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Abstract

Objective: To compare the treatment outcome of venovenous extracorporeal membrane
oxygenation (VV-ECMO) versus mechanical ventilation in hypoxemic patients with acute respi-
ratory distress syndrome (ARDS) at a referral center that started offering VV-EMCO support
in 2010.

Methods: This retrospective cohort study enrolled adults with severe ARDS (PaO,/FiO, ratio of
<100 with FiO, of >90 or Murray score of >3) who were admitted to the intensive care unit of
Siriraj Hospital (Bangkok, Thailand) from January 2010 to December 2018. All patients were
treated using a low tidal volume (TV) and optimal positive end-expiratory pressure. The primary
outcome was hospital mortality.

'Division of Critical Care, Department of Medicine, Corresponding author:

Faculty of Medicine Siriraj Hospital, Mahidol University, Surat Tongyoo, Division of Critical Care, Department of
Bangkok, Thailand Medicine, Faculty of Medicine Siriraj Hospital, Mahidol
Division of Respiratory Disease, Department of University, 2 Wanglang Road, Bangkoknoi, Bangkok
Medicine, Faculty of Medicine Siriraj Hospital, Mahidol 10700, Thailand.

University, Bangkok, Thailand Email: surat.ton@mahidol.ac.th

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative

G Commons Attribution-NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits
non-commercial use, reproduction and distribution of the work without further permission provided the original work is attributed
as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).


https://orcid.org/0000-0003-3772-2990
mailto:surat.ton@mahidol.ac.th
http://uk.sagepub.com/en-gb/journals-permissions
http://dx.doi.org/10.1177/0300060520935704
journals.sagepub.com/home/imr

2 Journal of International Medical Research

Results: Sixty-four patients (ECMO, n=30; mechanical ventilation, n=34) were recruited.
There was no significant difference in the baseline PaO,/FiO, ratio (67.2425.7 vs. 76.6 +
16.0), FiO, (97 £9 vs. 94£8), or Murray score (3.4+£0.5 vs. 3.3+0.5) between the ECMO
and mechanical ventilation groups. The hospital mortality rate was also not significantly different
between the two groups (ECMO, 20/30 [66.7%] vs. mechanical ventilation, 24/34 [70.6%]).
Patients who underwent ECMO were ventilated with a significantly lower TV than patients
who underwent mechanical ventilation (3.8 == 1.8 vs. 6.6 == 1.4 mL, respectively).

Conclusion: Although VV-ECMO promoted lower-TV ventilation, it did not improve the in-

hospital mortality rate.

Trial registration: www.clinicaltrials.gov (NCT 04031794).
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Introduction

Acute respiratory  distress syndrome
(ARDSYS) is defined by acute onset of wors-
ening respiratory symptoms, severe hypox-
emia, and bilateral pulmonary infiltration
that cannot be explained by cardiac failure
or volume overload.! Despite advance-
ments in ARDS management strategies,
the mortality rate remains high in
Thailand and worldwide, especially among
patients with refractory hypoxemia.>* In
recent years, venovenous extracorporeal
membrane oxygenation (VV-ECMO) sup-
port has been successfully used to improve
outcomes among selected patients with
severe ARDS.>”’

A few decades ago, VV-ECMO support
among patients with severe acute respirato-
ry failure was reportedly associated with
poor outcomes.® Recent evidence from
cohort studies and randomized controlled
trials has shown that VV-ECMO support
among patients with ARDS who develop
refractory hypoxemia is associated with
improved outcomes.”’ However, the

current guideline from the American
Thoracic Society/European Society of
Intensive ~ Care  Medicine/Society  of

Critical Care Medicine does not include
a definitive recommendation for or against
the use of VV-ECMO in adults with severe
ARDS.” The reported improvement in
ECMO-associated outcomes might be par-
tially explained by improvements in ECMO
device technology. However, the more
likely reason that outcomes have improved
is that physicians’ skills have been enhanced
and experience has been gained in ECMO
cannula insertion and general management,
which has dramatically lowered the rate
of complications associated with ECMO
support.'”  Studies from the United
Kingdom, Australia, and New Zealand
showed that transfer of adults with severe
ARDS, especially those with influenza A
(HIN1) infection, to a high-experience
ECMO center for VV-ECMO support was
associated with improved survival out-
comes.>® There is currently a lack of data
specific to the outcome of VV-ECMO
support  versus conventional ~ARDS
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management in a recently established VV-
ECMO service setting.

