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Abstract

Background: Extracorporeal membrane oxygenation (ECMO) has emerged as a newer method for managing
severe acute respiratory distress syndrome (ARDS) and ARDS refractory to conventional management.
However, its current role in the management of ARDS is not clear. Therefore, we conducted this meta-
analysis to compare the mortality rates of ECMO over conventional management in ARDS.

Methods: PubMed, PubMed Central, Embase, and Scopus were searched using appropriate keywords. We
selected studies in adults with ARDS that compared the outcomes of patients treated with ECMO vs.
conventional management. Cochrane Risk of Bias (RoB) 2.0 and the JBI (Joanna Briggs Institute) quality
assessment tools were used for assessing the risk of bias in RCTs and observational studies, respectively. The
1% statistic was used to evaluate heterogeneity, and quantitative synthesis was performed using fixed or
random effects to pool studies based on heterogeneities. Meta-analysis was conducted using Revman 5.4.

Result: Twelve studies were included in this meta-analysis. As compared to the conventional management
(mechanical ventilation: MV), patients treated with ECMO had lower odds of 30-days mortality (OR, 0.56;
95% CI, 0.37 to 0.84) and 90 days mortality (OR, 0.59; 95% CI, 0.41 to 0.85). However, there was no
significant difference between in-hospital mortality (OR, 0.75; 95% CI, 0.40 to 1.41) and intensive care unit
(ICU) mortality (OR, 1.00; 95% CI, 0.36 to 2.79). Similarly, length of hospital stays (LOS) (MD, 3.92; 95% CI, -
6.26 to 14.11) did not show statistically significant differences across the two groups. However, the average
ICU stay (ICU LOS) was 7.28 days longer in the ECMO group compared with the MV group (MD, 7.28; 95% CI,
2.55t0 12.02).

Conclusion: Twenty-eight days and 90-days mortality were decreased in patients managed with ECMO
compared with the MV group. Also, ICU LOS was found to be longer in the ECMO group. Furthermore, no
statistical difference was found between the two groups for in-hospital mortality and hospital LOS.

Categories: Internal Medicine, Pulmonology
Keywords: systematic reviews, meta-analysis, mechanical ventilation, ecmo, ards

Introduction And Background

Acute respiratory distress syndrome (ARDS) is one of the most common presentations in the intensive care
unit (ICU). It has been managed conventionally by mechanical ventilation, and lung-protective ventilation
has remained a cornerstone of ARDS management. With the discovery of extracorporeal membranous
oxygenation (ECMO), it is considered a tool for managing severe ARDS. ECMO is a modified
cardiopulmonary bypass circuit that provides gas exchange and ensures systemic perfusion to sustain the
patient's life in pulmonary and cardiac failure refractory to conventional therapy. It alleviates the need for
high airway pressures, thereby allowing the lungs to rest and prevent the effects of high pressures in the
airway [1]. The associated risk of complications related to ECMO in patients with refractory ARDS is found to
be coagulopathies, infections, hypoxia, ischemia, multi-organ failures, and others [2]. The two randomized
controlled trials (RCT) could not confirm the superiority of the technique over more conventional
management [3,4]. However, studies in the recent past show that ECMO and ventilator techniques have
better survival rates and have improved six-month disability-free survival [5,6,7]. Given the lack of adequate
data that compares the use of ECMO with other modalities of management in refractory ARDS, our study
aims to evaluate the overall outcomes and outcome predictors, the etiologies, and the risk factors associated
with ECMO dependent ARDS.
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Objectives

To compare mortality and length of hospital and ICU stay in patients with ARDS managed with ECMO to
conventional treatment with mechanical ventilation.

To compare serious adverse events among patients with ARDS managed with ECMO to conventional
treatment with mechanical ventilation.

Methods

We used the PRISMA guidelines for this metanalysis [8]. The protocol has been registered in the
International prospective register of systematic reviews (PROSPERO) (CRD42020215494) [9].

