at FiO2 of 1.0. Retrospective data was analyzed to identify factors 
associated with successful ECMO weaning and hospital discharge survival.

Results  A total of 18 patients were included in this study, with 7 cases (38.9%) successfully weaned from ECMO and 5 
cases (27.8%) surviving hospital discharge. The overall complication rate was 77.8%. After treatment with VV ECMO, 
there were statistically significant improvements in both PaO2 and PaCO2 (P < 0.05). Patients in the successful weaning 
group had a lower pTB value, less accumulative volume of sodium bicarbonate during ECMO, and lower accumulative 
volume of intravenous immunoglobulin in the hospital compared to the unsuccessful weaning group (all P < 0.05). 
Furthermore, compared to the non-survivors, the survivors had less severe acidosis, higher mean arterial pressure 
before ECMO, a lower level of pCr, and a lower pTB value during ECMO (all P < 0.05).

Conclusion  ECMO can effectively promote oxygenation and carbon dioxide (CO2) removal in patients with severe 
ARDS. Early initiation of ECMO with appropriate management could benefit in reducing comorbidities and mortality.

Keywords  Venovenous extracorporeal membrane oxygenation, Acute respiratory distress syndrome, Complications, 
Mortality, Prognostic factors

Introduction
A majority of patients with ARDS require mechanical 
ventilation for gas exchange to prolong survival time to 
receive supportive care or lung recovery. However, in 
some critically ill patients with profound hypoxemia, 
despite using “lung-protective ventilation strategy” to 
reduce ventilator-induced lung injury (VILI) [1], an asso-
ciated complication which mortality rate is up to 46% [2, 
3], gas exchange targets are difficult to achieve.
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Venovenous extracorporeal membrane oxygenation 
(VV-ECMO) improves oxygenation and promotes the 
removal of carbon dioxide (CO2). In the most severe 
form of ARDS, ECMO rapidly facilitates improvement 
in gas exchange [4]. Advances in ECMO technology have 
improved safety and facility, thus expanding its applica-
tion scope [5–7]; however, its benefit for severe ARDS 
remains controversial [8–10]. The results of the first 
two randomized trials of ECMO for ARDS were less 
favorable, yet these trials were performed decades ago. 
Nevertheless, the results of the most recent trial [9], an 
international multicenter, randomized, open trial that 
evaluated the impact of ECMO on the morbidity and 
mortality associated with severe ARDS, were discour-
aging. Compared with traditional mechanical ventila-
tion, the primary endpoint (mortality rate at 60 days) of 
patients with the most severe ARDS showed no signifi-
cant difference in early ECMO, the 28% crossover rate 
made it difficult to draw clear conclusions on the useful-
ness of ECMO for severe forms of ARDS.

Despite the existing inconsistent study results, ECMO 
is currently considered an established rescue therapy for 
treating refractory ARDS. Based on the recognition, we 
analyzed a series of patients receiving VV-ECMO treat-
ment for severe ARDS and described our experience and 
results in this retrospective study, aiming at evaluating 
the effect of VV-ECMO on severe ARDS patients and 
exploring appropriate management strategies. Mean-
while, we also sought possible explanations for treatment 
failure.

Materials and methods
Study patients and design
This study included patients with VV-ECMO who vis-
ited Zhongshan Hospital of Sun Yat-sen University, a 
tertiary care hospital and supra-regional ECMO center 
in southern China, between June 2011 and May 2023 
(Fig. 1a). Patients were identified on the basis of the Ber-
lin definition of severe ARDS. The criteria for VV-ECMO 
included PaO2/FiO2 < 100 at a FiO2 of 1.0, with > 5  cm 
H2O of positive end-expiratory pressure (PEEP), after the 
treatment of mechanical ventilation and optimal conven-
tional therapy. In order to avoid selection bias, patients 
were excluded with (i) intubation and mechanical ven-
tilation for ≥ 7  days; (ii) age < 18  years; (iii) BMI > 45  kg/
m2; (iv) pregnancy; (v) advanced malignancy; (vi) severe 
immunocompromise; (vii) VA-ECMO; (viii) previous 
history of heparin-induced thrombopenia. The included 
patients were divided into two groups according to in-
hospital mortality and ECMO weaning, respectively. 
Successful weaning was defined as Survival > 48  h after 
weaning off ECMO. Survival was defined as weaning off 

ECMO and improvement of clinical conditions after hos-
pital discharge.

