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Abstract: The high mortality rate of patients with severe acute respiratory distress syndrome (ARDS)
warrants aggressive clinical intervention. Extracorporeal membrane oxygenation (ECMO) is a salvage
therapy for life-threatening hypoxemia. Randomized controlled trials of ECMO for severe ARDS
comprise a number of ethical and methodological issues. Therefore, indications and optimal timing
for implementation of ECMO, and predictive risk factors for outcomes have not been adequately
investigated. We performed propensity score matching to match ECMO-supported and non-ECMO-
supported patients at 48 h after ARDS onset for comparisons based on clinical outcomes and hospital
mortality. A total of 280 severe ARDS patients were included, and propensity score matching of
87 matched pairs revealed that the 90-d hospital mortality rate was 56.3% in the ECMO group and
74.7% in the non-ECMO group (p = 0.028). Subgroup analysis revealed that greater severity of ARDS,
higher airway pressure, or a higher Sequential Organ Failure Assessment score tended to benefit
from ECMO treatment in terms of survival. Multivariate logistic regression revealed that hospital
mortality was significantly lower among patients who received ECMO than among those who did
not. Our findings suggested that early initiation of ECMO (within 48 h) may increase the likelihood
of survival for patients with severe ARDS.

Keywords: acute respiratory distress syndrome; extracorporeal membrane oxygenation; propensity
score matching analysis; mortality

1. Introduction

Acute respiratory distress syndrome (ARDS) is a lethal form of acute respiratory failure
with hypoxemia. The mortality rate among patients with the severe form of ARDS exceeds
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40% [1,2]. A lung-protective ventilation strategy with lower tidal volumes and lower
airway pressures remained the mainstay of management for ARDS, and early application
of prolonged prone position was suggested for severe ARDS to improve oxygenation and
improve the likelihood of survival [3,4]. In the event that lung-protective ventilation is
ineffective, extracorporeal membrane oxygenation (ECMO) can be used as a rescue therapy
to treat refractory hypoxemia and alleviate ventilator-induced lung injury [5-7]. However,
ECMO is a highly invasive technique with potentially devastating complications, and it
is generally applied only in highly enabled medical centers [5,7,8]. At present, the actual
survival benefits of ECMO in cases of severe ARDS have not been thoroughly investigated.

Two recent randomized controlled trials have assessed the efficacy of ECMO in cases
of severe ARDS: Conventional Ventilatory Support versus Extracorporeal Membrane Oxy-
genation for Severe Adult Respiratory Failure (CESAR) [9] and the ECMO to Rescue Lung
Injury in Severe ARDS (EOLIA) [10]. Trials of ECMO as a rescue treatment in patients with
severe ARDS pose difficult ethical and methodological issues. Nonetheless, propensity
score matching can be used in observational cohort studies to elucidate the effects of ECMO
in patients with severe ARDS in real-world scenarios [11].

In the current study, we applied propensity score matching to data obtained from
previous observational cohort studies performed in a high-volume ECMO center in Tai-
wan [12,13]. Our primary objective was to elucidate the influence of ECMO on clinical
outcomes and hospital mortality among patients with severe ARDS. Specifically, we sought
to determine whether the 28-day, 60-day, or 90-day in-hospital mortality of ECMO patients
was lower than that of non-ECMO patients. We also compared the two groups in terms of
ventilator-, ICU-, and hospital-free days.

2. Materials and Methods
2.1. Study Design and Patients

This matched cohort study was based on propensity scores derived from previous
studies of patients with severe ARDS. One study, conducted between May 2006 and October
2015 [12], collected background characteristics, variables of arterial blood gas, mechanical
ventilator settings, and Sequential Organ Failure Assessment (SOFA) scores obtained prior
to ECMO initiation. Another prospective observational cohort study conducted between
September 2012 and September 2015 [13] collected background characteristics, variables
of arterial blood gas, mechanical ventilator settings, and the SOFA score on the day of
ARDS onset (day 1) as well as on days 3 (i.e., 48 h), 7, and 14 after the initial diagnosis. All
severe ARDS patients with or without ECMO support were deeply sedated and paralyzed
with continuous neuromuscular blockade during the first days of ARDS, and respiratory
mechanics data were collected during neuromuscular blockade.