Eligibility Criteria

Types of studies: We included prospective as well as retrospective observational studies and randomized
clinical trials, which compared the mortality rate, clinical improvement and recovery, length of hospital
stay, adverse effects of ECMO, mean difference of clinical improvement, and healing among patients
receiving ECMO for ARDS as compared to conventional/conservative treatment. We have only included the
studies after 2000 as there have been significant changes in ECMO management.

We have not included editorials, comments, viewpoint articles, systematic reviews, and meta-analyses. In
addition, we have not included studies in which ECMO is used for the management of cases other than
ARDS and the studies which have not mentioned our outcome of interest.

Types of participants: We included all patients suffering from ARDS > 18 years of age receiving ECMO or
treated with conventional or conservative treatment. We have not included non-ARDS patients, less than 18
years of age, or pregnant patients.

Types of interventions: Interventions included ECMO (extracorporeal membrane oxygenation (venovenous
(VV)/venoarterial (VA) or veno arteriovenous (VAV) compared with conventional treatment of mechanical
ventilation or other adjunctive therapies.

Outcomes: We compared mortality at different time durations, cause of death, hospital and ICU length of
stay, days on mechanical ventilation, number of days alive, and post-discharge mortality rates between
patients receiving ECMO to those receiving conventional treatment with mechanical ventilation.

Search Methods

Two authors (PB and DBS) independently searched and evaluated the quality of the studies done in the past
decade, identified via electronic search in PubMed, PubMed Central, Embase, Scopus, and Google Scholar
databases.

Data Collection and Analysis

We extracted the data for quantitative synthesis through Covidence and did the analysis using RevMan5.4
(London, UK) [10,11]. Assessment of heterogeneity was done using the I-squared (12) test. We used a
random/fixed effect for the pooling of selected studies.

Selection of studies: Articles from the literature search were imported to Covidence, and duplicates were
removed. Two researchers independently screened the titles and abstracts of all articles included. The
conflicts were resolved by discussing with a third reviewer, and articles were finalized for full-text review.
The same procedure was used to carry out a full-text review of the screened articles to include in the study.

Data extraction and management: Two researchers independently extracted data from the included studies,
and any discrepancies were resolved through discussion. The extracted data were entered into Revman5.4.
We evaluated the quality of studies thoroughly and considered only the outcomes of our interest.

Assessment of risk of bias in included studies: We used the Cochrane ROB 2.0 tool to analyze our RCTs, and
we used the Joanna Briggs Institute (JBI) quality assessment tools to assess the risk of bias in our prospective
and retrospective observational studies (Figure 7 and Tables 1, 2) [12,13]. We used RevMan 5.4 for creating a
summary of preferences for RCTs using the Cochrane ROB 2.0 tool.
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. Beiderlinden Bosarge et Wang Liu et al. [16],
Questions
et al. [14], 2006 al. [2], 2016 etal. [15],2017 2019
1. Were the criteria for inclusion in the sample clearly
i Yes Yes Yes Yes
defined?
2. Were the study subjects and the setting described in
. Yes Yes Yes Yes
detail?
3. Was the exposure measured in a valid and reliable
Yes Yes Yes Yes
way?
4. Were objective, standard criteria used for
. Yes Yes Yes Yes
measurement of the condition?
5. Were confounding factors identified? No No No No
6. Were strategies to deal with confounding factors
No No No No
stated?
7. Were the outcomes measured in a valid and reliable
Yes Yes Yes Yes
way?
8. Was appropriate statistical analysis used? Yes Yes Yes Yes

TABLE 1: JBI bias assessment of cohort studies

) Tsai et Roch et
For case-control studies Assanagkornchai al. [18] al. [19] Pham et
- udi . b b
etal. [17], 2019 al. [20],2013
2015 2010
1. Were the groups comparable other than the presence of disease in
. . Yes Yes Yes Yes
cases or the absence of disease in controls?
2. Were cases and controls matched appropriately? Yes Yes Yes Yes
3. Were the same criteria used for the identification of cases and
Yes Yes Yes Yes
controls?
4. Was exposure measured in a standard, valid and reliable way? Yes Yes Yes Yes
5. Was exposure measured in the same way for cases and controls?  Yes Yes Yes Yes
6. Were confounding factors identified? No No No No
7. Were strategies to deal with confounding factors stated? No No No No
8. Were outcomes assessed in a standard, valid and reliable way for
Yes Yes Yes Yes
cases and controls?
9. Was the exposure period of interest long enough to be
. Yes Yes Yes Yes
meaningful?
10. Was appropriate statistical analysis used? Yes Yes Yes Yes