Siriraj Hospital (Bangkok, Thailand)
is a 2,300-bed university-based teaching
hospital that is affiliated with Mahidol
University, and it is Thailand’s largest
national tertiary referral center. At this
center, VV-ECMO support has been avail-
able as a rescue therapy for refractory
hypoxemia since 2010; however, the case
volume since the introduction of VV-
ECMO therapy has been less than six
cases per year. This low case volume has
limited the speed with which the physicians
have gained experience in VV-ECMO can-
nula insertion and long-term ECMO care.
The objective of this study was to compare
the treatment outcomes of VV-ECMO sup-
port versus conventional mechanical venti-
lation in patients with severe ARDS who
developed refractory hypoxemia at Siriraj
Hospital from 2010 to 2018.

Methods

Study design and population

This single-center retrospective cohort
study was conducted in a 15-bed medical
intensive care unit (ICU) of the Division
of Critical Care, Department of Medicine,
Faculty of Medicine Siriraj Hospital
from January 2010 to December 2018.
The study was conducted in accordance
with the Strengthening the Reporting
of Observational Studies in Epidemiology
(STROBE) recommendations.'? We
screened all adult patients aged >18 years
who were admitted to our ICU to identify
those who met the criteria for diagnosis of
ARDS according to the 2012 Berlin criteria
for the diagnosis of ARDS.' Of these,
patients who had an indication for ECMO
support because of refractory hypoxemia
were enrolled. The definition of refractory
hypoxemia was a PaO,/FiO, ratio of <100
with an FiO, of >90% despite optimal

mechanical ventilator support and paralytic
agent infusion according to the 2013
Extracorporeal Life Support Organization
(ELSO) guideline'' for at least 2 hours.
Optimal mechanical ventilator support
was defined as a low tidal volume (TV)
(6mL/kg of ideal body weight) with
positive end-expiratory pressure (PEEP)
titration. A paralytic agent was infused to
prevent patient—ventilator dyssynchrony.
For patients with an oxygen saturation of
<90% or pH of <7.20, the TV could be
increased as high as the plateau pressure,
but not more than 35cmH,0. Once the
patient met the indication criteria for
ECMO, a group discussion involving the
ICU attending physician, the VV-ECMO
team, and the patient’s family was
conducted to decide whether to initiate
VV-ECMO. Patients who were considered
unsuitable for VV-ECMO support were
excluded from the study. If the family mem-
bers of VV-ECMO candidates accepted
the risks associated with VV-ECMO, then
VV-ECMO was initiated. If the family
members of VV-ECMO candidates declined
initiation of VV-ECMO support, treatment
was continued using conventional ventila-
tor support. Patients in both groups
received a paralytic agent with deep seda-
tion for 72 hours. During VV-ECMO
support, the mechanical ventilator was
adjusted to maintain a TV of approximately
4 mL/kg of ideal body weight with a low
PEEP (5-10cmH,0) and low FiO,
(<40%). The VV-ECMO weaning process
started when the underlying disease was suc-
cessfully treated with improvement of lung
function (plateau pressure of <25cmH,0 to
maintain the TV at 6 mL/kg of ideal body
weight).