Both of these studies were conducted at Chang Gung Memorial Hospital (CGMH)
in Taiwan, a tertiary care referral center featuring a 3700-bed general ward and 278-bed
adult intensive care unit (ICU). It also operates as an ECMO center, with more than
100 cases of venoarterial and venovenous ECMO annually. At this institution, the decision
to initiate ECMO cannulation is made by the treating intensivist and cardiac surgeon.
The criteria for ECMO initiation in severe ARDS patients were persistent hypoxemia
(PaO, /FiO; ratio <80 mm Hg) for at least 6 h despite aggressive mechanical ventilation
support as positive end-expiratory pressure (PEEP) >10 cm H,O or peak inspiratory
pressure >35 cm HyO. The exclusion criteria were (1) age <20 years, (2) malignancies with
poor prognosis within 5 years, (3) significant underlying comorbidities or severe multiple
organ failure refractory to treatment, and (4) mortality within 24 h after ECMO initiation.
The initial mechanical ventilator settings protocol after ECMO support was as follows: tidal
volume 4-6 mL/kg predicted body weight; PEEP 10-15 cm H,O; peak inspiratory pressure
25-30 cm H;O; respiratory rate 10-12 breaths per minute; and FiO, adjusted to maintain
arterial oxygen saturation above 90%. The ECMO introduction criteria and mechanical
ventilator settings protocol did not change from 2006 to 2015.
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In recent studies on severe ARDS patients with refractory hypoxemia, the median
ARDS duration prior to ECMO initiation has been 2 days [9,14-16]. Thus, we recruited non-
ECMO patients who were still diagnosed with severe ARDS at 48 h after ARDS onset. This
approach was meant to control for potential bias, which may have arisen when matching
patients who received ECMO at a later time point with those who did not receive ECMO at
baseline or an earlier time point. The local Institutional Review Board for Human Research
approved this study (CGMH IRB No. 201600632B0 and 201203949B0) and waived the need
for informed consent.

2.2. Definitions

Severe ARDS was defined in accordance with the Berlin criteria [1]. Hospital mortality
refers to all-cause death during the hospital stay. Patients who remained alive for 90 days
after discharge from the hospital were regarded as survivors. Dynamic driving pressure
was calculated as peak inspiratory pressure minus PEEP [12,17], and mechanical power
was calculated using the following equation [17-19]:

Mechanical power (Joules/minutes) (J/min) = 0.098 x tidal volume x respiratory rate
x (peak inspiratory pressure — 1/2 x driving pressure).

2.3. Statistical Analysis

Continuous variables were presented as mean + standard deviation or median (in-
terquartile range), and categorical variables were reported as numbers (percentages). The
student’s ¢ test or the Mann-Whitney U test was used to compare continuous variables
between groups. Categorical variables were tested using the chi-square test for equal
proportions or Fisher’s exact test.

Propensity score matching was performed to reduce the confounding effects and the
likelihood of selection bias using a nearest-neighbor algorithm with 1:1 matching without
replacement and a caliper distance of less than 0.2. Matching was performed for age,
body mass index, SOFA score, PaO,/FiO; ratio, and dynamic driving pressure. Each
ECMO-supported patient was matched with a non-ECMO supported patient presenting
the smallest absolute difference in propensity scores. Receiver operating characteristic
curves and the Youden index were used to determine the cutoff to dichotomize continuous
variables. For subgroup analysis, treatment and subgroup interactions were tested using a
one-step model with median values to partition subgroups based on quantitative character-
istics. Multivariate logistic regression was also used to estimate the probability of receiving
ECMO for each observation. Risk factors associated with hospital mortality were analyzed
using univariate analysis in the first step, followed by a multivariate logistic regression
model with stepwise selection. The results are presented using odds ratio (OR) and 95%
confidence intervals (CI). Cumulative mortality curves were generated as a function of
time using the Kaplan-Meier approach and compared using the log-rank test. All statistical
analysis was performed using SPSS 22.0 and R 3.6.3 statistical software, and a two-sided
p value of <0.05 was considered statistically significant.

