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Abstract

Introduction: Barotrauma is a frequent complication in patients with severe res-
piratory failure and is associated with poor outcomes. Extracorporeal membrane
oxygenation (ECMO) implantation allows to introduce lung-protective ventila-
tion strategies that limit barotrauma development or progression, but available
data are scarce. We performed a scoping review to summarize current knowledge
on this therapeutic approach.

Materials and Methods: We systematically searched PubMed/MEDLINE,
EMBASE, and the Cochrane Central Register of Controlled Trials for stud-
ies investigating ECMO as a strategy to prevent/limit barotrauma progression
in patients with respiratory failure. Pediatric studies, studies on perioperative
implantation of ECMO, and studies not reporting original data were excluded.
The primary outcome was the rate of barotrauma development/progression.
Results: We identified 21 manuscripts presenting data on a total of 45 ECMO pa-
tients. All patients underwent veno-venous ECMO. Of these, 21 (46.7%) received
ECMO before invasive mechanical ventilation. In most cases, ECMO implanta-
tion allowed to modify the respiratory support strategy (e.g., introduction of ul-
traprotective/low pressure ventilation in 12 patients, extubation while on ECMO
in one case, and avoidance of invasive ventilation in 15 cases). Barotrauma
development/progression occurred in <10% of patients. Overall mortality was
8/45 (17.8%).

Conclusion: ECMO implantation to prevent barotrauma development/progres-
sion is a feasible strategy and may be a promising support option.

KEYWORDS

acute respiratory distress syndrome, extracorporeal membrane oxygenation, Macklin effect,
mechanical ventilation, pneumomediastinum, pneumothorax
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1 | INTRODUCTION

Barotrauma is the term used to describe physical injury to
body tissues produced by a pressure differential between
a gas area inside the body or in touch with it and the fluid
surrounding it.' Pneumomediastinum (PMD) and pneu-
mothorax (PNX) are typically interpreted as an indication
of lung barotrauma.?

According to multiple studies, patients with acute re-
spiratory distress syndrome (ARDS) often experience
barotrauma—in the form of PMD and PNX—with a re-
ported rate of occurrence ranging from 6% to 20%.>*
However, management of PNX/PMD in patients with re-
spiratory failure is challenging and nonstandardized,*®
and the death rate for ARDS patients who develop PNX/
PMD may exceed 60%.

Extracorporeal membrane oxygenation (ECMO) is a
mechanical circulatory support device used to replace pul-
monary gas exchange function or cardiac function in pa-
tients with severe respiratory or cardiovascular failure.””
In current practice, ECMO is generally regarded as a res-
cue device for the most severe cases who failed to respond
to all other available support strategies.”>'!!

Use of ECMO may be particularly attractive in pa-
tients with barotrauma, as the use of the membrane
lung to ensure gas exchange could facilitate the insti-
tution of protective and ultraprotective ventilation,*
thus ultimately limiting pressures delivered to the air-
way/lung system. Of note, in some cases positive pres-
sure invasive ventilation could potentially be avoided
by the use of ECMO."*'* Accordingly, some authors
hypothesized that limiting or avoiding at all positive
pressure ventilation might either prevent the develop-
ment of barotrauma or avoid its progression once baro-
trauma has occurred.'>'® In a small case series of seven
COVID-19 patients with severe ARDS and at high risk
for barotrauma, Paternoster et al. observed that early
application of awake veno-venous (V-V)-ECMO without
invasive mechanical ventilation (IMV) resulted in low
rates of intubation and death alongside no barotrauma
occurrences.'” Nevertheless, paucity of data in the pub-
lished literature on the use of ECMO to prevent or limit
barotrauma exists.

Therefore, we performed a scoping review aiming to
assess both the feasibility and efficacy of ECMO implan-
tation in patients with or at risk for barotrauma to prevent
its occurrence or further progression.

2 | METHODS

Based on the guidelines from the Cochrane Collaboration
and Centre for Reviews and Dissemination, we conducted

a systematically structured scoping review in line with
the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) checklist guideline and
its extension for scoping reviews (PRISMA-ScR)."® The
PRISMA-ScR checklist is included in the Supplementary
Appendix (Supplementary Material).

The PICO (Patient/Population/Problem, Intervention,
Comparison/Control, Outcome) approach was employed
to formulate the review question: Among adult patients
with or at risk for barotrauma (P), does the implantation
of ECMO (I), compared to standard care (C), result in the
prevention of barotrauma occurrence or in limiting its fur-
ther progression (O)?

Our hypothesis was that ECMO implantation would
allow to avoid invasive ventilation or maintain ultrapro-
tective ventilation, which would in turn result in the
prevention of barotrauma or the avoidance of its further
progression.

2.1 | Search strategy

Three experienced and independent investigators con-
ducted a comprehensive, unbiased search on PubMed/
MEDLINE, EMBASE, and the Cochrane Central Register
of Controlled Trials databases from their inception to
identify studies (up to May 10th, 2024, without inception
limits) pertinent to the research question.

Details regarding the search strategy are made avail-
able in the Supplementary Appendix (Supplementary
Material, Search Strategy).

Duplicate publications were removed using EndNote
X9 (Clarivate Analytics), and the resulting citations were
uploaded to Rayyan for screening."

Notably, both backward and forward snowballing
techniques were applied to scrutinize the references of
selected articles, aiming to identify additional studies for
potential inclusion in the systematic review.

No additional language restrictions were imposed.

2.2 | Study selection

Following removal of duplicate records from multiple
databases using Zotero duplicate identification and then
manually checking deleted records, every reference
identified through the database search and literature re-
view underwent independent assessment by the three
investigators, at both title and abstract levels. In cases
where concerns or disagreements arose, full-text articles
were consulted, and any disagreements were resolved
through discussion ultimately involving a third, senior
investigator.
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2.2.1 | Inclusion criteria

We used the following inclusion criteria: patients aged
18years or older; with respiratory failure; with or at risk
for barotrauma; undergoing ECMO implantation to pre-
vent barotrauma occurrence or its further progression.