This study protocol was approved by
the Siriraj Institutional Review Board
(approval no. Si 203/2018). The require-
ment to obtain written informed consent
was waived because of the retrospective
nature of the study.
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Data collection

The patients’ electronic medical charts were
reviewed, and the following information was
collected and recorded: demographic data,
baseline clinical characteristics, severity
score, hemodynamic parameters, and respi-
ratory parameters. The mechanical ventilator
setting and blood gas analysis results were
also recorded, both at the time the patient
met the indication criteria for ECMO and
then at 24-hour intervals for 4 days. The pri-
mary outcome was in-hospital mortality. The
secondary outcomes were 28-day mortality,
mechanical ventilator-dependent days, and
vasopressor-dependent days. The complica-
tions associated with mechanical ventilator
support and VV-ECMO support were
recorded to assess treatment safety.

Statistical analysis

SPSS Statistics (SPSS, Inc., Chicago, IL,
USA) was used to perform all data

107 Refractory

hypoxemia patients
were evaluated

67 Patients met
inclusion criteria

! l

analyses.  Continuous  variables are
expressed as mean + standard deviation,
and categorical variables are presented as
number and percentage. An independent
t-test was used to compare continuous var-
iables, and the chi-square test or Fisher’s
exact test was used to compare categorical
variables. A p-value of <0.05 indicated sta-
tistical significance. Cox proportional haz-
ards regression was performed to identify
factors predictive of hospital mortality
among patients with severe ARDS who
developed refractory hypoxemia.

Results

In total, 107 patients with severe ARDS
were screened. Of these, 67 patients met
the inclusion criteria for this study.
However, three patients were excluded
because a decision was made for them to
receive  palliative care (Figure 1).
Therefore, 64 patients were finally enrolled.

40 Patients were excluded

25 Hypoxemia improve within 2 hours
12 Hypoxemia due to cardiac problem
3 Hypoxemia due to acute pulmonary emboli

3 Patients were not suitable for VV ECMO

2 Advance metastatic malignancy
1 Severe coagulopathy

30 Patients received
VV ECMO

34 Patients received
conventional treatment

Figure |. Flow diagram demonstrating the screening and enrollment of patients. VV-ECMO, venovenous

extracorporeal membrane oxygenation.
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VV-ECMO was initiated in 30 patients, and
34 patients received conventional ARDS
management. The patients’ baseline charac-
teristics, including age, sex, disease severity,
lung injury score, and causes of ARDS,
were not significantly different between
the two groups (Table 1). However, the
VV-ECMO group contained a significantly
higher proportion of patients with underly-
ing hypertension (p=0.001) and coronary
artery disease (p=0.05). Septic shock as a
coincident acute illness associated with
severe ARDS was also found in a signifi-
cantly higher proportion of patients in the
VV-ECMO group (p=0.002) (Table 1).
Bacterial pneumonia was the leading cause
of ARDS in both groups, followed by viral
pneumonia and extrapulmonary causes sec-
ondary to septic shock.

With respect to the severity of ARDS
and the degree of hypoxemia at baseline,
there was no significant difference in the
Murray lung injury score between the VV-
ECMO and mechanical ventilation groups
(3.44+0.5 vs. 3.3£0.5, respectively). There
was a trend toward a higher plateau pres-
sure, PEEP, and FiO, in the VV-ECMO
than mechanical ventilation group; howev-
er, the differences between the two groups
failed to achieve statistical significance.
Only 15 of 30 patients in the VV-ECMO
group and 11 of 34 patients in the mechan-
ical ventilation group were able to be suc-
cessfully ventilated with a low-TV strategy.
Prone-position ventilation was performed
in 12 patients (VV-ECMO, n = 5; mechani-
cal ventilation, n = 7). Among the 5 patients
in the VV-ECMO group who received
prone-position ventilation, there was no
significant improvement in oxygenation
during or after the procedure. Blood gas
analysis showed that patients in the
VV-ECMO group had significantly lower
pH (7.20+0.13 vs. 7.34+0.12, p<0.001)
and higher PaCO, (54.44+19.1 s.
42.1+15.1mmHg, p=0.006) than those
in the mechanical ventilation group.