3. Results
3.1. Patients

The ECMO group was drawn from a pool of 158 patients with severe ARDS who
received ECMO (between 2006 and 2015), and the overall all-cause in-hospital mortality
rate was 55.1%. The non-ECMO study group was drawn from 122 patients who were
reclassified as severe ARDS at 48 h after ARDS onset (between 2012 and 2015), and the
overall all-cause in-hospital mortality rate was 79.5%. Nearly all of the severe ARDS pa-
tients received pressure-controlled ventilation, regardless of whether they received ECMO
support. Procedural implementation of ECMO did not vary significantly between 2006
and 2015, and we observed no significant variations in hospital mortality throughout the
study period (2006-2011: mortality rate 55.7%; 2012-2015: mortality rate 54.4%, p = 0.873).
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We included 87 patients within each group, based on propensity score matching for ARDS
severity and patient characteristics (Figure 1).

165 Severe respiratory failure patients 1034 ARDS patients fulfilled Berlin
receiving ECMO during 2006 ~ 2015 definition during 2012 ~ 2015

Excluded:

* 5 heart failure
or cardiogenic  [¢—
shock

* 2 missing data

A 4 v

. 122 severe ARDS patients
158 sever.e‘ARDS patients after 48 hours treated
receiving ECMO

conventionally

A4

87 matched pairs of propensity score matching

Figure 1. Flow diagram showing the enrollment of patients with severe ARDS who were or were
not administered ECMO support via propensity score matching. (ARDS, acute respiratory distress
syndrome; ECMO, extracorporeal membrane oxygenation).

3.2. Comparisons of ECMO Group and non-ECMO Group before and after Matching

Prior to matching, age, body mass index, and SOFA scores were higher in the non-
ECMO group than in the ECMO group (all p < 0.05) (Table 1). We observed no significant
differences between ECMO and non-ECMO patients in terms of comorbidities or any of
the baseline ventilator settings other than dynamic driving pressure (p = 0.022). Hospital
mortality was significantly lower in the ECMO group than in the non-ECMO group (55.1%
vs. 79.5%, p < 0.001).

After matching, the median ARDS duration prior to ECMO initiation was 40 h in
the ECMO group, which is close to the ARDS duration at the time when the patient was
reclassified as severe ARDS in the non-ECMO group (i.e., 48 h after ARDS onset). We
observed no significant differences between the two groups in terms of demographics,
comorbidities, or clinical variables (including ventilator settings). Nonetheless, hospital
mortality was significantly lower among patients in the ECMO group than among those in
the non-ECMO group (59.8% vs. 77%, p = 0.014).

3.3. Outcomes

Prior to matching, the overall 90-day survival rate was significantly higher among
patients with ECMO support than among those without ECMO support (47.5% vs. 22.1%,
p <0.001, log-rank test) (Figure 2a). After matching, the overall 90-day survival rate was
still significantly higher among patients with ECMO support than among those without
ECMO support (43.7% vs. 25.3%, p = 0.028, log-rank test) (Figure 2b). Survival curves
after matching revealed a higher prevalence of early death in the ECMO group; however,
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their 28-day hospital mortality rate was non-significantly lower (p = 0.371), and the 60-day
hospital mortality rate was significantly lower (p = 0.025). The duration of mechanical
ventilation, length of ICU stay, and hospital stay were all significantly longer in the ECMO
group (all p < 0.05). No significant differences were observed between the two groups in
terms of the number of ventilator-free days at 28, 60, or 90 days. The number of 90-day
ICU-free days was significantly longer in the ECMO group (p = 0.046) (Table 2).

3.4. Subgroup Analysis

As shown in Figure 3, patients with ARDS of greater severity (lung injury score > 3.5,
PaO,/FiO, < 75 mmHg), higher airway pressure (PEEP > 12 cm H;O, peak inspiratory
pressure > 33 cm HyO, or dynamic driving pressure > 20.5 cm HyO), or organ dysfunction
of greater severity (SOFA score > 11) benefited significantly from ECMO treatment (all
p <0.05).

Table 1. Background characteristics of severe ARDS patients with or without ECMO before and after matching.