2.2.2 | Exclusion criteria

Studies concerning the pediatric population, studies on
perioperative/periprocedural use of ECMO, publica-
tions not presenting original data (including narrative
reviews, systematic reviews, meta-analyses, commen-
taries, letters, and editorials), and works published
in languages other than English for whose an English
translation was not obtained were excluded from this
review.

2.3 | Data extraction and quality
assessment

Two independent investigators conducted data extrac-
tion, aided by standardized forms for each of the in-
cluded trials. All available data outlined in the research
protocol, including study characteristics (such as first
author, year of publication, and country), setting, sam-
ple size, details on ECMO support, and outcomes, were
extracted.

2.3.1 | Risk of bias assessment

The risk of bias assessment was independently per-
formed by two investigators with the Risk Of Bias In Non-
randomized Studies-of Interventions (ROBINS-I), as
shown in the Supplementary Appendix (Supplementary
Material, Table S2).***' Disagreements were resolved
during the review process by discussion with a third
reviewer and by consensus. Based on this method, risk
levels were classified as “high risk of bias,” “some con-
cerns,” or “low risk of bias.” We considered an investiga-
tion as low risk of bias only if all domains were assessed
as low risk of bias.

2.4 | Primary outcome

The primary outcome of our study was the rate of baro-
trauma development or progression. Development of
barotrauma was defined as development of PNX, PMD,
or subcutaneous emphysema while on ECMO support.

Organs _Wl LEYJ_3

Articles identified with
string: 591

Excluded:

- Not pertinent to our research question: 463
- Non-original investigations: 56

- Wrong population: 12

- Language other than English: 7

- Cc ies or Editorials: 6

- Not available in Italy: 1

Total articles eligible for
full-text assessment: 46

Excluded:

- ECMO not for barotrauma prevention: 12
- Lack of outcome data: 7

- Periprocedural/Perioperative ECMO: 6

Total articles included
with string: 21

FIGURE 1 Flowchart of the studies selection and identification
process.

Progression of barotrauma was defined according to the
authors of each individual study. If no definition was re-
ported, barotrauma progression was defined as the need
for additional therapeutic interventions to treat baro-
trauma (e.g. chest drain), or enlargement of original baro-
trauma (e.g. worsening PNX, development of bilateral
PNX in a patient with unilateral PNX, development of
PNX in addition to PMD, etc.).

Additional outcomes included all-cause longest fol-
low-up mortality, successful weaning from ECMO/
achievement of lung transplantation, and rate of intu-
bation for patients receiving ECMO without invasive
ventilation.

2.5 | Statistical analysis

We presented the results from individual studies, typi-
cally encompassing predictive performance for pre-
defined outcomes. Provided the heterogeneity in the
literature and considering that most of the retrieved
studies were case reports or case series with <5 patients,
quantitative data synthesis or analysis were not
performed.

3 | RESULTS
Our search strategy identified 591 articles concerning
the use of ECMO as a support strategy in patients with
or at high risk for barotrauma. Of these, 544 studies were
excluded after title and abstract assessment. One study
was excluded because the full article was not available.
Consequently, 46 studies were eligible for detailed assess-
ment (Figure 1), of which 21 (enrolling a total of 45 ECMO
patients) were subsequently selected for inclusion.'®7**~*
The list of major exclusions with detailed rea-
sons for exclusion is available in the Supplementary
Appendix (Supplementary Material, Table S1).
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TABLE 1 Characteristics of included studies.

ECMO
without ECMO for
ECMO invasive barotrauma
Country patients, ventilation, prevention or
First author Year oforigin Study design Setting no. no. treatment
Ali HS* 2016 Qatar Case Report P. jirovecii 1 0 Treatment in patients
Pneumonia/ARDS with established
barotrauma
Algatari $** 2018  Ireland Case Report Autoimmune- 1 0 Treatment in patients
related interstitial with established
lung disease barotrauma
(dermatomyositis)
Attou R*! 2024  Belgium  Retrospective COVID-19 9 (plus 13 9 Treatment in patients
Observational/ Pneumonia/ARDS patients in with established
Cohort/Case series the control barotrauma
group)
Azzam MH'® 2021  Saudi Case Report COVID-19 1 1 Treatment in patients
Arabia Pneumonia/ARDS with established
barotrauma
Barnacle J*® 2020 UK Case Report Leptospirosis 1 0 Treatment in patients
Infection (with with established
pulmonary barotrauma
hemorrhage)
El-Battrawy I* 2015 Germany Case Report Non-COVID-19 1 0 Treatment in patients
Pneumonia/ARDS with established
barotrauma
Golino G** 2024  Italy Case Report COVID-19 1 0 Treatment in patients
Pneumonia/ARDS with established
barotrauma
Grant A* 2020  USA Retrospective Chest trauma-related 3 0 Treatment in patients
Observational/ (penetrating/blunt) with established
Cohort/Case series bronchopleural fistula barotrauma
Gu Q¥ 2021 China Case Report Autoimmune- 1 0 Treatment in patients
related interstitial with established
lung disease barotrauma
(dermatomyositis)
Huang G¥ 2022 China Case Report P. jirovecii 1 0 Treatment in patients
Pneumonia/ARDS with established
barotrauma
Kishaba T 2022 Japan Case Report COVID-19 1 0 Treatment in patients
Pneumonia/ARDS with established
barotrauma
Kohara J*° 2022 Japan Case Report COVID-19 1 0 Treatment in patients
Pneumonia/ARDS with established
barotrauma
Nakatsutsumi . 2020 Japan Case Report COVID-19 1 0 Treatment in patients
K* Pneumonia/ARDS with established
barotrauma
Odish MF?*’ 2021  USA Retrospective ARDS, mixed etiology 4 0 Treatment in patients
Observational/ with established
Cohort/Case series barotrauma
Paternoster 2022 Italy Retrospective COVID-19 7 7 Prevention in high-
GY Observational/ Pneumonia/ARDS risk patients