TABLE 2: JBI bias assessment of case-control studies
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. . Random sequence generation (selection bias)
. . Allocation concealment (selection bias)

FIGURE 1: Risk of bias among RCTs using Cochrane ROB 2.0 tool

Combes et al. 2018 and Peek et al. 2009 [7].

Assessment of heterogeneity: The I-squared (12) test was used to assess heterogeneity [21]. We interpreted

the I-squared (IZ) test based on the Cochrane Handbook for Systematic Reviews of Interventions.

Assessment of reporting biases: We assessed the reporting biases through predetermined outcome reporting
documentation.

Data synthesis: Statistical analysis was performed using RevMan 5.4 software. Odds ratio (OR) was used to
estimate discrete outcomes with a 95% confidence interval (CI). We analyzed the mean differences among
the two groups for continuous outcomes using mean and standard deviations when available or after
calculating mean and standard deviation when the median, sample size, and interquartile range were
reported. Mean and SD was calculated to form median and interquartile range (IQR) using the following
estimation for continuous variables (LOHS, ICU LOS) [22].

The fixed/random-effects model was used according to heterogeneities.

Subgroup analysis and investigation of heterogeneity: We presented forest plots to visualize the degree of
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variation between studies.

Sensitivity analysis: For sensitivity analysis, we examined the effect of the study based on their type (RCT
and non-RCT) by excluding non-RCT studies when appropriate and re-running the analysis to find any
differences. In addition, non-randomized studies were excluded for sensitivity analysis to find any
alterations in the outcomes after removal.

Result

Twelve thousand three hundred fifty-seven studies were imported from a database search for screening.
After removing duplicates, the title and abstracts of 9478 studies were screened. Eight thousand three
hundred ninety-five studies were excluded, and full-text eligibility of 1083 studies was assessed. One
thousand seventy-one studies were excluded for definite reasons. Twelve studies were included in the
quantitative analysis, and 11 were included in the qualitative analysis (Figure 2).

]

Records identified through database

searching

(n= 12357)

Additional records identified
through other sources

=0

Identification

[

)

Eligibility Screening

Included

|

;

(n=9478)

Records after duplicates removed

(n = 9478)

Records screened

Records excluded
(n = 8395)

|

eligibility
(n=1083)

Full-text articles assessed for

A4

|

synthesis
n=12)

Studies included in qualitative

|

(n=11)

Studies included in quantitative
synthesis (meta-analysis)

FIGURE 2: PRISMA Flow Diagram

Full-text articles excluded, with reasons
(n=1071)

Reasons for exclusion:

287 <50 patients in case series

156 Inappropriate study design

90 No Comparator

87 Inappropriate patient population

85 Inappropriate setting

81 Inappropriate outcomes

55 Systematic reviews

43 Irrelevant content

43 Inappropriate comparator

38 Inappropriate indication

37 Case series

25 Inappropriate intervention

19 Can't find the full text

9 Two identical articles

5 Descriptive studies

3 This is a book

3 Anticle in foreign language

3 Inappropriate route of administration

2 Inappropriate dose

Qualitative Summary

Qualitative details of included studies are presented in Table 3.

Study ID Study type Population

N:29; T: 15 C:

14 Males; T:
100 % C:
92.9% Median
age (median,
IQR) T: 40.0
(23.0, 47.0) C:
36.0 (25.0,
47.0)

Bosarge et al. [2],
2016

Retrospective
study

2022 Shrestha et al. Cureus 14(6): €25696. DOI 10.7759/cureus.25696

Intervention

ECMO (VV/VA /VAV) with
adjuncts for ventilator
management, including bi-level
ventilation, chemical paralysis
with cisatracurium, and inhaled
nitric oxide

Comparator

Conventional
ventilation with
adjuncts,
including bi-
level
ventilation,
chemical
paralysis with
cisatracurium,
and inhaled
nitric oxide.