Some pre-ECMO data (demographic data, causes 
of ARDS for ECMO initiation, Acute Physiology and 
Chronic Health Evaluation II score (APACHE II), IMV 
duration), laboratory parameters (iCr, pCr, iTB, pTB, 
iLactate, and pLactate), complications during ECMO 
and causes of hospital death were obtained. The follow-
ing variables were analyzed at the time of presentation 
(before ECMO) and 2, 6, 12, 24, and 48 h after ECMO ini-
tiation: ABGA results (PaO2, PCO2, SaO2, PH, HCO3-) 
and ventilator settings (FiO2, PEEP, PS, VT, PIP, respira-
tory rate, dynamic pulmonary compliance). In addition, 
total fluid balance was determined daily from the time 
of presentation (day 1) to the seventh day after ECMO 
initiation (day 7). Transfusion during ECMO and in the 
hospital was also presented. To assess outcomes, the fol-
lowing parameters were evaluated: successful weaning 
and in-hospital mortality rate, duration of ECMO and 
IMV, length of stay in the ICU (intensive care unit) and 
hospital, and complications.

Data collection was approved by the Institutional 
Review Board of Zhongshan Hospital of Sun Yat-sen Uni-
versity. Informed consent was not required due to the 
retrospective study design.

Statistical analysis
SPSS 24 software (IBM Corp, Armonk, NY, USA) was 
used to perform statistical analyses. Continuous vari-
ables were tested for normality using the Shapiro–Wilk 
test. Continuous variables with normal distribution 
were analyzed using Student’s t-test and expressed as 
mean ± standard deviation, while continuous variables 
with non-normal distribution were analyzed using the 
Mann–Whitney U test and expressed as median (25–75% 
interquartile range). Categorical variables were displayed 
as frequency distribution and evaluated with Pearson’s 
chi-square test or Fisher’s exact test, as appropriate. P 
values < 0.05 were considered statistically significant. 
Overall survival was calculated following the Kaplan–
Meier method. Figures were created using the software 
Prism 7 (GraphPad Software, San Diego, CA, USA).

Results
Baseline characteristics
During the defined study period, 242 adult patients 
underwent ECMO and only 18 VV-ECMO patients were 
eventually included in the retrospective study. Yet, we 
observed an increase in patients meeting the inclusion 
criteria in recent 3  years (Fig.  1a, b). According to the 
ECMO weaning and in-hospital mortality, the baseline 
characteristics of the included patients are summarized 
in Table 1.
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The mean age of patients was 39 ± 13 years with a BMI 
of 21.1 ± 2.2  kg/m2, and 10/18 patients were male. The 
overall mean APACHE II score was 20 [18–26]. A total of 
11 cases developed ARDS by bacterial pneumonia; and 5 
by avian influenza A (H7N9) virus; the remaining 2 were 
due to idiopathic lung fibrosis and severe acute pancrea-
titis, respectively. Moreover, 2 patients were transferred 
from other hospitals with ECMO, established by our 
ECMO team. Vascular access was established via femo-
ral veins (drainage cannula) and internal jugular veins 

(return cannula), of which, 72.2% of patients used percu-
taneous catheterization. The most prevalent mode was 
VV-ECMO (83.3%), while 3 (16.7%) patients converted 
VV-ECMO into VA-ECMO because of hemodynamic 
instability during the catheter-establishment process. 
Patients received ECMO with a mean blood flow of 
2.7 ± 0.6  L/min, of which the PaO2/FiO2 and MAP were 
57 ± 18  mmHg and 74 ± 16  mmHg, respectively. Com-
pared to the non-survivors, the survivors had less severe 
acidosis (pH 7.42 ± 0.16 vs. 7.24 ± 0.14, P = 0.029) before 

Fig. 1  a Flow chart presenting all patients included in the present study. b Temporal distribution of patients included within the study period
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Table 1  Demographic and characteristics of the study patients according to in-hospital mortality and ECMO weaning