Variables Before Matching After Matching

ECMO Non-ECMO ECMO Non-ECMO

(n =158) (n=122) 4 (n=87) (n=87) |4
Age (years) 50.3 +16.3 65.1 +14.1 <0.001 58.3 +£13.2 61.9 +14.3 0.082
Gender (male) 108 (68.4%) 79 (64.8%) 0.526 58 (66.7%) 60 (69%) 0.746
Body mass index (kg/m?) 258 +5.2 237+ 44 0.001 248 +4.0 242 +4.6 0.323
ARDS etiologies
Pulmonary cause 121 (76.6%) 95 (77.9%) 0.799 66 (75.9%) 69 (79.3%) 0.585
Extrapulmonary cause 37 (23.4%) 27 (22.1%) 0.799 21 (24.1%) 18 (20.7%) 0.585
Comorbidities
Diabetes mellitus 40 (25.3%) 33 (27%) 0.743 29 (33.3%) 19 (21.8%) 0.09
Cerebrovascular accident 10 (6.3%) 12 (9.8%) 0.280 9 (10.3%) 4 (4.6%) 0.248
Congestive heart failure 13 (8.2%) 5 (4.1%) 0.162 9 (10.3%) 3 (3.4%) 0.132
Coronary artery disease 6 (3.8%) 6 (4.9%) 0.646 6 (6.9%) 4 (4.6%) 0.747
Chronic lung disease 16 (10.1%) 16 (13.1%) 0.436 7 (8%) 14 (16.1%) 0.103
Liver cirrhosis or chronic hepatitis 22 (13.9%) 21 (17.2%) 0.449 16 (18.4%) 17 (19.5%) 0.847
Chronic kidney disease 18 (11.4%) 14 (11.5%) 0.983 14 (16.1%) 9 (10.3%) 0.263
Malignancies 24 (15.2%) 20 (16.4%) 0.784 16 (18.4%) 15 (17.2%) 0.843
SOFA score 109 £32 122 +35 0.001 114 +32 11.8 £ 3.5 0.417
Lung injury score 34+04 34+04 0.225 34+04 34+04 0.482
ARDS duration before ECMO (h) 28 (7-129) 40 (8-153)
PaO, /FiO, (mm Hg) 81.1 +50.4 78.7 £17.8 0.576 80.4 +45.7 79.2 +18.8 0.809
PaCO, (mm Hg) 522 +18.8 52.8 +£19.0 0.803 50.6 +£17.9 53.9 +£20.4 0.258
Ventilator settings
Tidal volume (ml/kg PBW) 77 +£24 82+24 0.098 82126 81424 0.795
PEEP (cm H,0) 120 £238 125+ 2.6 0.123 12+ 26 12.3+£26 0.428
Peak inspiratory pressure (cm HyO) 339465 32.8+5.9 0.130 331458 333454 0.861
Dynamic driving pressure (cm H,O) 219+ 6.2 203 +5.5 0.022 21.0+6.1 209 +£5.0 0.935
Dynamic compliance (ml/cm H,O) 225+11.2 25.6 £16.6 0.072 241 +127 23.8 £9.8 0.828
Total respiratory rate (breaths/min) 242 +71 252 +47 0.142 2421 6.6 253 +4.8 0.207
Minute ventilation (L/min) 10.6 3.8 10.7 £3.2 0.858 10.8 £ 4.0 10.8 £ 3.0 1.000
Mechanical power (J/min) 23.7+£9.6 23677 0.910 23.8 +10.0 239+70 0.946
MP/PBW (x 1073 J/min/kg) 415 £172 437 £ 170 0.297 430 + 188 433 + 152 0.889
MP /Compliance (J/min/mL/cm HyO) 1.27 +0.76 1.12 £0.54 0.065 1.18 £ 0.66 1.15£0.51 0.751
Duration of mechanical ventilator (days) 20 (11.5-38) 14 (8-28.3) 0.001 20 (12-35.9) 16 (8-30) 0.019
Length of ICU stay (days) 23 (13-43) 16 (8-30) 0.003 23 (15-43) 17 (10-31) 0.031
Length of hospital stay (days) 38.5(20.8-64) 29.5(15-51.3)  0.017 37 (20-68) 30 (14-52) 0.035
Hospital mortality, 1 (%) 87 (55.1%) 97 (79.5%) <0.001 52 (59.8%) 67 (77%) 0.014

Data is presented as mean =+ standard deviation, count or median (interquartile range). Abbreviations: ARDS, acute respiratory distress
syndrome; ECMO, extracorporeal membrane oxygenation; FiO,, fraction of inspired oxygen; ICU, intensive care unit; MP, mechanical
power; PaCO,, partial pressure of carbon dioxide in arterial blood; PaO,, partial pressure of oxygen in arterial blood; PBW, predicted body
weight; PEEP, positive end-expiratory pressure; SOFA, Sequential Organ Failure Assessment.
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Figure 2. Kaplan-Meier 90-d survival curves of patients who did or did not receive ECMO support for severe acute respira-

tory distress syndrome: (a) before propensity score matching; (b) after propensity score matching. (ECMO, extracorporeal

membrane oxygenation).