Outcomes

Mortality: T: 2/15 C: 9/14
Hospital Length of stay;

T: 43.5(30.0, 93.0), C: 28.0
(14.0, 7.0) Bleeding
complications; T: 6/15 C: Not
mentioned Thromboembolic
complications T: 4/15 C: Not
reported
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N: 150; T: 32
Beiderlinden et Prospective C: 118 Age: T:
al . [14], 2006 study 42.2+13; C:

41.9+16

N: 90; T: 45, C:

45 Age, years:
T: 56+ 2.4,

C:5612.4 Male:

T:32/45,
C:34/45
Retrospective Etiologies of
case-control  ARDS
study Infection: T:
30/45, C:
33/45
Pulmonary

Tsai et al. [18],
2015

hemorrhage: T:

5/45, C: 2/45;
and so on

N: 18; T:9, C:9
Age, median
Prospective (IQR), years T:
observational 49 (26-57), C:
study 54 (43-60)
Male: T:3/9,
C:4/9

Roch et al. [19],
2010

N:76; T:19,
C:57 Age,
mean (SD):
T:45.9+18;
Retrospective C:95.7415.2
Assanangkornchai case control Male, T:14/19;
etal. [17], 2019 Sl C:42/57
PaO2/Fio2
ratio, mean
(SD) T:56.8 £
12.9
C:72.9+16.6

After matching
Cohort stud N: 104; T: 52
y C: 52 Age:
and
Pham et ropensit Mean + SD: T:
al. [20], 2013 propensity= 45+ 13, c:
matched
45+ 15 Male:

"
analysis T:30/52 C:

2022 Shrestha et al. Cureus 14(6): €25696. DOI 10.7759/cureus.25696

Venovenous extracorporeal gas
exchange for patient
unresponsive to conservative
measures.

In the absence of
contraindications: severe
pulmonary hypertension (mean
pulmonary artery pressure
greater than 45 mm Hg or more
than 75% of systemic arterial
pressure), cardiac dysfunction
requiring inotropic support, or
history of cardiac arrest or
resuscitation; venovenous mode
was preferred over venoarterial
mode.

ECMO therapy was indicated if
patients presented PaO2 to FiO2
ratio of less than 70 mmHg for at
least two hours under FiO2 of 1
and PEEP level adjusted to
obtain a plateau pressure (Pplat)
of 30 cmH20, or PaO2 to FiO2
ratio of less than 100 mmHg
associated with Pplat 35
cmH20, or respiratory acidosis
with pH B7.15 despite
respiratory rate C35/min
Venovenous ECMO was used.
Venoarterial ECMO was used if
left ventricular Ejection fraction
was <30

16 cases were treated with a
venovenous circuit three cases
were treated with venoarterial
circuit due to refractory
hypotension.

Venoarterial and venovenous
ECMO in addition to antiviral
treatment.

Conservative
treatment with
ventilation to
keep oxygen
saturation
>90% with
PEEP
adjustment,
prone position
trial, the
addition of
nitric oxide

Standard
ventilation
protocols for
ARDS were
used.

Patients were
managed with
continuous
neuromuscular
blockade with
volume-
controlled
mechanical
ventilation. The
tidal volume
was
maintained at
5-7 mi/kg of
predicted
weight and
PEEP>:10 cm
of H20.

Conventional
treatment

Conventional
ventilation
treatment
without ECMO

Mortality: T:15/32 C:34/118

Hospital mortality (among
matched) T: 22/45 C:34/45

Duration or length of stay,
median (IQR), days
Mechanical ventilation: T:27
(20-31), C: 12 (8-38) ICU:
T:28 (21-33), C:13 (8—48)
Hospital: T: 28 (21-40), C:28
(8-50) Mortality: T:5/9, C:5/9
Corticosteroid for ARDS: T:
5/9, C: 3/9 Cause of death:
Intractable respiratory failure
T: 2/9, C:1/9] Multi-organ
failure T: 3/9, C: 4/9 Renal
Replacement Therapy At
baseline: T:1/9, C:0/9 Day 1:
T:4/9, C:0/9 Day 2: T:4/9,
C:1/9 Day 3: T:4/9, C:2/9