BMI body mass index, APACHE II Acute Physiology and Chronic Health Evaluation II score, DM diabetes mellitus, ARDS acute respiratory distress syndrome, IPF 
idiopathic pulmonary fibrosis, ECMO extracorporeal membrane oxygenation, ABGA arterial blood gas analysis, PaO2 arterial oxygen tension, PaCO2 arterial carbon 
dioxide tension, SaO2 arterial oxygen saturation, FiO2 fraction of inspiratory oxygen, PEEP positive end-expiratory pressure, PIP peak inspiratory pressure, Compliance 
pulmonary dynamic compliance, IMV invasive mechanical ventilation, VV venovenous, VA venoarterial, IQR interquartile range
a The worst level preECMO
b ml/kg of predicted body weight
* P value < 0.05

Variables Total
(n = 18)

Successfully 
weaned 
group (n = 7)

Unsuccessfully 
weaned group 
(n = 11)

P Survivor
(n = 5)

Non-survivor (n = 13) P

Gender (male/female) 10/8 3/4 7/4 0.630 2/3 8/5 0.608

Age, years 39 ± 13 43 ± 10 36 ± 13 0.233 44 ± 13 37 ± 13 0.319

BMI, kg/m2 21.1 ± 2.2 21.0 ± 1.7 21.2 ± 2.6 0.816 21.2 ± 1.7 21.1 ± 2.4 0.931

APACHII score 20 (18–26) 19 (18–20) 23 (17–30) 0.246 20 (19–23) 20 (17–30) 0.100

Underlying diseases, n (%) 1.000 1.000

  DM 2 (11.1) 1 (14.3) 1 (9.1) 1 (20.0) 1 (7.7)

  Hypertension + DM 1 (5.6) 0(0) 1 (9.1) 0(0) 1 (7.7)

  Hepatitis B 1 (5.6) 0(0) 1 (9.1) 0(0) 1 (7.7)

Causes of ARDS, n (%) 0.170 0.711

  Bacterial pneumonia 11 (61.1) 3 (42.9) 8 (72.7) 3 (60.0) 8 (61.5)

  Avian influenza A(H7N9) virus 5 (27.8) 3 (42.9) 2 (18.2) 2 (40.0) 3 (23.1)

  Sepsis-related 1 (5.6) 1 (14.3) 0 (0) 0 (0) 1 (7.7)

  IPF 1 (5.6) 0 (0) 1 (9.1) 0 (0) 1 (7.7)

Pre-ECMO ABGA, median (IQR)

  pH 7.28 (7.20–7.37) 7.41 (7.20–7.50) 7.26 (7.16–7.33) 0.069 7.42 ± 0.16 7.24 ± 0.14 0.029*

  PaO2, mm Hg 60 (47–74) 59 (56–62) 60 (45–81) 0.930 59 (51,62) 60(46,78) 0.703

  PaCO2, mm Hg 50 (39–64) 39 (31–64) 58 (43–65) 0.151 33 (29,70) 58(43,65) 0.059

  Plasma bicarbonate, mmol/L 23 (20–26) 24 (22–26) 23 (18–28) 0.328 26 ± 7 22 ± 4 0.158

  SaO2, (%) 84 (68–94) 87 (82–91) 80 (65–94) 0.596 83 ± 13 81 ± 14 0.800

  Pre-ECMO MAP, mm Hg 74 ± 16 85 ± 12 67 ± 14 0.009* 86 ± 15 69 ± 14 0.041*

  Pre-ECMO blood flow, L/min 2.7 ± 0.6 2.7 ± 0.3 2.7 ± 0.7 0.979 2.7 ± 0.4 2.7 ± 0.7 0.961

Pre-ECMO ventilation parameters

  PaO2/FiO2, mmHga 57 ± 18 54 ± 12 59 ± 21 0.548 51 ± 13 60 ± 19 0.37

  FiO2 1.0 ± 0 1.0 ± 0 1.0 ± 0 – 1.0 ± 0 1.0 ± 0 –

  PEEP, cm H2O 13 ± 5 13 ± 4 13 ± 6 0.803 10 (10–16) 12 (9–18) 0.775

  Tidal volume, ml/kgb 7.0 ± 2.3 7.4 ± 2.7 6.8 ± 2.2 0.638 6.0 ± 1.5 7.4 ± 2.5 0.273