Cohort/Case series
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TABLE 1 (Continued)
ECMO
without ECMO for
ECMO invasive barotrauma
Country patients, ventilation, prevention or
First author Year oforigin Study design Setting no. no. treatment
Pereira SL* 2021 Portugal  Retrospective P. jirovecii 4 2 Prevention (3 patients)
Observational/ Pneumonia/ARDS Treatment (1 patient)
Cohort/Case series
Sekhon M* 2021 Canada Retrospective COVID-19 3 0 Treatment in patients
Observational/ Pneumonia/ARDS with established
Cohort/Case series barotrauma
Takahashi S*® 2023  Japan Case Report COVID-19 1 0 Treatment in patients
Pneumonia/ARDS with established
barotrauma
Thiara APS* 2009  Norway Case Report Legionella 1 0 Treatment in patients
Pneumonia/ARDS with established
barotrauma
Umlauf J** 2022 Germany Case Report COVID-19 1 1 Treatment in patients
Pneumonia/ARDS with established
barotrauma
Unold J*° 2021 USA Case Report COVID-19 1 1(extubated  Prevention in high-
Pneumonia/ARDS while on risk patients
ECMO)

Abbreviations: ARDS, acute respiratory distress syndrome; COVID-19, coronavirus disease 2019; ECMO, extracorporeal membrane oxygenation.

3.1 | Characteristics of the included

studies

Details on study characteristics are presented in Table 1.
All but three studies were published after 2017. The re-
maining three articles were published in 2009,%°2015,%
and 2016, respectively. Four studies were performed
in Japan,”>*>* three in the United States,?>*>*’ two
in China,?”*° two in Germany”’34 two in Italy,”’33 and
the others were published in Portugal,32 Saudi Arabia,'®
Qatar,36 Ireland,?* Norway,26 UK,?® and Canada,” re-
spectively. Six were retrospective observational stud-
ies!”?#2531:3237 and the remaining 15 were case reports.
Only one study compared patients managed with
an “ECMO-first (invasive ventilation as rescue)” ap-
proach to patients managed with “invasive ventilation
first (ECMO as rescue)” approach.’’ Eleven studies
investigated patients with Coronavirus Disease 2019
(COVID-19) " pneumonia/ARDS, 617:23:25:3031,33-35.3840
three studies investigated patients with P. jirovecii
pneumonia/ARDS,”’%‘39 and two studies investi-
gated patients with autoimmune-related interstitial
lung disease (i.e., dermatomyositis).?*?’ The remain-
ing studies examined patients with mixed-etiology
ARDS,* chest trauma-related bronchopleural fistula,**
Legionella pneumonia/ARDS,*® Leptospirosis infection

(with pulmonary hemorrhage),”® and non-COVID-19
pneumonia/ARDS.*

3.2 | Extracorporeal membrane
oxygenation and mechanical ventilation
settings

Details on ECMO settings are presented in Table 2. All
patients were treated with V-V-ECMO. Of these, 20
patients (44.4%) underwent ECMO implantation be-
fore receiving invasive ventilation. The most common
cannulation configuration was femoro-femoral, while
heparin was the most commonly reported anticoagu-
lant administered. Thirteen studies reported details on
ventilation/respiratory support settings before and after
ECMO implantation,16’23’28‘31’33’35"40 and in all but one’!
cases, ventilation settings were adjusted after ECMO
implantation. In particular, patients were switched
from conventional to ultraprotective ventilation in four
studies (seven patients),***°7 while lower peak inspira-
tory pressure (PIP) and positive end-expiratory pressure
(PEEP) were used in five studies (five patients).23’28’38_40
One patient was extubated while on ECMO0.* In one
case,”’ separate two-lungs protective ventilation was
used.
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TABLE 2 (Continued)

ECMO

Change in ventilation
setting/respiratory

duration

(mean/

Respiratory

Initial cannulation
configuration

Anticoagulation

type

support after ECMO

initiation

Respiratory support
during ECMO

support before
ECMO

ECMO

median, days)

configuration

Year

First author

Fem-jug

N/A

Lower PIP and PEEP

IMV (protective

MV

V-V

2023

Takahashi S%

ventilation pressures)

IMV

(high-pressures)

IMV

39

Fem-jug

Iv. UFH

N/A

V-V

2009

Thiara APS*

(high-pressures)
HFNC
IMV

17

Fem-jug
N/A

N/A
N/A

N/A

HFNC
COT

V-V
V-V

2022

Umlauf J**
Unold J*°

N/A

Extubation while on

ECMO

2021

Abbreviations: COT, conventional oxygen therapy; ECMO, extracorporeal membrane oxygenation; HFNC, high-flow nasal cannula; IMV, invasive mechanical ventilation; i.v., intravenous; N/A, not available; NIV,
noninvasive ventilation; PEEP, positive end-expiratory pressure; PIP, peak inspiratory pressure; s.c., subcutaneous; UFH, unfractionated heparin; V-V, veno-venous; ZEEP, zero end-expiratory pressure.
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3.3 | Primary and secondary outcomes
3.3.1 | Barotrauma development in high-risk
patients

Three studies (11 patients, 31.4%) reported “prophylac-
tic” use of ECMO in patients at risk for barotrauma,'”3%32
while in all other cases ECMO was implanted after baro-
trauma development.

Criteria to define high-risk of barotrauma were: (i)
presence of Macklin-like radiological sign'>**** on base-
line chest computed tomography;'’ (ii) presence of large
emphysematous bullae;* and (iii) P. jirovecii pneumonia.*

Overall, one patient(1/11; 9.1%) among those undergo-
ing “prophylactic” ECMO developed barotrauma (asymp-
tomatic pneumothorax),*> while two patients died (2/11;
18.2%)."

3.3.2 | Barotrauma progression in patients
with barotrauma at the time of extracorporeal
membrane oxygenation implantation

A total of 34 patients (75.6%) presented barotrauma at
the time of ECMO implantation. In only two cases**?’
(2/24, 8.3%), there was a worsening of the initial baro-
trauma following support with ECMO, while six pa-
tients died (17.6%).2**" Of note, one of these patients
was among those exhibiting barotrauma progression,**
while for the others no data on barotrauma progression
was available.