A non-significant trend toward a lower
PaO,/FiO, ratio was observed among
patients in the VV-ECMO group compared
with those in the mechanical ventilation
group  (67.2+£257 vs. 76.6+16.0)
(Table 1). The median duration from
onset of ARDS to VV-ECMO initiation
was 2 days (interquartile range, 1-3 days;
maximum, 17 days), and the median
VV-ECMO support duration was 9 days
(interquartile range, 6—14 days; maximum,
58 days).

At 48 hours after patients met the ELSO
criteria for VV-ECMO initiation, patients
who underwent VV-ECMO cannula inser-
tion were ventilated with a significantly
lower plateau pressure (p<0.001), PEEP
(p=0.02), driving pressure (p=0.002),
FiO, (p<0.001), and TV (p<0.001) than
patients who did not undergo VV-ECMO
cannula insertion (Table 2). A low-TV
strategy was applied in a significantly
higher proportion of patients in the VV-
ECMO than mechanical ventilation group
(93.3% vs. 44.1%, respectively; p<0.001).
Arterial blood gas analysis at 48 hours
after fulfillment of the ELSO criteria for
VV-ECMO initiation showed a significantly
lower PaCO, (p=0.002) and bicarbonate
level (p=0.01) in the VV-ECMO than
mechanical ventilation group (Table 2).

Significantly more patients in the
VV-ECMO group than mechanical ventila-
tion group required vasopressor therapy
(p<0.001) (Table 2). The number of
mechanical ventilator-dependent days was
not significantly different between the
two groups. VV-ECMO weaning was
successfully achieved in 13 patients (43%).
In-hospital mortality was also not signifi-
cantly different between the two groups
(66.7% in VV-ECMO group vs. 70.6%
in mechanical ventilation group). With
respect to complications associated with
VV-ECMO, intracranial hemorrhage was
observed in four patients and gastrointesti-
nal bleeding that required blood transfusion
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Table I. Patients’ baseline characteristics and respiratory parameters on the day on which ECMO initiation
criteria were satisfied.

VV-ECMO Mechanical
Characteristics (n=30) ventilation (n = 34) p
Age, years 60.0+18.2 5234194 0.08
Male sex 16 (53.3) 26 (76.5) 0.07
Body mass index, kg/m2 249458 242+ 6.6 0.68
APACHE I score 25.8+6.9 25.6+7.3 0.88
SOFA score 11.5£3.0 114+£34 091
Murray lung injury score* 34+05 33+05 0.61
Cause of ARDS
- Bacterial pneumonia 21 (70.0) 24 (70.6) 0.96
- Viral pneumonia 6 (20.0) 4(11.8) 0.37
- Sepsis 2 (6.7) 4 (11.8) 0.49
- Pulmonary tuberculosis 1 (3.3) 2 (5.9) 0.63
Underlying condition
- Hypertension 21 (70.0) Il (32.4) 0.001
- Diabetes mellitus 13 (43.3) 8 (23.5) 0.09
- Coronary artery disease 7 (23.3) 2 (5.9) 0.05
- Chronic renal insufficiency 8 (26.7) 5 (14.7) 0.24
Coincident acute condition
- Received vasopressors 19 (63.3) Il (32.4) 0.01
- Septic shock 18 (62.1) 8 (23.5) 0.002
- Post-arrest 1 (34) 1 (2.9) 0.96
- Pneumothorax 4 (13.5) 3(8.8) 0.53
Ventilator parameters
- Respiratory rate, breaths per minute 305+64 27.7+6.3 0.09
- Plateau pressure, cmH,O 32.6+87 29.6 £6.2 0.15
- PEEP, cmH,O 13.1 £45 11.6£34 0.1
- Driving pressure, cmH,O 194477 18.0+6.4 0.45
- Fraction of inspired oxygen, % 97.0£9.0 94.0+8.0 0.2
- Tidal volume, mL/kg 6.6+29 70+2.0 0.52
- Tidal volume of <6 mlL/kg 15 (50.0) I (32.1) 0.17
Arterial blood gas
-pH 720+0.13 7.34+0.12 <0.001
- PaO,, mmHg 6441243 71.7+15.5 0.16
- PaCO,, mmHg 544+ 19.1 42.1 £ 15.1 0.006
- Bicarbonate, mmol/L 21.0+7.1 23.8+4.7 0.21
- PaO,/FiO, ratio 67.2+25.7 76.6+16.0 0.1

Data are presented as mean = standard deviation or number (percentage).