  Respiratory rate, breaths/ min 21 ± 6 20 ± 4 21 ± 8 0.714 20 (18–24) 18 (16–25) 0.443

  PIP, cm H2O 28 (2–32) 30 (28–32) 26 (24–32) 0.285 30 (27–37) 28 (24–32) 0.443

  Compliance, ml/cm H2O 40 ± 11 39 ± 13 41 ± 10 0.715 36 ± 14 41 ± 9 0.345

Pre-ECMO course

  IMV to ECMO, hours 29 (12–80) 29(16–106) 24(10–72) 0.425 29 (13–76) 29 (11–18) 1.0

  PaO2/FiO2 < 100 mmHgOn 
FiO2 = 1.0 to ECMO, hours

11(7–20) 12(8–31) 11(6–20) 0.860 12 (6–26) 11 (7–18) 0.703

ECMO mode, n(%) 0.245 0.522

  VV 15 (83.3) 7 (100) 8 (72.7) 5 (100) 10 (76.9)

  VV-VA 3 (16.7) 0(0) 3 (27.3) 0 (0) 3 (23.1)

Access of catheterization 1.000 0.583

  Percutaneous catheterization 13 (72.2) 5 (71.4) 8 (72.7) 3 (60.0) 10 (76.9)

  Surgical cut-down catheterization 5 (27.8) 2 (28.6) 3 (27.3) 2 (40.0) 3 (23.1)

Location of ECMO decision, n(%) 0.710 1.000

  Medical intensive care unit 10 (55.6) 3 (42.9) 7 (63.7) 3 (60.0) 7 (53.8)

  Surgical intensive care unit 1 (5.6) 0 (0) 1 (9.1) 0 (0) 1 (7.7)

  Emergency intensive care unit 5 (27.8) 3 (42.9) 2 (18.2) 1 (20.0) 4 (30.8)

  Other hospitals 2 (11.1) 1 (14.3) 1 (9.1) 1 (20.0) 1 (7.7)
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ECMO. Additionally, there was a significant difference 
in arterial pressure between the successful and unsuc-
cessful weaning group (85 ± 12 vs. 67 ± 14, P = 0.009), so 
as the survivors and non-survivors (86 ± 15 vs. 69 ± 14, 
P = 0.041). However, the other variables of the demo-
graphic and characteristics showed no significant differ-
ences between the successful and unsuccessful weaning 
group, as well as the survivors and the non-survivors 
(Table 1).

Clinical data
All patients underwent IMV, with an average IMV dura-
tion of 29 (12,80) h, VT of 413 (323–531) ml, PEEP of 12 
(10–18) cmH2O, and PIP of 28 (25–32) cmH2O before 
ECMO. After 48  h on ECMO, PaO2 increased from 
60 (47–74) mmHg to 90 (71–120) mmHg (P = 0.003), 
PaCO2 declined from 50 (39–64) mmHg to 42 (34–45) 
mmHg (P = 0.033), and SaO2 increased from 84 (68–94) 
to 97 (96–100) % (P = 0.001). As shown in Table 2 and 
Fig. 2 summarizes time-varying changes in arterial gas 
blood analysis and ventilator settings, showing a trend 
of gradual improvement in several circulatory and 
respiratory physiological indicators. Considering the 
laboratory results, the successful weaning group had a 
lower level of pTB (31.3 ± 8.8 vs. 132.7 ± 109, P = 0.012) 
compared to the unsuccessful weaning group. Further-
more, compared to the non-survivors, the levels of pCr 
(110 ± 46 vs. 203 ± 89, P = 0.043) and pTB (29.1(24.1–
32.3) vs. 81.0 (34.4–207.4), P = 0.046) in survivors were 
lower.