3.3.3 | Extracorporeal membrane
oxygenation versus invasive ventilation

Only one study reported data comparing an “ECMO-
first” versus an “invasive ventilation first” approach
for patients with COVID-19 ARDS and pneumome-
diastinum.?’ The authors did not report data on baro-
trauma progression but reported lower mortality rates
in patients receiving an “ECMO-first” approach (55%
versus 92%). Of note, 55% of the “ECMO-first” patients
ultimately required invasive ventilation, while 61% of
the “invasive ventilation first” patients required ECMO
support. All of the patients requiring escalation of
support died.

3.34 | Secondary outcomes

Overall, 36 patients (80%) were weaned off ECMO or
underwent lung transplantation. A total of eight (17.8%)
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patients died,'”***! while the remaining patient was still
receiving ECMO support when the original study was
published.

Among patients undergoing ECMO without invasive
ventilation, need for intubation occurred in six patients
(6/21, 28.6%).

Further details on outcomes are presented in Table 3.

4 | DISCUSSION

4.1 | Key findings

In this scoping review, we found that ECMO implanta-
tion with the goal of limiting barotrauma progression
is feasible and is also generally associated with good
outcomes, although data remains scarce and gener-
ally limited to individual case reports. We also found

TABLE 3 Primary and secondary outcomes.

Barotrauma
progression (for

Barotrauma
development (for
patients receiving

ECMO for ECMO for

First author Year prevention), no. treatment), no.
Ali HS* 2016  N/A 0
Algatari $** 2018 N/A 1
Attou R*! 2024  N/A N/A
Azzam MH' 2021 N/A 0
Barnacle J* 2020 N/A

El-Battrawy 2015  N/A 0

129

Golino G* 2024  N/A 0
Grant A% 2020 N/A 0
Gu Q¥ 2021 N/A 0
Huang G* 2022 N/A 0
Kishaba T** 2022 N/A 0
Kohara J* 2022 N/A 0
Nakatsutsumi 2020  N/A 0
K40

Odish MF*’ 2021  N/A 0
Paternoster 2022 0 N/A
G17

Pereira SL** 2021 0 0
Sekhon M* 2021 N/A 0
Takahashi S 2023 N/A 0
Thiara APS* 2009 N/A 1
Umlauf J** 2022 N/A 0
Unold J*° 2021 1 N/A

patients receiving

that colleagues generally consider ECMO implementa-
tion to allow ultraprotective and/or very low-pressure
ventilation, while in almost half of the reported cases
an “ECMO without invasive ventilation” approach
was selected (Figure 2). Our data mirror our original
hypothesis.

4.2 | Relationship to previous studies

Our scoping review aimed to systematically assess the
current practice on ECMO use for preventing barotrauma
occurrence or limiting its progression. Previous reviews
either investigated the effect of ECMO on survival, the
feasibility and safety of ECMO without invasive ven-
tilation, or the feasibility and safety of physiotherapy
on ECMOQ.>134346 Compared with these reviews, our
study focused on a very specific patient population. We

ECMO
weaning/LTx
achieved, no.

Need for intubation
for patients on
ECMO w/o IMV, no.

Longest
follow-up
mortality, no.

N/A
N/A
5
0
N/A
N/A

e =
o O © wm = o

N/A
N/A
N/A
N/A
N/A
N/A
N/A

e e
o O O o o o o

4 N/A

w
—_
N O

N/A
N/A
N/A
0
0

e e = S N
o O o ©o o o

Abbreviations: ECMO, extracorporeal membrane oxygenation; IMV, invasive mechanical ventilation; LTx, lung transplantation; N/A, not available.
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FIGURE 2 Visual abstract presenting main article structure, objective, research methodology, and results.

found a greater rate of successful weaning from ECMO
and survival than the one reported for the general ARDS
population on ECMO,’ as well as for ARDS patients with
barotrauma.” However, this is likely explained by the
fact that studies included in our review present data of a
highly selected population treated in experienced centers.
Furthermore, studies reporting unsuccessful outcomes
are less likely to be published. Nevertheless, we cannot
exclude that the low mortality rate observed in our study
may at least in part be related to the efficacy of the inves-
tigated strategy. Notably, our rate of awake ECMO failure
is in line with what has already been reported in the pub-
lished literature for patients with ARDS."*

Previous randomized controlled trials comparing ul-
traprotective ventilation with standard protective ventila-
tion strategies in patients with extracorporeal support did
not report data on barotrauma,*”*® or found no difference
in its occurrence rate between ultraprotective and stan-
dard protective ventilation.* Compared with these stud-
ies, our review focused on patients with or at high risk for
barotrauma, therefore focusing on a highly selected popu-
lation representing 5 to 15% of patients generally enrolled
in ARDS trials.>® Furthermore, a relevant proportion of
our patients were COVID-19 patients, who are considered
to be at higher risk for barotrauma as compared with non-
COVID-19 ARDS patients.>**!

Previous systematic reviews on the management of
air leaks during mechanical ventilation confirmed that
the general approach of critical care clinicians includes

ventilation strategies aimed at reducing airway pres-
sures, a finding also confirmed by our study.* Compared
with these studies, which only briefly mentioned the
possibility of using ECMO, we specifically focused on
the possibility of ECMO implantation to facilitate either
ultraprotective invasive ventilation with very low airway
pressure or avoidance of positive pressure ventilation at
all.

4.3 | Implication of study findings

Our study provides baseline data on the current practice
and patient outcomes on use of ECMO to prevent baro-
trauma development and progression in patients with
respiratory failure. Our data suggest that ECMO implan-
tation in this setting is feasible and potentially associated
with good outcomes. Our data showed that the general ap-
proach of clinicians is to implant ECMO in order to allow
for ultraprotective and/or low-pressure ventilation. Both
results are in line with our original hypothesis. Notably,
in about half of the reported cases, clinicians chose to
avoid invasive ventilation at all while on ECMO, sug-
gesting that some colleagues begin to consider this as a
viable alternative approach to ultraprotective ventilation.
In one additional case report, the patient was extubated
while on ECMO.* These strategies were generally asso-
ciated with either avoidance of barotrauma progression
or development in retrieved studies. Only one before/
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after retrospective study compared an “ECMO-first” to an
“invasive ventilation first” approach for COVID-19 ARDS
patients with barotrauma and found that the “ECMO first”
approach might be associated with improved survival.*!
Notably, in this study, all patients requiring escalation of
support died, confirming the high mortality associated
with barotrauma development and/or failure of awake
ECMO in ARDS patients.>"?