A p-value of <0.05 indicates statistical significance.

*The Murray lung score is used to evaluate the severity of lung injury. The score ranges from 0 to 4, and a higher score
indicates more severe lung injury.

VV-ECMO, venovenous extracorporeal membrane oxygenation; APACHE Il score, Acute Physiology and Chronic Health
Evaluation Il score (range, 0-71; a higher score indicates greater disease severity); SOFA score, Sequential Organ Failure
Assessment score (range, 0—24; a higher score indicates a greater degree of severe organ dysfunction); ARDS, acute
respiratory distress syndrome; PEEP, positive end-expiratory pressure; PaO,, partial pressure of oxygen; PaCO,, partial
pressure of carbon dioxide; FiO,, fraction of inspired oxygen.
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Table 2. Therapeutic management and patient outcomes.

VV-ECMO Mechanical
Parameters (n=230) ventilation (n=34) p
ARDS management*
- Low tidal volume strategy (<6 mL/kg) 28 (93.3) 15 (44.1) <0.001
- Recruitment maneuver 17 (56.7) 9 (26.5) 0.0l
- Prone position 5 (16.7) 7 (20.6) 0.69
Ventilator parameters at 48 hours™*
- Plateau pressure, cmH,O 22.74+57 289 +5.1 <0.001
- Positive end-expiratory pressure, cmH,O 89+26 11.0+3.6 0.02
- Driving pressure, cmH,O 13.8+£5.2 17.9+£45 0.002
- Fraction of inspired oxygen, % 41.0£15.0 76.0+18.0 <0.001
- Tidal volume, mL/kg 38+1.8 6.6+ 1.4 <0.001
Arterial blood gas at 48 hours™*
-pH 7.34+0.15 7.33£0.11 0.78
- PaO,, mmHg 109.3 £63.3 109.9 £59.4 0.97
- PaCO,, mmHg 323+94 440+£16.7 0.002
- Bicarbonate, mmol/L 18.0+5.8 23.2+45 0.01
Mechanical ventilator-dependent days 234+ 135 240+ 154 0.93
Vasopressor 29 (96.7) Il (32.4) <0.001
Vasopressor-dependent days 7.0+£5.1 48+38 0.2
Renal replacement therapy 20 (66.7) 14 (41.2) 0.29
Renal replacement therapy-dependent days 6.0+£7.6 28+46 0.18
Patient outcome
- 28-day mortality 18 (60.0) 20 (58.8) 0.92
- In-hospital mortality 20 (66.7) 24 (70.6) 0.74

Data are presented as number (percentage) or mean = standard deviation.

A p-value of <0.05 indicates statistical significance.

*ARDS management that patients received after meeting the criteria for ECMO initiation.

**Evaluated at 48 hours after patients met the criteria for ECMO initiation.

VV-ECMO, venovenous extracorporeal membrane oxygenation; ARDS, acute respiratory distress syndrome; PaO,, partial
pressure of oxygen; PaCO,, partial pressure of carbon dioxide.

occurred in three patients (Table 3). Among
these patients, three died as a direct result
of intracranial hemorrhage. No evidence of
limb ischemia or serious bleeding at the site
of cannula insertion was found. Within the
VV-ECMO group, the hospital mortality
rate was significantly higher in patients
with than without complications (90% vs.
55%., respectively; p =0.05). Cox regression
analysis identified preexisting septic shock
as an independent predictor of hospital
mortality among patients with severe
ARDS who developed refractory hypox-
emia (p=0.05), whereas a low TV of

<6mL/kg was identified as a protective
factor (p =0.03) (Table 4).