Figure  3 describes the usage of red blood cells 
(RBC), sodium bicarbonate (SB), albumin (ALB), and 

intravenous immunoglobulin (IVGB) during ECMO 
and in the hospital. We adopted a restricted transfu-
sion strategy. The results showed that there was no sig-
nificant difference in the total number of concentrated 
red blood cells transfused in hospitals between survi-
vors and death groups. For patients with severe infec-
tion, “Intravenous immunoglobulin (IVIG) 5%:50  ml” 
is given to enhance immunity and anti-infection abil-
ity. Through comparison, we found that the successful 
weaning group had a lower accumulation of sodium 
bicarbonate during ECMO (0 (0–125) vs. 225(30–
1275), P = 0.035), and a higher accumulation of intra-
venous immunoglobulin in hospital (3500 (1000–4000) 
versus 0 (600–1600), P = 0.035). Yet by the same analy-
sis, there was no significant difference in total immu-
noglobulin infusion during hospitalization between the 
survivors and non-survivors.

As shown in Fig.  4, we did not observe a significant 
difference between survivors and non-survivors in 
terms of fluid balance prior to ECMO support from 
day 1 to day 7. Patients in the successful weaning group 
were more likely in a negative daily fluid balance state, 
while the unsuccessful weaning group was the opposite.

Outcomes
Out of 18 patients, 7 were successfully weaned off ECMO, 
2 of whom died of multiple organ dysfunction syndrome 
later on. Of these 13 death cases, 4 died of septic shock, 
3 of multiple organ dysfunction syndrome (MODS), 2 
of respiratory failure, and 4 of treatment abandonment 
made by relatives due to unsatisfied therapeutic effect, 
respectively (Table  3). Figure  5 shows Kaplan–Meier 

Table 2  Comparisons of data in arterial blood gas analysis and the parameters of mechanical ventilation before and during VV-ECMO

PS pressure support
* P value < 0.05

Variables Before ECMO 2 h on ECMO 6 h on ECMO 12 h on ECMO 24 h on ECMO 48 h on ECMO p

ABGA, median (IQR)

  PaO2, mmHg 60 (47–74) 60 (47–97) 86 (61–101) 97 (73–144) 78 (53–100) 90 (75–130) 0.001*

  PCO2,mmHg 50 (39–64) 35 (29–39) 33 (29–36) 31 (30–40) 38 (30–42) 42 (34–45) 0.000*

  SaO2,(%) 84 (68–94) 93 (81–98) 98 (93–99) 98 (93–99) 96 (92–98) 97 (96–100) 0.000*

  PH 7.28 (7.20–7.37) 7.43 (7.36–7.47) 7.43 (7.36–7.49) 7.40 (7.31–7.48) 7.40 (7.35–7.47) 7.43 (7.37–7.47) 0.071

  HCO3- 23 (20–26) 23 (20–24) 22 (21–24) 22 (20–25) 24 (22–26) 25 (22–29) 0.003*

Mechanical ventilation settings, median (IQR)

  FiO2, (%) 1.0 (1.0–1.0) 1.0 (1.0–1.0) 0.8 (0.6–1.0) 0.8 (0.6–1.0) 0.8 (0.6–1.0) 0.8 (0.6–1.0) 0.000*

  PEEP, cm H2O 12 (10–18) 12(10–15) 12 (10–15) 12 (10–15) 12 (11–17) 13 (10–20) 0.439

  PS, cmH20 15 (14–18) 15 (14–18) 15 (13–18) 15 (13–17) 15 (13–16) 15 (10–16) 0.087

  Tidal volume, ml 413 (323–531) 381 (287–503) 397 (286–561) 345 (218–32) 351 (231–77) 318 (167–47) 0.457

  Respiratory rate, /min 20 (16–24) 18 (16–22) 17 (16–22) 18 (16–21) 17 (14,23) 18 (16–20) 0.356

  Peak airway pressure, cm H2O 28 (25–32) 29 (24–32) 30 (24–32) 27 (23–33) 30 (23–33) 25 (22–32) 0.131

  Compliance, ml/cm H2O 37 (34–49) 36 (34–46) 36 (33–47) 35 (27–39) 33 (26–35) 33 (24–37) 0.001*
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plots of a total survival. The total durations of ECMO, 
IMV, ICU and hospitalization were approximately 5 (3,9) 
d, 10 (5,17) d, 13 (6,19) d and 18(6,28) d, respectively 
Table  3. Compared to the unsuccessful weaning group, 
the successful weaning group had a longer duration on 
IMV (13 (12-28) vs. 7 (4-9), P =0.008), a longer stay in 
ICU (18 (15-28) vs. 6 (3-10), P =0.004), a longer stay in 
hospital (28 (25-101) vs. 6 (3-17), P =0.001), and a lower 
mortality (28.6% vs. 100%, P =0.002). (Fig. 5).