One additional study used a well-known radiological
sign (the Macklin-like radiological sign or Macklin effect)
to identify patients with severe COVID-19 ARDS at high-
risk for barotrauma and candidate these patients to the
“ECMO first” approach while avoiding invasive ventila-
tion.'” The Macklin effect has been associated with a very
high risk of the development of barotrauma in COVID-19
ARDS patients,”*® and some authors suggested applying
ECMO without invasive ventilation to prevent barotrauma
in these high-risk patients,'>!” either using an “ECMO
first” approach or extubating patients while on ECMO.”’

The use of ECMO without invasive ventilation is a
well-established practice in patients awaiting lung trans-
plantation,'>*® and became increasingly popular also for
adult and pediatric patients with COVID-19."*°*% The
principal advantages of awake ECMO include prevention
of issues associated with sedation and immobilization,
improved communication with relatives and staff, and
avoidance of complications related to invasive ventilation
such as ventilator-associated pneumonia.'**>**%! ‘The
present study offers preliminary evidence to support the
hypothesis that awake ECMO may also be effective in
the treatment or prevention of barotrauma, ‘supporting
the hypotheses of some authors.'*"”%2

It is noteworthy that some authors have also reported
the complete avoidance of ventilation while on ECMO
to prevent ventilation-associated lung injury in patients
with such severely depressed lung compliance that even
ultraprotective ventilation becomes unfeasible.®® This ap-
proach may prove an interesting alternative for the man-
agement of such extreme conditions.

Of note, most of the studies included in our review
focused on COVID-19 patients. The pathophysiology
of COVID-19 ARDS 'is different from non-COVID-19
ARDS,*®" and therefore our results may not apply to
non-COVID-19 patients.

Collectively, our data suggested that the use of ECMO
to prevent or limit barotrauma progression may indeed
warrant further investigations, and we provide some base-
line data to plan future studies. In particular, our study
highlighted that “awake” ECMO without invasive venti-
lation is a relatively common approach in this setting, the
other being ECMO alongside ultraprotective ventilation.
Future studies should compare these strategies with cur-
rent standard care to assess feasibility, safety, and efficacy

on a wider scale of each approach and investigate different
populations.

4.4 | Study limitations

Our study has some limitations. The limited number of
patients enrolled contributes to the heterogeneity of the
findings; hence, our investigation needs to be considered
hypothesis-generating only. However, this remains the
largest review on the topic available to date.

The fact that the majority of included investigations are
in the form of case reports underscores that, at present, the
use of ECMO for barotrauma prevention remains anec-
dotal. However, management of an air leak in the context
of severe respiratory failure is challenging, and very few
data are available to guide its therapeutic management.

Most studies investigated patients with COVID-19
ARDS; therefore, our findings may not be generalized to
reflect other populations of critically ill patients.

Only one study included a control group undergoing in-
vasive ventilation without ECMO; therefore, there is very
limited data on direct comparison with other approaches.

5. ] CONCLUSIONS

In this scoping review, we found that ECMO implantation
to prevent or limit barotrauma progression in patients
with respiratory failure is feasible and may be associated
with good patient outcomes. However, available data re-
main sparse and mostly limited to individual case reports
and COVID-19 ARDS patients. The most commonly used
approaches are ECMO without invasive ventilation or
ECMO with ultraprotective invasive ventilation.

AUTHOR CONTRIBUTIONS

Alessandro Belletti: Conceptualization, Methodology,
Investigation, Data curation, Formal analysis, and
Writing—Original Draft. Jacopo D’Andria Ursoleo:
Conceptualization, Methodology, Investigation, Data
curation, Formal analysis, and Writing—Original Draft.
Enrica Piazza: Resources, Methodology, Data cura-
tion, and Writing—Review and Editing. Edoardo
Mongardini: Resources, Methodology, Data cura-
tion, and Writing—Review and Editing. Gianluca
Paternoster: Investigation, Data curation, and Writing—
Review and Editing. Fabio Guarracino: Investigation,
Data curation and Writing—Review and Editing. Diego
Palumbo: Investigation, Data curation, and Writing —
Review and Editing. Giacomo Monti: Conceptualization,
Methodology, Resources, and Writing—Review and
Editing. Marilena Marmiere: Resources, Methodology,



ECMO FOR BAROTRAUMA PREVENTION

Artificial

Data curation, and Writing—Review and Editing. Maria
Grazia Calabro: Validation, Supervision, Methodology,
and Writing—Review and Editing. Giovanni Landoni:
Validation, Supervision, Methodology, and Writing—
Original Draft. Alberto Zangrillo: Validation,
Supervision, Methodology, and Writing—Review and
Editing.

ACKNOWLEDGMENTS
None.

FUNDING INFORMATION

The study was supported by European Union through
the PNRR (“Piano Nazionale di Resistenza e Resilienza”)
plan of the Italian Ministry of Health (Grant no.
PNRR-MAD-2022-12376796).

CONFLICT OF INTEREST STATEMENT
None.

DATA AVAILABILITY STATEMENT
Further information is available from the corresponding
author upon reasonable request.

ETHICS APPROVAL AND CONSENT TO
PARTICIPATE

Not applicable.

ORCID

Alessandro Belletti © https://orcid.
org/0000-0003-3131-0565

Jacopo D’Andria Ursoleo (© https://orcid.
org/0000-0002-6313-9160

Giovanni Landoni (© https://orcid.

org/0000-0002-8594-5980

TWITTER

Alessandro Belletti W alebellettil
Jacopo D’Andria Ursoleo % JDAndriaUrsoleo
Enrica Piazza W enricapiazza

Edoardo Mongardini Yy e_mongardini
Gianluca Paternoster W paternoster_g
Fabio Guarracino ¥ fabiodoc64

Diego Palumbo W DiegoPalumbo89
Giacomo Monti ¥ GiacomoMonti
Marilena Marmiere ® MMarmiere
Maria Grazia Calabro W mgcalabroMD
Giovanni Landoni ™ giovannilandoni
Alberto Zangrillo W azangrillo

REFERENCES

1. Toannidis G, Lazaridis G, Baka S, Mpoukovinas I, Karavasilis V,
Lampaki S, et al. Barotrauma and pneumothorax. J Thorac Dis.