Discussion

In this retrospective cohort study, VV-
ECMO support among patients with
severe ARDS who developed refractory
hypoxemia was associated with a lower
plateau pressure, lower driving pressure,
lower PEEP, and lower FiO, and promoted
low-TV-strategy compliance. However, nei-
ther the in-hospital mortality rate nor the
number of ventilator-dependent days was



Journal of International Medical Research

Table 3. Complications associated with VV-EMCO (n = 30).

In-hospital
Complications n mortality n (%) b
No complications 20 Il (55.0) 0.05
Complications 0 9 (90.0)
- Intracranial hemorrhage
- Massive gastrointestinal bleeding

- Cardiac arrhythmia
- Blood clot inside ECMO cannula
- Hemolysis

A p-value of <0.05 indicates statistical significance.

*p-value for hospital mortality between VV-ECMO with and without complications.
VV-ECMO, venovenous extracorporeal membrane oxygenation.

Table 4. Cox regression analysis of factors independently predictive of hospital
mortality among patients with severe ARDS who developed refractory

hypoxemia.

Clinical parameters HR 95% ClI b
Male sex 0.42 0.07-2.42 0.33
Hypertension 2.78 0.32-23.76 0.35
Diabetes mellitus 2.40 0.40-14.37 0.34
Coronary artery disease 0.09 0.01-2.81 0.17
Septic shock 9.16 1.01-83.16 0.05
Murray score*® 1.27 0.12-13.88 0.85
Baseline respiratory rate 091 0.77-1.07 0.25
Baseline plateau pressure 0.86 0.69-1.06 0.16
Baseline PEEP 0.87 0.62—-1.22 0.41
Baseline PaO,/FiO, ratio 0.99 0.95-1.03 0.66
Baseline PaCO, 0.97 0.91-1.03 0.26
Low tidal volume strategy 0.51 0.28-0.95 0.03
VV-ECMO 0.49 0.04-5.56 0.57

A p-value of <0.05 indicates statistical significance.

*The Murray lung score is used to evaluate the severity of lung injury. The score ranges from
0 to 4, and a higher score indicates more severe lung injury.

ARDS, acute respiratory distress syndrome; HR, hazard ratio; Cl, confidence interval; PEEP,
positive end-expiratory pressure; PaO,, partial pressure of oxygen; FiO,, fraction of inspired
oxygen; PaCO,, partial pressure of carbon dioxide; VV-ECMO, venovenous extracorporeal

membrane oxygenation.

significantly different from those in patients
who received conventional mechanical
ventilator support. Additionally, the in-
hospital mortality rate was significantly
higher among patients with than without
VV-ECMO-related complications.

VV-ECMO is reportedly a successful
lifesaving treatment for refractory hypox-
emia caused by severe ARDS. The ECMO
to Rescue Lung Injury in Severe ARDS
(EOLIA) trial was a multicenter random-
ized controlled trial that randomly assigned
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patients with severe ARDS to receive either
ECMO support (ECMO group) or conven-
tional ARDS treatment (control group).'?
Patients in the control group received stan-
dard ARDS treatment, which included a
low-TV strategy, optimal PEEP, neuromus-
cular blockade, prone position, and recruit-
ment maneuver. Thirty-five of 125 patients
(28%) in that group developed refractory
hypoxemia despite receiving comprehensive
ARDS treatment. Those patients had
evidence of cardiovascular failure (as deter-
mined by an increasing serum lactate level)
that required a higher dose of inotropes, the
presence of severe right ventricular failure,
and cardiac arrest before rescue ECMO was
initiated. Fifteen of those 35 (43%) patients
survived to 60 days."® Improving oxygena-
tion by VV-ECMO prevents cardiovascular
collapse and cardiac arrest due to severe
hypoxemia, and it allows adequate time
for the patient’s lungs to recover from
ARDS, especially if the cause is reversible.
Data from cohort studies conducted during
the 2009 influenza HIN1 worldwide pan-
demic era showed that patients with refrac-
tory hypoxemic ARDS were successfully
treated by VV-ECMO support until their
recovery from ARDS.® The results from a
2009 matched cohort study showed that
adults with suspected or confirmed influen-
za HINI infection-associated respiratory
failure who were referred to a VV-ECMO
center had significantly lower hospital
mortality than non-referred patients.’
Moreover, most of the VV-ECMO-
referred patients (86.3%) received VV-
ECMO support. When a propensity
score-matching model was performed,
the hospital mortality rate was 23.7% for
VV-ECMO-referred patients versus 52.5%
for  non-VV-ECMO-referred  patients
(p=0.006). The benefit of referring patients
with severe ARDS to a VV-ECMO center
was confirmed by a randomized controlled
trial (CESAR trial) that enrolled 180 adults
with respiratory failure with a potentially