Mortality in hospital: T:13/19,
C:36/57 In ICU: T: 12/19,
C:27/57 ICU stay Median,
(IQR) in days T:19.7 (12.2,
30.6), C: 7.4(2.9,9.9)
Hospital stay Median, (IQR)
in days T:27.8 (18.1,51.1), C:
16.9 (7.8, 32.8) Continuous

Renal Replacement Therapy:

T:10/19, C:15 /57 Bleeding:
T: 4/19, C: No mention

Length of MV, days Median
(IQR) T: 22 (11.7-35), C:
13.5 (7-21) ICU stay, day
Median (IQR) T: 27 (12-52),
C: 19.5 (9-26) days
Mortality: T: 26 /52, C: 21 /52

6 of 12



Cureus

Liu et al. [16], 2019

Wang et al. [15],
2017

Combes et al. [23],
2018

Lei et al [24], 2014

Shaoyan et al. [25],
2016

Matched
cohort study

Prospective
observational
study

Randomized
controlled
trial

Observational
study

Retrospective
cohort study

29/5

N:171; T: 99,
C:72 Age
(years): T: 48.6
+4.9;C:50.2+
5.3 Male: T:
72/99; C: 52
72

N:72; T: 24 C:
48 Male: T:
18/24 C: 33/69

Age in years: T:

38.0+ 15.1, C:
44.3+ 15.6

N: 249; T:124,
C: 125 Age,
years: T:
51.9+14.2; C:
54.4+12.7
Male: T:
87/124; C:
90/125

N:11,T:5,C: 6

Males: T: 4/5 C:

4/6 Age (year),
[median
(Q1,Q3)] T: 73
(46,77), C: 34
(23,46)

Adult patients
with severe
ARDS N: 58 T:
28, C: 30
Different
parameters like
lowest
PaO2/FiO2 and
pH, the highest
PEEP, PaCO2
and serum
lactate level,
the grade of
APACHEII,

2022 Shrestha et al. Cureus 14(6): €25696. DOI 10.7759/cureus.25696

Extracorporeal membrane
oxygenation in addition to
conventional treatment.

ECMO with adjuncts like
mechanical ventilation,
vasopressors, prone position
ventilation use of corticosteroids,
muscle relaxants, sedatives, and
tracheostomy.

The patient underwent ECMO
through percutaneous
venovenous cannulation and
anticoagulation.

ECMO and conventional
ventilation

ECMO in the treatment group

A conventional
lung-protective
ventilation
strategy was
applied. The
ventilation
settings and
hemodynamics
were collected.
Other
treatments
were
performed
routinely by the
physician in
charge.

Standard
combined
therapy is
based on the
guidelines for
the
management
of ARDS but
not ECMO.

Ventilatory
treatment
according to
increased
recruitment
strategy,
neuromuscular
blocking
agents, and
prone
positioning
ventilation.

Conventional
ventilation

Conventional
treatment in
the control
group without
ECMO

Mortality on 28 days: T:
39/99, C: 40 /72 Mortality on
90 days T: 44/99; C: 45 /72
ICU stay (days) (mean = SD)
T:25.5+18.0; C: 14.8 £ 10.8
Hospital stay (days) (mean +
SD) T:26.8 £19.9; C: 18.6 +
13.6

MV duration (days) [Median
(IQR)] T: 10.0 (6.0, 16.3); C:
9.0 (6.0, 13.0) ICU stay
(days): T: 13.0 (9.8, 22.3); C:
11.0 (8.0, 18.0) Hospital stay
(days): T: 25.5 (16.5, 31.3);
C:26.0 (15.0, 56.3)

Mortality at day 30: T: 32/124;
C: 46/125 At Day 90: T:
46/124; C: 59/125 In ICU:
T:44/124; C:57/125 In-
hospital: T: 44 /124; C:
57/125 ICU stay, days
[median, IQR] T:23 [13-34];
C:18 [8-33] Adverse events
Pneumothorax: T: 18/124,
C:16/125 Hypothermia (T °<
35°C) T: 28/124, C: 27/125
Hemorrhage requiring
transfusion T: 57/124 C:
35/125 Massive hemorrhage
(> 10 PRBC) T: 3/124 C:
1125