10.

11.

12.

13.

11
Organs _W ILEY

2015;7(Suppl 1):S38-S43. https://doi.org/10.3978/J.ISSN.2072-
1439.2015.01.31
Belletti A, Todaro G, Valsecchi G, Losiggio R, Palumbo D,
Landoni G, et al. Barotrauma in coronavirus disease 2019 pa-
tients undergoing invasive mechanical ventilation: a systematic
literature review. Crit Care Med. 2022;50(3):491-500. https://
doi.org/10.1097/CCM.0000000000005283

Anzueto A, Frutos-Vivar F, Esteban A, Alia I, Brochard L,
Stewart T, et al. Incidence, risk factors and outcome of baro-
trauma in mechanically ventilated patients. Intensive Care Med.
2004;30(4):612-9. https://doi.org/10.1007/s00134-004-2187-7
Grotberg JC, Hyzy RC, De Cardenas J, Co IN. Bronchopleural
fistula in the mechanically ventilated patient: a concise review.
Crit Care Med. 2021;49(2):292-301. https://doi.org/10.1097/
CCM.0000000000004771

Slade M. Management of pneumothorax and prolonged air
leak. Semin Respir Crit Care Med. 2014;35(6):706-14. https://
doi.org/10.1055/s-0034-1395502

Cobilinschi C, Cotae AM, Ungureanu R, Tincu R, Grintescu
IM, Mirea L. Ventilation in critically ill obese patients—why
it should be done differently? Signa Vitae. 2023;19(5):23-8.
https://doi.org/10.22514/sv.2022.076

Supady A, Combes A, Barbaro RP, Camporota L, Diaz R, Fan E,
et al. Respiratory indications for ECMO: focus on COVID-19.
Intensive Care Med. 2022;48(10):1326-37. https://doi.org/10.
1007/S00134-022-06815-W

Tonna JE, Abrams D, Brodie D, Greenwood JC, RUBIO Mateo-
SidronJA, Usman A, et al. Management of adult patients sup-
ported with venovenous extracorporeal membrane oxygenation
(VV ECMO): guideline from the extracorporeal life support or-
ganization (ELSO). ASAIO J. 2021;67(6):601-10. https://doi.
org/10.1097/MAT.0000000000001432

Combes A, Peek GJ, Hajage D, Hardy P, Abrams D,
Schmidt M, et al. ECMO for severe ARDS: systematic re-
view and individual patient data meta-analysis. Intensive
Care Med. 2020;46(11):2048-57. https://doi.org/10.1007/
S00134-020-06248-3

Grasselli G, Calfee CS, Camporota L, Poole D, Amato MBP,
Antonelli M, et al. ESICM guidelines on acute respiratory dis-
tress syndrome: definition, phenotyping and respiratory sup-
port strategies. Intensive Care Med. 2023;49(7):727-59. https://
doi.org/10.1007/S00134-023-07050-7

Yang Y, Wang X, Huang J, Lu X, Xiao Z. Extracorporeal mem-
brane oxygenation for refractory septic shock in children.
Signa Vitae. 2024;20(5):1-7. https://doi.org/10.22514/sv.
2024.051

Serpa Neto A, Schmidt M, Azevedo LCP, Bein T, Brochard L,
Beutel G, et al. Associations between ventilator settings during
extracorporeal membrane oxygenation for refractory hypoxemia
and outcomein patientswithacuterespiratorydistresssyndrome:
a pooled individual patient data analysis: mechanical ventila-
tion during ECMO. Intensive Care Med. 2016;42(11):1672-84.
https://doi.org/10.1007/S00134-016-4507-0

Belletti A, Sofia R, Cicero P, Nardelli P, Franco A, Calabro MG,
et al. Extracorporeal membrane oxygenation without invasive
ventilation for respiratory failure in adults: a systematic review.
Crit Care Med. 2023;51(12):1790-801. https://doi.org/10.1097/
CCM.0000000000006027

Langer T, Santini A, Bottino N, Crotti S, Batchinsky AI, Pesenti
A, et al. “Awake” extracorporeal membrane oxygenation


https://orcid.org/0000-0003-3131-0565
https://orcid.org/0000-0003-3131-0565
https://orcid.org/0000-0003-3131-0565
https://orcid.org/0000-0002-6313-9160
https://orcid.org/0000-0002-6313-9160
https://orcid.org/0000-0002-6313-9160
https://orcid.org/0000-0002-8594-5980
https://orcid.org/0000-0002-8594-5980
https://orcid.org/0000-0002-8594-5980
https://www.twitter.com/alebelletti1
https://www.twitter.com/JDAndriaUrsoleo
https://www.twitter.com/enricapiazza
https://www.twitter.com/e_mongardini
https://www.twitter.com/paternoster_g
https://www.twitter.com/fabiodoc64
https://www.twitter.com/DiegoPalumbo89
https://www.twitter.com/GiacomoMonti
https://www.twitter.com/MMarmiere
https://www.twitter.com/mgcalabroMD
https://www.twitter.com/giovannilandoni
https://www.twitter.com/azangrillo
https://doi.org/10.3978/J.ISSN.2072-1439.2015.01.31
https://doi.org/10.3978/J.ISSN.2072-1439.2015.01.31
https://doi.org/10.1097/CCM.0000000000005283
https://doi.org/10.1097/CCM.0000000000005283
https://doi.org/10.1007/s00134-004-2187-7
https://doi.org/10.1097/CCM.0000000000004771
https://doi.org/10.1097/CCM.0000000000004771
https://doi.org/10.1055/s-0034-1395502
https://doi.org/10.1055/s-0034-1395502
https://doi.org/10.22514/sv.2022.076
https://doi.org/10.1007/S00134-022-06815-W
https://doi.org/10.1007/S00134-022-06815-W
https://doi.org/10.1097/MAT.0000000000001432
https://doi.org/10.1097/MAT.0000000000001432
https://doi.org/10.1007/S00134-020-06248-3
https://doi.org/10.1007/S00134-020-06248-3
https://doi.org/10.1007/S00134-023-07050-7
https://doi.org/10.1007/S00134-023-07050-7
https://doi.org/10.22514/sv.2024.051
https://doi.org/10.22514/sv.2024.051
https://doi.org/10.1007/S00134-016-4507-0
https://doi.org/10.1097/CCM.0000000000006027
https://doi.org/10.1097/CCM.0000000000006027

il—Wl LEY-

15.