Table 2. Clinical outcomes of severe ARDS patients with or without ECMO after matching.

Outcomes ECMO Non-ECMO p
(n=87) (n=87)
Mortality

28 day hospital mortality, n (%) 40 (46%) 46 (52.9%) 0.371
60 day hospital mortality, 1 (%) 47 (54%) 64 (73.6%) 0.025
90 day hospital mortality, n (%) 49 (56.3%) 65 (74.7%) 0.028

Other outcomes
Ventilator-free days on day 28 28+6.1 28+ 6.0 0.974
Ventilator-free days on day 60 12.8 £19.1 94+175 0.218
Ventilator-free days on day 90 239 +32.6 16.4 +29.8 0.114
ICU-free days on day 90 21.8 +29.4 13.3 £ 264 0.046
Hospital-free days on day 90 129 +£21.7 93+20.1 0.266

Data are presented as mean =+ standard deviation, count or median (interquartile range). Abbreviations: ARDS,
acute respiratory distress syndrome; ECMO, extracorporeal membrane oxygenation; ICU, intensive care unit.

3.5. Multivariate Adjustment

After adjusting for possible confounders in multivariate logistic regression analysis,
the risk of death was significantly lower in the ECMO group than in the non-ECMO group
(Adjusted OR 0.40 (95% CI 0.19-0.81); p = 0.013). Higher SOFA scores and higher dynamic
driving pressure were independently associated with higher hospital mortality, regardless
of whether the patient received ECMO support (Adjusted OR 1.25 (95% CI 1.11-1.43);
p <0.001, and Adjusted OR 1.18 (95% CI 1.02-1.39); p = 0.038, respectively) (Table 3).

Table 3. Multivariate logistic regression analysis with hospital mortality as outcome.

Factors Odds Ratio (95% CI) P
ECMO 0.40 (0.19-0.81) 0.013
SOFA score 1.25(1.11-1.43) <0.001
Dynamic driving pressure 1.18 (1.02-1.39) 0.038

Abbreviation: CI, confidence interval; ECMO, extracorporeal membrane oxygenation; SOFA, Sequential Organ
Failure Assessment. The multivariate analysis model included ECMO, age, body mass index, SOFA, lung
injury score, PaO, /FiO,, positive end-expiratory pressure, peak inspiratory pressure, dynamic driving pressure,
dynamic compliance, and mechanical power.
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OR 95% C.I. p-value Subgroup Analysis

Age

<60 0.47 0.19 1.14 0.099

>60 0.41 0.16 1.03 0.062
BMI

<24 0.38 0.15 0.95 0.042 -

>24 0.50 0.20 1.20 0.126 .
SOFA

<11 0.58 0.22 1.51 0.268 ——

>11 0.33 0.13 0.80 0.016 -—
Lung injury score

<3.5 1.09 0.41 2.92 0.868 b -

>3.5 0.22 0.09 0.52 0.001 -
PaO2/FiO2

<75 0.24 0.07 0.67 0.010 .

>75 0.68 0.27 1.76 0.418 —
PEEP

<12 1.67 0.53 5.46 0.385 ' -

>12 0.23 0.10 0.51 <0.001 &
Peak inspiratory pressure

<33 0.64 0.25 1.58 0.338 —=

>33 0.30 0.12 0.74 0.011 o
Dynamic driving pressure

<20.5 0.55 0.23 1.30 0.175 —=

>20.5 0.27 0.09 0.75 0.016 -
Dynamic compliance

<22.5 0.27 0.10 0.70 0.009 e

>22.5 0.57 0.23 1.38 0.211 b
Mechanical power

<22.5 0.41 0.16 0.99 0.050 —a

>22.5 0.48 0.19 1.18 0.113 —a

0 2 i 6
Favors ECMO Odds Ratio  Favors no ECMO

Figure 3. Subgroup analysis of hospital mortality as a function of baseline clinical variables. (BMI,
body mass index; CI, confidence interval; ECMO, extracorporeal membrane oxygenation; FiO,,
fraction of inspired oxygen; OR, odds ratio; PaO,, partial pressure of oxygen in arterial blood; PEEP,
positive end-expiratory pressure; SOFA, sequential organ failure assessment).