Hospital Mortality T: 1/5 C:
3/6 PaO2/ Fi02 at arrival T:
278465 mm Hg C: 415 mm
HG

Mortality at 3 Months T: 13/28
C: 17/30 Complications T:
23/28 Bleeding: T: 16/28 Gl
bleed: T: 5/28
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Murray and
SOFA were
similar between
two groups
N: 180; T:90; Conventional
C:90 Male management

Randomized  :T:51/90 ; . i with low

ECMO in venovenous mode with
Peek et al[7], 2009 controlled C:53/90 Age R volume low-
. percutaneous cannulation.

trial ,yrs(meanzsd) pressure
T:39.9+13.4 ventilation
C:40.4+13.4 strategy

TABLE 3: Qualitative summary of included studies

ECMO: Extracorporeal membrane oxygenation, APACHEII: acute physiology and chronic health evaluation I, ARDS: Acute respiratory distress syndrome,

Mortality <6 months or before
discharge T:33/90 C:45/90
Length of hospital stay, days,
median (IQR) T:35:0 (15-6—
74-0) C:17-0 (4-8-45-3)
Severe disability T:0/90
C:1/90

MV: mechanical ventilation, ICU: intensive care unit, LOS: Length of stay, PEEP: Positive end expiratory pressure, SOFA: Sequential organ failure
assessment, SD: Standard deviation, VV: Venovenous, VA: Venoarterial, VAV: Veno arteriovenous, T: Treatment group, C: Control group, IQR:

Interquartile range

Quantitative Analysis

Eleven studies were included in the quantitative synthesis.

Mortality

Mortality in hospital/during study period was reported in eight studies. Pooling their data using random

effect model showed no significant reduction in hospital mortality with the use of ECMO over MV (OR, 0.75;
95% CI, 0.40 to 1.41; n=727; %= 66%). Similarly, pooling data on ICU mortality from two studies reporting it

also did not show significant differences between ECMO and MV (OR, 1.00; 95% CI, 0.36 to 2.79; n= 325; 2=
68%). However, pooling data from two studies on mortality in 28/30 days showed 44% lower odds of event in

ECMO group than MV (OR, 0.56; 95% CI, 0.37 to 0.84; n= 420; I2= 0%). Similarly, 41% lower odds of mortality

in 90 days was noted among ECMO group on pooling data from three studies reporting 90-day mortality

(OR, 0.59; 95% CI, 0.43 to 0.80; n= 658; I = 0%) (Figure 3).

2022 Shrestha et al. Cureus 14(6): €25696. DOI 10.7759/cureus.25696
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ECMO MV 0Odds Ratio 0dds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95%CI M-H, Random, 95% CI
1.1.1 Hospital mortality
Assanangkomchal etal, 2019 13 19 36 a7 131% 1.26[0.42, 3.82] ——
Beiderlinden etal, 2006 15 32 34 118 16.3% 2.18[0.98, 4.85] |
Bosarge etal, 2016 2 15 9 14 7.6% 008[001,054 ——
Combes etal, 2018 44 124 57 125 10.4% 0.66 [0.39, 1.09] -
Lei etal, 2014 1 5 3 6 43% 025[002,377] ———————
Phamet al., 2013 26 52 pal 52 16.6% 1.48[0.68, 3.21] N
Rochetal, 2010 5 9 5 9 7.5% 1.00[0.16, 6.42] e
Tsai et al, 2015 (1) 22 45 34 45 153% 0.31[0.13, 0.76] =
Subtotal (95% CI) 301 426 100.0% 0.75[0.40, 1.41] -
Total events 128 199

Heterogeneity. Tau®= 0.46, Chi*= 2036, df=T7 (P= 0.005), F= 66%
Testfor overall effect: Z=088 (P = 0.37)