reversible cause and a Murray score of >3
or pH of <7.2. That study randomly allo-
cated patients to either the conventional
treatment group or the VV-ECMO center
referral group. Most patients in the referral
group (68/90) received VV-ECMO support.
The results showed that 63% of patients
in the referral group but only 47% in the
conventional treatment group survived to
6 months without disability (p=0.03).” In
our study, patients who received VV-
ECMO had a mean baseline Murray score
of 3.44+0.5 and a mean pH of 7.20+0.13,
which is similar to the CESAR trial inclu-
sion criteria. However, patients in the non-
VV-ECMO group had a mean baseline pH
of 7.34 £0.12 (significantly higher than the
mean value in the VV-ECMO group),
which is not similar to the CESAR trial
inclusion criteria (Table 1).

In addition to improving oxygenation,
VV-ECMO also improves patient ventila-
tion. This technique allows patients to be
ventilated under a very low TV together
with a low FiO,. The TV can be set to
<4mL/kg of ideal body weight, which dra-
matically decreases the peak inspiratory
pressure. The present study showed that
at 48 hours after patients met the criteria
for VV-ECMO initiation, patients who
received VV-ECMO were ventilated with a
significantly lower plateau pressure, PEEP,
driving pressure, FiO,, and TV than
patients who did not receive ECMO sup-
port (Table 2). This finding corresponds
with a recently reported multicenter study
involving patients from 23 international
ICUs; the study showed that the concept
of lung rest has been accepted by physicians
who care for patients with severe ARDS
worldwide.'* Evidence from another multi-
center cohort study revealed that a lower
driving pressure, which is the difference
between the inspiratory pressure and
PEEP, after VV-ECMO initiation was
an independent predictor of the hospital
survival outcome.'® The combination of a
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lower driving pressure and lower TV prevents
volutrauma and barotrauma, both of which
are important mechanisms of ventilator-
induced lung injury. Other preventable
types of lung injury include atelectrauma,
which can be prevented by using a higher
PEEP. Although data from a meta-analysis
did not confirm the benefit of a higher PEEP
over a lower PEEP in patients with ARDS
who underwent mechanical ventilation with-
out VV-ECMO support,'® evidence from a
multicenter  retrospective  observational
study suggested that a lower PEEP during
VV-ECMO support was associated with a
higher mortality rate. The mean PEEP of
VV-ECMO survivors and non-survivors
was 12.7+2.9 and 11.0 + 2.7 cmH,O, respec-
tively.'® Recovery from ARDS may be pro-
moted and hastened via a reduction in the
ongoing process of lung injury during
mechanical ventilation. In our patients
undergoing ECMO and similar to previous
studies, we were able to optimize prevention
of volutrauma and barotrauma by decreasing
the TV and driving pressure to a low level.
However, even with a relatively low PEEP
(8.9 £2.6 cmH-0) after VV-ECMO support,
atelectrauma could not be fully prevented.
Although VV-ECMO is considered a
lifesaving procedure, it can be complicated
by several adverse events. According to a
meta-analysis of nine observational studies
involving 545 patients undergoing VV-
ECMO, bleeding problems were the leading
complication with an incidence of 24.9%."°
Intracranial hemorrhage was reported in
2.8% of patients. There was a significantly
higher proportion of bleeding complica-
tions among non-survivors than among sur-
vivors in the univariate analysis; however,
neither bleeding nor intracranial hemor-
rhage was identified as an independent pre-
dictor of death among patients undergoing
VV-ECMO in the multivariate analysis. In
the present study, 10 of 30 patients under-
going VV-ECMO developed complications
associated with VV-ECMO. Intracranial