Compared to the unsuccessful weaning group, the 
successful weaning group had a longer duration of 
IMV (13 (12–28) vs. 7 (4–9), P = 0.008), ICU stay (18 
(15–28) vs. 6 (3–10), P = 0.004), and hospital stay (28 

(25–101) vs. 6 (3–17), P = 0.001), whereas with lower 
mortality (28.6% vs. 100%, P = 0.002). The complica-
tions during ECMO included ventilator-associated 
pneumonia in 12 patients (66.7%), hemorrhage in 12 
patients (66.7%), of which were pulmonary hemor-
rhage (n = 7), gastrointestinal hemorrhage (n = 6), 
cannula or surgical site bleeding (n = 5), and cerebral 
hemorrhage (n = 1), acute renal failure in 12 patients 
(66.7%), hyperbilirubinemia in 8 patients (44.4%), 
mechanical complications in 6 patients (33.3%), and 
hemolysis in 5 patients (27.8%). Almost all patients had 
hyperglycemia (n = 17, 94%), which has been described 
in Table 4.

Fig. 2  Patients had a gradual ascending tendency of PaO2 while a declining tendency of PaCO2 at the early stage of ECMO, especially 
within the first 12 h

Fig. 3  Usage of red blood cells (RBC), sodium bicarbonate (SB), albumin (ALB), and intravenous immunoglobulin (IVGB) in survivors 
and non-survivors and successful weaning group and unsuccessful weaning group of ECMO support
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Discussion
The main findings of the present retrospective investiga-
tion are as follows: (a) the rate of successfully weaning 
from ECMO was 38.9%, and the overall mortality and 
the complication rate were 72.2% and 77.8%, respectively; 
(b) overall, patients experienced a gradual ascending 

tendency of PaO2 and the declining tendency of PaCO2 
at the early stage of ECMO, particularly within the first 
12 h; (c) patients in the successful weaning group had a 
lower pTB value and a less accumulation of sodium bicar-
bonate during ECMO, a less accumulation of intravenous 
immunoglobulin in hospital and lower mortality when 

Fig. 4  Mean fluid balance in survivors and non-survivors of severe ARDS during the first week of ECMO support. Error bars represent 
the mean ± standard deviation. *p < 0.05 comparing survivors and non-survivors

Table 3  Complications during ECMO and causes of death in hospital

Acute renal failure serum creatinine > 1.5 mg/dl

Hyperbilirubinemia total bilirubin > 2 mg/dl or indirect bilirubin > 15 mg/dl

Hyperglycemia blood glucose > 13.3 mmol/L

MODS multiple organ dysfunction syndrome

Complications N (%) Metabolic dysfunction

Mechanical 6 (33.3) Hyperbilirubinemia 8 (44.4)

Oxygenator failure 3 (16.7) Hyperglycemia 17 (94.4)

Circuit rupture 4 (22.2) Causes of death N (%)

Circuit clot 1 (5.6) MODS 3 (23.1)

Hemorrhage 12 (66.7) Sepsis shock 4 (30.8)

Gastrointestinal hemorrhage 6 (33.3) Give-up 4 (30.8)

Cerebral hemorrhage 1 (5.6) Respiratory failure 2 (15.4)

Pulmonary hemorrhage 7 (38.9)

Cannula or Surgical site bleeding 5 (27.8)

Nosocomial infection 12 (66.7)

Catheter-related bloodstream infection 2 (11.1)

Ventilator-associated pneumonia 12 (66.7)

Acute renal failure 12 (66.7)

Hemolysis 5 (27.8)
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compared to the unsuccessful weaning group; (d) the 
increased mortality was associated with more severe aci-
dosis and lower mean arterial pressure before ECMO, as 
well as increased serum creatinine and total bilirubin val-
ues during ECMO.

This investigation focused on refractory ARDS patients 
supported by VV-ECMO, aiming at evaluating the ther-
apeutic effect and exploring appropriate management 
of the rescue option. None of the studied patients had 
severe cardiac dysfunction before ECMO.