1.1.2 ICU mortality

Assanangkorchai etal, 2019 12 19 27 57 399% 1.90 [0.66, 5.54] — -
Combes etal, 2018 44 124 57 125 601% 0.66 [0.39, 1.09] —H
Subtotal (95% CI) 143 182 100.0% 1.00[0.36, 2.79] —al—
Total events 56 84

Heterogeneity. Tau®= 0.39, Chi*=3.12,df=1 (P = 0.08), F= 6B%
Testfor overall effect: Z= 0.01 (P = 0.99)

1.1.3 28/30 days mortality

Combes etal, 2018 32 124 46 125 56.3% 0.60[0.35, 1.03) —
Liu etal, 2019 39 9 072 437% 0.52 [0.28, 0.96] ——|
Subtotal (95% Cl) 223 197 100.0% 0.56 [0.37, 0.84] L3
Total events 7 6

Heterogeneity. Tau™= 0.00; Chi*=0.11,df=1 (P = 0.74), F= 0%
Testfor overall effect: Z=2.77 (P = 0.006)

1.1.4 90 days mortality

Combes etal, 2018 46 124 §9 125 381% 0.66 [0.40, 1.09] —
Liu etal, 2018 4 99 45 72 253% 0.48(0.26, 0.89] —
Peeketal, 2009 (2) 3390 45 90 27.5% 0.56 [0.32,1.09) —
Shaoyan etal., 2016 13 28 17 30 91% 0.66 [0.24, 1.87] —
Subtotal (95% CI) 341 317 100.0% 0.59 [0.43, 0.80] <
Total events 136 166

Heterogeneity: Tau®= 0.00; Chi*= 0.66, df= 3 (P = 0.88); F= 0%
Testfor overall effect: Z= 3.34 (P = 0.0008)

002 01 10 50
ECMO MV/Conventional care

TestTor subgroup differences: Chi*=1.55, dr=3 (P =0.67), F=0%

Footnotes
(1) Among matched groups
(2) Mortality =6 months or before discharge

FIGURE 3: Forest plot depicting mortality outcome comparing ECMO
with MV using a random-effect model

Subpanel 1.1.1 denotes overall hospital mortality reported in the study; subpanel 1.1.2 denotes mortality during
ICU stay; subpanel 1.1.3 denotes mortality within four weeks/a month as reported in the studies, and subpanel
1.1.4 denotes total of 90 days mortality. These counts may overlap with each other, so while pooling, only subtotal
is shown in the forest plot. Cited studies are [2,7,14,16-20,23-25].

Length of Stay

Hospital length of stay was reported in four studies. Pooling of the data from reported studies using random
effect could not show significant reduction in hospital length of stay (MD, 7.17; 95% CI, -2.24 to 16.58; n=

517;12= 73%). However, average length of ICU stay was 7.28 days longer in ECMO group comparing with MV
group (MD, 7.28; 95% CI, 2.55 to 12.02; n= 586; 2= 69%) (Figure 4).
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Helerogeneily. Tau™= 76.13; ChiF= 15.08, df= 4 (P = 0.005); F= 73%
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Roch etal, 2010 27.2567 10.4962 9 2415 349872 9 35% 3.11[20.76, 26.97] b | r—
Wiang etal,, 2017 151846  0.8507 24 124163 76424 48 253%  277[1.73,7.26 -
Subtotal (95% Cl) 275 311 100.0%  7.28[2.55,12.02] L]
Heterogeneity: Tau®= 17.82; Chi*= 13.05, df= 4 (P = 0.01); F= 69%
Test for overall effect: Z= 3.01 (P = 0.003)
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FIGURE 4: Forest plot depicting the length of stay outcome comparing
ECMO with MV using a random-effect model

Subpanel 2.1.1 denotes the average length of hospital stay, and subpanel 2.1.2 denotes the average ICU length
of stay. Cited studies are [7,15-17,19,23].