4. Discussion

Our primary insight in this research was the fact that after propensity score matching,
the 90-day hospital mortality of patients who received ECMO was significantly lower than
that of patients who did not receive ECMO support.

The severity of ARDS can change considerably during first few days after onset, and
cases of severe ARDS confirmed after 24 to 48 h present a higher risk of mortality [2,13].
In the LUNG SAFE study, the mortality rate at the time of ARDS onset (43%) was lower
than in cases reclassified as severe ARDS after 24 h (57%) [2]. As compared to patients
in the LUNG SAFE study, those in the current study were older, presented more chronic
diseases, and received higher airway pressure. This may explain why the mortality rates in
the current study were much higher: ARDS onset (58.6%) and reclassified as severe ARDS
after 48 h without ECMO support (79.5%). Our findings suggest that patients with severe
ARDS form a high-risk subgroup for whom adjunctive interventions should be considered
to treat profound hypoxemia.

Two recent randomized controlled trials of ECMO for patients with severe ARDS
presented conflicting results [9,10]. The CESAR trial reported that transfer to an ECMO
center was preferable to continued conventional ventilation in terms of 6-month survival
without disability. However, 24% of the patients randomly assigned to the ECMO arm
did not actually undergo ECMO, and 30% of the patients in the control arm did not
actually receive lung-protective ventilation [10]. Another EOLIA trial reported that 60-day
mortality in the ECMO group was not significantly lower than in the non-ECMO control
group. However, the trial was stopped early, and 28% of the patients in the control group
crossed over to the ECMO group.
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Trials of ECMO involving patients with severe ARDS pose difficult methodological
and ethical issues. Strict exclusion criteria based on patient characteristics are not neces-
sarily feasible in real-world scenarios, such that the recruitment of a sufficient number of
patients would take a long time in the ECMO trials. Note that the CESAR and EOLIA trials
required more than five years to assemble a meaningful cohort [9,10]. Another issue is
guaranteeing the safe transport of patients and balancing the risks versus the benefits of
referral to specialized medical centers. There is the issue of variability among centers in
terms of ECMO techniques and patient management. There is also the issue of crossover
from the control group to ECMO treatment [5,20]. Taken together, these issues make it
exceedingly difficult to interpret the results of ECMO trials or form informed conclusions
pertaining to the actual benefits of ECMO in real-world scenarios.

One previous study using propensity score matching for influenza-induced ARDS
reported similar mortality rates among patients treated using ECMO and those receiving
conventional interventions. However, those patients were suffering from ARDS of homoge-
nous etiology (i.e., pandemic influenza A; HIN1), which is not necessarily generalizable to
ARDS from other causes [14]. Thus, we applied propensity score matching to the findings
obtained in previous observational cohort studies covering a range of etiologies [12,13].
Our results revealed that after matching, 60-day and 90-day hospital mortality was sig-
nificantly lower in the ECMO group and 90-day ICU-free days was significantly longer.
These results are consistent with those of two meta-analysis studies [20,21]. One recent
observational cohort study also reported that ECMO reduced mortality in patients with
severe respiratory failure due to coronavirus disease 2019 (COVID-19) [16]. These above
studies demonstrated that ECMO treatment may have a survival benefit in some patients
with severe ARDS.

However, severe ARDS patients supported with ECMO in our study had higher
mortality than previous reports [9,10,19,22-25]; this may be due to the fact that our hospital
is a tertiary care referral center, and we did not exclude patients with malignancies or
severe comorbidities. Furthermore, a previous study revealed that prone positioning before
ECMO was independently associated with lower mortality for severe ARDS patients [23];
however, prone positioning was underutilized in the current study (<5%). Recent studies
showed that ventilator settings during ECMO were associated with mortality for severe
ARDS patients, and our patients received higher airway pressure, and higher tidal volume
during the first days of ECMO than the values in these studies [12,14,24,25], which probably
also elevated the mortality rates.