16.

17.

18.

19.

20.
21.
22.

23.

24.
25.

26.

27.

Artificial

ECMO FOR BAROTRAUMA PREVENTION

Organs

(ECMO): pathophysiology, technical considerations, and clin-
ical pioneering. Crit Care. 2016;20(1):150. https://doi.org/10.
1186/s13054-016-1329-y

Angelini M, Belletti A, Landoni G, Zangrillo A, De Cobelli F,
Palumbo D. Macklin effect: from pathophysiology to clinical
implication. J Cardiothorac Vasc Anesth. 2024;38(4):881-3.
https://doi.org/10.1053/J.JVCA.2023.12.025

Azzam MH, Mufti HN, Bahaudden H, Ragab AZ, Othman MM,
Tashkandi WA. Awake extracorporeal membrane oxygenation
in coronavirus disease 2019 patients without invasive mechan-
ical ventilation. Crit Care Explor. 2021;3(6):e0454. https://doi.
0rg/10.1097/CCE.0000000000000454

Paternoster G, Bertini P, Belletti A, Landoni G, Gallotta S,
Palumbo D, et al. Venovenous extracorporeal membrane ox-
ygenation in awake non-intubated patients with COVID-19
ARDS at high risk for barotrauma. J Cardiothorac Vasc Anesth.
2022;36(8 Pt B):2975-82. https://doi.org/10.1053/J.JVCA.2022.
03.011

Tricco AC, Lillie E, Zarin W, O'Brien KK, Colquhoun H, Levac
D, et al. PRISMA extension for scoping reviews (PRISMA-ScR):
checklist and explanation. Ann Intern Med. 2018;169(7):467—
73. https://doi.org/10.7326/M18-0850

Ouzzani M, Hammady H, Fedorowicz Z, Elmagarmid A.
Rayyan-a web and mobile app for systematic reviews. Syst Rev.
2016;5(1):210. https://doi.org/10.1186/S13643-016-0384-4
Sterne JA, Herndn MA, Reeves BC, Savovi¢ J, Berkman ND,
Viswanathan M, et al. ROBINS-I: a tool for assessing risk
of bias in non-randomised studies of interventions. BMJ.
2016;355:i4919. https://doi.org/10.1136/bmj.i4919

Higgins JPT, Morgan RL, Rooney AA, Taylor KW, Thayer KA,
Silva RA, et al. A tool to assess risk of bias in non-randomized
follow-up studies of exposure effects (ROBINS-E). Environ Int.
2024;186:108602. https://doi.org/10.1016/j.envint.2024.108602
Grant AA, Lineen EB, Klima A, Vianna R, Loebe M, Ghodsizad
A. Refractory traumatic bronchopleural fistula: is extracorpo-
real membrane oxygenation the new gold standard? J Card
Surg. 2020;35(1):242-5. https://doi.org/10.1111/JOCS.14298
Takahashi S, Obata N, Makino S, Furushima N, Nishimura T,
Mizobuchi S. A case of a highly obese Covid-19 patient with
severe hypoxemia and subcutaneous mediastinal emphysema
who was rescued by early introduction of ECMO. Kobe J Med
Sci. 2023;69(2):E49-E51.

Alqatari S, Riddell P, Harney S, Henry M, Murphy G. MDA-5
associated rapidly progressive interstitial lung disease with
recurrent Pneumothoraces: a case report. BMC Pulm Med.
2018;18(1):59. https://doi.org/10.1186/S12890-018-0622-8
Sekhon MS, Thiara S, Kanji HD, Ronco JJ. Spontaneous pneu-
momediastinum in COVID-19: the Macklin effect? Am J Respir
Crit Care Med. 2021;204(8):989-90. https://doi.org/10.1164/
RCCM.202105-1179IM

Thiara APS, Heyland V, Norum H, Aasmundstad TA, Karlsen
HM, Fiane AE, et al. Extracorporeal membrane oxygenation
support for 59 days without changing the ECMO circuit: a case
of legionella pneumonia. Perfusion. 2009;24(1):45-7. https://
doi.org/10.1177/0267659109106297

Gu Q, Diao MY, Hu W, Huang M, Zhu Y. Case report: extra-
corporeal membrane Oxgenation for rapidly progressive in-
terstitial lung disease associated with clinically Amyopathic
Dermatomyositis in a post-partum woman. Front Med.
2021;8:742823. https://doi.org/10.3389/FMED.2021.742823

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Barnacle J, Gurney S, Ledot S, Singh S. Leptospirosis as
an important differential of pulmonary haemorrhage on
the intensive care unit: a case managed with VV-ECMO.
J Intensive Care. 2020;8(1):31. https://doi.org/10.1186/
S40560-020-00447-2

El-Battrawy I, Frambach D, Behnes M, et al. Subcutaneous cer-[f}
vical and left thoracic emphysema in a 49-year-old woman on
ventilation. Internist (Berl). 2015;56(12):1439-44. https://doi.
org/10.1007/S00108-015-3823-8

Unold J, Marshal B, Sonuyi T. Early extracorporeal membrane
oxygenation in COVID-19 with bullous lung disease on me-
chanical ventilation: a case report. Clin Pract Cases Emerg Med.
2021;5(4):425-8. https://doi.org/10.5811/CPCEM.2021.6.52898
Attou R, Redant S, Velissaris D, Kefer K, Abou Lebdeh M,
Waterplas E, et al. Extracorporeal membrane oxygenation ver-
sus invasive ventilation in patients with COVID-19 acute respi-
ratory distress syndrome and pneumomediastinum: a cohort
trial. Artif Organs. 2024;48:1038-48. https://doi.org/10.1111/
AOR.14760