Discussion

We did not find any significant difference in in-hospital mortality and ICU mortality. A similar conclusion
was found for in-hospital mortality in a meta-analysis pooled with one RCT and two observational studies
[26]. However, in the same study, the in-hospital mortality reduction was seen with ECMO when results of
observational studies were analyzed using a propensity score matching with replacement [26]. However,
multiple meta-analyses which have reported 30 days mortality [ 1], 60-day mortality [1], or 90 days mortality
[27], have found lower mortality rates with ECMO than that with conventional ventilation. This is similar to
our outcome. A recent meta-analysis [28] had not seen any difference in mortality at 30 days with ECMO or
conventional treatment, which had included studies before 2000 AD when the management of ARDS was
different from that of recent times, and ARDS management now is evolved a lot in comparison to earlier
days with modern technologies. This could have led to the difference in our findings.

We did not find any significant difference in length of hospital stay, but ICU stay was longer in the ECMO
group, which is expected. The previous meta-analysis by Mendes et al. [29] has also noted an increase in ICU
and hospital length of stay in patients treated with ECMO, which the authors have attributed to increased
survival among the patients as compared to the patients treated conventionally. However, in our analysis of
the length of hospital stay, Wang et al. [15] have reported the duration only for the survivors in both the
cases of ECMO and non-ECMO groups, which could have possibly obscured any difference that could be
attributed to increased survival and led to the result.

Because of the lack of reporting of adverse events, we could not analyze the difference in complications of
ECMO. A few studies reported hemorrhagic complications in patients treated with ECMO but not for
patients managed with conventional ventilation [2,17]. ECMO to Rescue Lung Injury in Severe ARDS
(EOLIA) trial [23] reported an increased incidence of thrombocytopenia and bleeding events requiring
transfusion in the ECMO arm compared to the control arm. In a systematic review, bleeding complications
were seen in 29.3% of patients treated with ECMO with significant bleeding in 10.4%; the majority causes of
bleeding were cannula bleeding (9.3%) [30]. Two studies included in our study reported the need for renal
replacement therapy (RRT) [17,19]. Both of them reported increased requirements of RRT in patients treated
with ECMO. However, in a recent meta-analysis, management with ECMO was not associated with an
increase in RRT incidence [28].

We have included the two RCTs that have compared ECMO vs. conventional that have been done in the last
two decades [7,23]. Furthermore, we have included other prospective and retrospective studies without any
randomization. For example, in their combined meta-regression model, Vaquer S et al. [30] have shown an
association between MV duration before ECMO support with mortality. However, in our meta-analysis, the
time of the start of ECMO after mechanical ventilation is variable in the studies. Similarly, patients with a
PAO2/FIO2 ratio of less than 150 have higher ventilator-free days; the effect was not seen in patients with a
higher PAO2/FIO2 ratio [31]. However, there is considerable variation in the studies included in our
metaanalysis in terms of the PaO2/Fio2 ratio. Also, there is venoarterial ECMO in selected patients in some
studies. Similarly, there might have been wide variation in methods while managing patients with
conventional management, including applying for prone positions, using concurrent steroids, and
maintaining pressure and volume while managing patients. This could have introduced some bias in our
study.

There have only been two RCTs in the last two decades that have studied ECMO vs. conventional
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management in ARDS. CESAR [7] showed a mortality benefit of ECMO while EOLIA [23] did not. However,
both of them have their limitations. The meta-analyses that have pooled data only from these two RCTs
have shown mortality and other benefits of ECMO in ARDS [27,29]. Thus, concerning all these studies and
findings, it seems evident that patients benefit from ECMO in ARDS. However, the selection criteria for
patients who will benefit is well defined, nor the appropriate time for initiation of ECMO in the patients is
evident at present. Further studies should be conducted to shed light on these issues. Our meta-analysis
pooled available data; however, a limited number of available papers and heterogenous population and
variation in the individual studies are significant limitations of our meta-analysis.

Conclusions

We analyzed 12 studies in our study. We found lower odds of mortality at 28 days and 90 days in the ECMO
group of patients compared with the MV group. Also, ICU LOS was found to be longer in the ECMO group.
Furthermore, no statistical difference was found between in-hospital mortality and hospital LOS across the
two groups. We could have limited exploration in the analysis due to the limited information available and
relatively few studies. Further studies should be conducted to evaluate the outcomes of ECMO in ARDS.
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