The most favorable timing for ECMO initiation in patients with severe ARDS has
yet to be determined [5,26]. After matching patients at 48 h after ARDS onset, our mul-
tivariate analysis revealed that ECMO treatment was independently associated with a
lower likelihood of death (Adjusted OR = 0.4, p = 0.013), based on the fact that the hospital
mortality rate in the ECMO group was significantly lower than in the non-ECMO group.
As in previous studies, our findings indicate that early ECMO intervention (i.e., not only as
a rescue therapy) [5,22], may be beneficial to the survival of severe ARDS patients with
profound hypoxemia [5,19,21-23].

Researchers have yet to identify the indications for ECMO or formulate predictive
mortality risk models conclusively [5-7,26]. Severe hypoxemia is a prevalent indicator
for the initiation of ECMO in ARDS cases. Subgroup analysis in this study revealed that
patients with PaO, /FiO, < 75 mmHg or lung injury scores >3.5 would benefit from ECMO.
Note however that the severity of ARDS was not independently associated with hospital
mortality, as in previous reports [5,19,22,23].

We determined that implementing mechanical ventilation in conjunction with lung-
protective strategies can improve survival outcomes in ARDS patients. We also observed a
correlation between higher airway pressures and poor outcomes. One previous post hoc
observational study concluded that driving pressure was the ventilation variable most
strongly associated with survival among ARDS patients [27]. The LUNG SAFE study
reported that higher peak inspiratory pressure, plateau pressure, and driving pressure



Membranes 2021, 11, 393

90f11

were associated with higher hospital mortality among ARDS patients [28]. Higher airway
pressure (i.e., peak inspiratory pressure or plateau pressure) prior to ECMO institution
was also shown to be independently predictive of mortality in patients with severe ARDS
requiring ECMO [22,23]. This study demonstrated that among patients with higher airway
pressure (i.e., PEEP > 12 cm HO, peak inspiratory pressure >33 cm H;O, or dynamic
driving pressure >20.5 cm H,O), the odds ratio of death was lower among those treated
with ECMO than among those without ECMO support. Multivariate analysis also revealed
that dynamic driving pressure was independently associated with hospital mortality.
Taken together, these results indicate that ECMO facilitates ultra-protective ventilation by
allowing clinicians to reduce mechanical forces acting on the lungs, thereby mitigating the
risk of ventilator-induced lung injury [6,7,18,21,29].

The most common cause of death among ARDS patients is multiorgan failure [30].
The LUNG SAFE study reported a correlation between the degree of systemic organ failure
and ARDS outcomes [2]. It has also been reported that organ failure status prior to ECMO
initiation is associated with the likelihood of mortality among patients with severe ARDS
requiring ECMO [19,21-23]. In a previous study, we reported that in patients with severe
ARDS, SOFA scores decreased significantly during the first three days of ECMO (after
cannulation) with a corresponding impact on hospital mortality [18]. This study reported
that the odds ratio of death was lower in patients with SOFA scores >11 when treated
with ECMO. Multivariate analysis also revealed that SOFA scores were independently
associated with hospital mortality. This may be due to the fact that ECMO allows clinicians
to reduce the mechanical power of ventilation to alleviate ventilator-induced lung injury
by reducing proinflammatory biotrauma response, thereby preventing further multi-organ
failure and improving survival outcomes [6,18,21,29].

This study was hindered by a number of limitations. First, this study was conducted
in a single tertiary medical center, such that our results are not necessarily generalizable to
other facilities. Note also that our specialized hospital performs a large number of ECMO
operations, and familiarity with the procedure may contribute to lower mortality [8].
Nonetheless, this study did not exclude older patients or those with malignancy or chronic
comorbidities, which probably elevated the mortality rates. Taken together, it is difficult to
generalize our findings to those of other ICUs or hospitals. Second, early application of
prolonged prone positioning for severe ARDS patients had a survival benefit noted since
2013 [4]; however, it is not necessarily followed in real-world clinical practice. For example,
only 16.3% of patients with severe ARDS received prone positioning in the LUNG SAFE
study [31], and fewer than 5% use in the current study, which could influence the clinical
outcome and results. Finally, despite our use of propensity score matching to minimize
differences in clinical parameters, any number of residual or confounding variables that
were not measured or matched could impose unrecognized imbalances in baseline features
and thereby influence the results.

5. Conclusions

Our findings provide further evidence that among patients with severe ARDS, the
90-day hospital mortality rate was significantly lower among those who received ECMO
than among those who did not receive ECMO. Note that this was despite similarities in
severity and clinical characteristics within 48 h after ARDS onset, as determined using
propensity score matching.
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