hemorrhage was the leading complication
(4 of 10 patients), followed by gastrointesti-
nal bleeding that required blood transfusion
(3 of 10 patients). Similar to the above-
mentioned report, we found the hospital
mortality rate to be significantly higher
among patients undergoing ECMO with
than without complications (Table 3).

In the present study, the in-hospital mor-
tality rate of patients with ARDS who
developed refractory hypoxemia and under-
went VV-ECMO support at our center was
higher than that in previously reported
Western studies conducted at high-volume
and experienced ECMO centers. This can
be explained by the higher proportion of
patients with septic shock in our popula-
tion. To improve ECMO survival out-
comes, the mechanical ventilator setting
during ECMO support needs to be adjust-
ed. The TV should be set at a low level of 4
to 6 mL/kg of ideal body weight. This lower
tidal volume will reduce the plateau pres-
sure and driving pressure. The PEEP
should be set at a higher level to prevent
atelectrauma. Esophageal pressure moni-
toring may be helpful to identify the opti-
mal PEEP. Another strategy to potentially
improve ECMO outcomes is to prevent
complications associated with ECMO sup-
port. The most common complication is
bleeding (including intracranial hemor-
rhage); therefore, anticoagulant manage-
ment should be thoroughly controlled with
close monitoring of the activated partial
thromboplastin time, which should be 1.5
to 2.0 times the normal value. Prompt
platelet transfusion and fibrinogen supple-
mentation should be provided to maintain
the platelet count at >100,000/puL. and
fibrinogen level at >150 mg/dL according
to the ELSO 2014 recommendations.'®

Limitations

This study has certain limitations. First,
because of the retrospective observational
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nature of this study, there was an inevitable
bias in patient selection to receive VV-
ECMO support or not. All physicians on
the VV-ECMO team, attending physicians,
and patient’s family members who were
involved in the ECMO decision conference
knew about the patient’s condition. The
decision to initiate ECMO may have been
based on the presence of more severe hyp-
oxemia. Furthermore, patients whose hyp-
oxemia seemed to be improved by
conventional treatment or who had other
health problems may have been considered
for continuation of conventional treatment.
Considering the patients’ hemodynamic
status, patients in the ECMO group were
likely to have a more severe condition at
baseline because they received vasopressors
at a significantly higher proportion than
patients in the mechanical ventilation
group. As such, the comparison outcome
between ECMO versus conventional treat-
ment should be interpreted in the context of
this selection bias. Second, the number of
patients enrolled in this study was small
because the rarity of ARDS with refractory
hypoxemia. Our small sample size may have
limited the statistical power of our study to
identify all significant differences and asso-
ciations. Finally, this was a single-center
study, which may limit the generalizability
of our findings to other centers or health-
care settings.

Conclusion

This study has demonstrated that VV-
ECMO support in patients with ARDS
who develop refractory hypoxemia pro-
motes “lung resting” by reducing the TV,
peak inspiratory pressure, and driving pres-
sure. This could limit the progression of
ventilator-induced lung injury and allow
adequate time for lung recovery from
ARDS. However, the in-hospital mortality
rate among patients undergoing VV-
ECMO was not significantly different

from that among patients receiving conven-
tional ARDS treatment. Further improve-
ment in the prevention of ECMO-associated
complications and optimal mechanical venti-
lator setting adjustment may lead to more
favorable ECMO outcomes.
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