It is now well established that bilirubin is a marker of 
hepatic dysfunction, which is not only caused by hepatic 
diseases but also by hemolysis and hypoxia, simultaneously 

or/and at different times. We identified a lower level of 
total bilirubin in survivors during ECMO (29.1 (24.1,32.3) 
vs. 81.0 (34.4,207.4), P < 0.05), which accords with a previ-
ous report that bilirubin was a risk factor of mortality in 
patients with VV-ECMO for ARDS [11]. Serum creatinine 
might have various values during ECMO, yet it needs fur-
ther investigation by larger cohort studies [12, 13].

Another key finding is that the cumulative volume of 
sodium bicarbonate during ECMO and intravenous 
immunoglobulin (IVIG) in hospitals has distinct different 
values between the successful and unsuccessful wean-
ing groups. Sodium bicarbonate compensates for an aci-
dotic cellular environment to a certain extent; however, 
its impact on metabolic acidemia remains controversial 
[14, 15]. A recent multicenter, randomized, controlled 
trial revealed that in patients with severe metabolic aci-
demia (pH ≤ 7.20), sodium bicarbonate treatment had no 
effect on mortality by day 28 or the presence of at least 
one organ failure at day 7, but reduced the need for renal-
replacement therapy [16]. Additionally, the effect of IVIG 
treatment remains controversial in patients with sepsis 
[17, 18]. Recent evidence has reported that immunoglob-
ulins did not benefit patients with severe ARDS requir-
ing ECMO support [20]. Hence, additional research is 
needed to better understand the impact of sodium bicar-
bonate and IVIG therapy on this kind of population.

A large randomized trial has discovered that a con-
servative fluid-management strategy contributes to 
shortening ventilation duration and improving treat-
ment outcomes of ICU patients [19, 20]. Recent research 
revealed a positive fluid balance on ECMO day 3 was 

Fig. 5  Shows Kaplan–Meier plots of the total survival. The total 
duration of ECMO, IMV, ICU, and hospitalization

Table 4  Clinical characteristics and outcome

a Mortality, in-hospital mortality including patients who refused further treatment and weaned followed by death, Cr creatinine, TB total bilirubin, ICU intensive care 
unit, i initial, p peak, 

*P value < 0.05

Variables Total  (n = 18) Successfully  
weaned group
(n = 7)

Unsuccessfully 
weaned group 
(n = 11)

P value Survivor (n = 5) Non-survivor (n = 13) P

Laboratory finds

  iCr, mmol/L 98 (71–123) 110 (49–219) 87 (75–110) 0.479 105 (46–120) 91 (77–170) 0.503

  pCr, mmol/L 177 ± 89 163 ± 102 187 ± 84 0.593 110 ± 46 203 ± 89 0.043 *

  iTB, μmol/L 13.3 (8.9–26.2) 20 (10.3–28.7) 12.0 (8.1–20.1) 0.425 20.0 (6.3–27.0) 12.0 (8.6–28.6) 0.849

  pTB, μmol/L 93.3 ± 98.0 31.3 ± 8.8 132.7 ± 109.0 0.012* 29.1(24.1–32.3) 81.0 (34.4–207.4) 0.046 *

  iLactate, mmol/L 2.7 (1.4–4.0) 1.4 (1.0–3.0) 3.0 (1.7–4.0) 0.126 1.4 (1.0–2.6) 3.0 (1.5–4.6) 0.117

  pLactate, mmol/L 5.0 (2.3–12.3) 2.5 (1.9–5.3) 8.0 (2.4–18.9) 0.056 2.2 (1.9–4.4) 5.8 (2.5–16) 0.059

  Days on ECMO 5 (3–9) 7 (3–10) 4 (2–9) 0.375 7 (4–10) 4 (3–10) 0.443

  Days on IMV 10 (5–17) 13 (12–28) 7(4,9) 0.008* 12 (12–25) 8 (4–18) 0.117

Clinical outcomes

  Mortalitya  n(%) 13 (72.2) 2 (28.6) 11 (100) 0.002*

  Length of stay in ICU, days 13 (6,19) 18 (15–28) 6 (3–10) 0.004* 16 (15–38) 8 (4–18) 0.075

  Length of stay in hospital, 
days

18 (6–28) 28 (25–101) 6 (3–17) 0.001* 28 (25–102) 8 (5–19) 0.007 *
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associated with higher hospital mortality [19]. However, 
no statistically significant difference was detected in 
our research, suggesting more future studies would be 
needed to better understand the discrepancy.

The overall complication rate in our study was 77.8%, 
of which bleeding complication was the most common 
(66.7%). Hemostasis is a complex process with many cel-
lular interactions that might affect patients with ECMO. 
Continuous use of heparin and intensive consumption of 
coagulation factors might relate to the complication. The 
abnormal level of bilirubin, associated with hepatic dys-
function, might also contribute to a decrease in clotting 
factors. Hemorrhage is highly related to ECMO mortality 
in some large series and registry data [21, 22]. One case 
with a fatal intracranial hemorrhage survived because 
of the timely response and appropriate treatment of our 
intensivist and surgeons. Therefore, identifying and treat-
ing complications in the early stage is critical. Several stud-
ies reported that hemorrhage and hemolysis increased 
blood product usage, indicating an independent asso-
ciation with outcomes of patients with ECMO [23, 24]. 
Although a restrictive transfusion policy for critically ill 
patients has been reported to better prognosis [25, 26], the 
benefit for patients on ECMO remains uncertain. There 
is no statistically significant difference in the volume of 
PRBCs (Packed Red Blood Cells) received between survi-
vors and non-survivors during ECMO or in-hospital from 
this finding, which is in line with a previous report [27].

The rate of mortality and complication in the present 
analysis was 72.2 and 77.8%, respectively. The high inci-
dence might be attributed to the low utility of suggested 
managements such as prone positioning [28, 29] and 
neuromuscular blocking agents [30] before ECMO. These 
strategies are recommended by ELSO when patients have 
received optimal care for at least 6 h, their PaO2/FiO2 is 
still lower than 100 with the FiO2  >  90% [31]. The best 
outcome for adults with respiratory failure happens when 
the ECMO initiation is on the early onset of the disease 
(1–2 days), while in our case, it was [11 (7, 20)] h. Never-
theless, the patients in our study had more critical condi-
tions, with mean APACHE II scores of 20 (18–26). The 
learning curve of VV-ECMO by all ECMO members, 
especially intensivists in ICU, and a difference in patient 
selection, might also affect the outcomes. Hence, we 
emphasized early implementation according to the rec-
ognition and patient characteristics.

Despite  the undesirable results, patients had a grad-
ual ascending tendency of PaO2 and a declining ten-
dency of PaCO2 at the early stage of ECMO. Therefore, 
VV-ECMO is an ultimate rescue measure for refrac-
tory ARDS because of the rapid correction of severe 
gas exchange disorders. Critical illness is a complex 
situation in which development is influenced by various 

factors, better outcomes could be expected through 
larger randomized controlled trials, experience accu-
mulation, and ECMO support.

There are several limitations in this study. First, it was 
conducted in a single institution, which might limit the 
generalizability. Second, the retrospective analysis of the 
data could have been biased by residual confounders so 
it might not be suitable for the multivariable analysis. 
Finally, the sample size was relatively small to accurately 
assess the efficacy of VV-ECMO. Despite the above lim-
itations, our medical center took the lead in developing 
ECMO technology and conducting the first investiga-
tions on whether VV-ECMO improves the prognosis of 
severe ARDS patients in China. Our treatment experi-
ence reflects the clinical situation in China to some 
extent. In the future, we plan to collaborate with mul-
tiple ECMO centers in China to conduct multicenter 
clinical trials, providing reliable clinical evidence for the 
application of VV-ECMO in treating severe ARDS.

In conclusion, severe ARDS is a disease with complex 
pathogenesis and time-varying progression. Therefore, a 
single therapeutic strategy often fails to achieve satisfac-
tory outcomes. However, our findings enhance the exist-
ing knowledge that VV-ECMO can effectively improve the 
oxygenation and ventilation of patients with severe ARDS. 
Besides, we highlight the early initiation of ECMO, with 
appropriate management strategies, which could contrib-
ute to reducing the risk of comorbidities and mortality.
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