Pereira SL, Branco E, Faustino AS, Figueiredo P, Sarmento A,
Santos L. Extra corporeal membrane oxygenation in the treat-
ment of human immunodeficiency virus-related P. Jirovecii
pneumonia. Infect Dis Rep. 2021;13(4):1009-17. https://doi.
org/10.3390/IDR13040092

Golino G, Forin E, Boni E, Martin M, Perbellini G, Rizzello V,
et al. Secondary pneumomediastinum in COVID-19 patient:
a case managed with VV-ECMO. IDCases. 2024;36:¢01956.
https://doi.org/10.1016/J.IDCR.2024.E01956

Umlauf J, Eilenberger S, Spring O. Successful treatment of a
patient with COVID-19-induced severe ARDS, pneumothorax,
and pneumomediastinum with awake VV-ECMO implanta-
tion. Case Reports Crit Care. 2022;2022:6559385. https://doi.
org/10.1155/2022/6559385

Kohara J, Kai S, Hashimoto K, Takatani Y, Tanabe N, Hamada
S, et al. Successful lung-protective ventilatory management
during the VV-ECMO in a severe COVID-19 pneumonia pa-
tient with extensive pneumomediastinum and subcutane-
ous emphysema: a case report. JA Clin Reports. 2022;8(1):12.
https://doi.org/10.1186/S40981-022-00505-8

Ali HS, Hassan IF, George S. Extra corporeal membrane oxy-
genation to facilitate lung protective ventilation and prevent
ventilator-induced lung injury in severe pneumocystis pneu-
monia with pneumomediastinum: a case report and short lit-
erature review. BMC Pulm Med. 2016;16(1):52. https://doi.org/
10.1186/S12890-016-0214-4

Odish MF, Yang J, Cheng G, Yi C, Golts E, Madani M, et al.
Treatment of Bronchopleural and Alveolopleural fistulas in
acute respiratory distress syndrome with extracorporeal mem-
brane oxygenation, a case series and literature review. Crit Care
Explor. 2021;3(5):E0393. https://doi.org/10.1097/CCE.00000
00000000393

Kishaba T, Suzuki T, Yamazato S, Miyagi T, Nagano H. Lung
rest with femoro-femoral veno-venous extracorporeal mem-
brane oxygenation for COVID-19 severe pneumonia with
pneumomediastinum. Tohoku J Exp Med. 2022;256(2):127-30.
https://doi.org/10.1620/TJEM.256.127

Huang G, Zhou L, Yang N, Wu P, Mo X. Extracorporeal mem-
brane oxygenation rescue for severe pneumocystis pneumo-
nia with the Macklin effect: a case report. BMC Infect Dis.
2022;22(1):577. https://doi.org/10.1186/S12879-022-07550-9


https://doi.org/10.1186/s13054-016-1329-y
https://doi.org/10.1186/s13054-016-1329-y
https://doi.org/10.1053/J.JVCA.2023.12.025
https://doi.org/10.1097/CCE.0000000000000454
https://doi.org/10.1097/CCE.0000000000000454
https://doi.org/10.1053/J.JVCA.2022.03.011
https://doi.org/10.1053/J.JVCA.2022.03.011
https://doi.org/10.7326/M18-0850
https://doi.org/10.1186/S13643-016-0384-4
https://doi.org/10.1136/bmj.i4919
https://doi.org/10.1016/j.envint.2024.108602
https://doi.org/10.1111/JOCS.14298
https://doi.org/10.1186/S12890-018-0622-8
https://doi.org/10.1164/RCCM.202105-1179IM
https://doi.org/10.1164/RCCM.202105-1179IM
https://doi.org/10.1177/0267659109106297
https://doi.org/10.1177/0267659109106297
https://doi.org/10.3389/FMED.2021.742823
https://doi.org/10.1186/S40560-020-00447-2
https://doi.org/10.1186/S40560-020-00447-2
https://doi.org/10.1007/S00108-015-3823-8
https://doi.org/10.1007/S00108-015-3823-8
https://doi.org/10.5811/CPCEM.2021.6.52898
https://doi.org/10.1111/AOR.14760
https://doi.org/10.1111/AOR.14760
https://doi.org/10.3390/IDR13040092
https://doi.org/10.3390/IDR13040092
https://doi.org/10.1016/J.IDCR.2024.E01956
https://doi.org/10.1155/2022/6559385
https://doi.org/10.1155/2022/6559385
https://doi.org/10.1186/S40981-022-00505-8
https://doi.org/10.1186/S12890-016-0214-4
https://doi.org/10.1186/S12890-016-0214-4
https://doi.org/10.1097/CCE.0000000000000393
https://doi.org/10.1097/CCE.0000000000000393
https://doi.org/10.1620/TJEM.256.127
https://doi.org/10.1186/S12879-022-07550-9

ECMO FOR BAROTRAUMA PREVENTION

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Nakatsutsumi K, Sekiya K, Urushibata N, Hosoi M, Arai H,
Nagaoka E, et al. A successful case of extracorporeal membrane
oxygenation treatment for intractable pneumothorax in a pa-
tient with COVID-19. Acute Med Surg. 2020;7(1):e612. https://
doi.org/10.1002/AMS2.612

Grant AA, Hart VJ, Lineen EB, Badiye A, Byers PM, Patel A,
et al. A weaning protocol for Venovenous extracorporeal mem-
brane oxygenation with a review of the literature. Artif Organs.
2018;42(6):605-10. https://doi.org/10.1111/AOR.13087

Grant AA, Hart VJ, Lineen EB, Lai C, Ginzburg E, Houghton
D, et al. The impact of an advanced ECMO program on trau-
matically injured patients. Artif Organs. 2018;42(11):1043-51.
https://doi.org/10.1111/AOR.13152

Murayama S, Gibo S. Spontaneous pneumomediastinum and
Macklin effect: overview and appearance on computed tomog-
raphy. World J Radiol. 2014;6(11):850-4. https://doi.org/10.
4329/wjr.v6.i11.850

Belletti A, Pallanch O, Bonizzoni MA, Guidi L, de Cobelli
F, Landoni G, et al. Clinical use of Macklin-like radiologi-
cal sign (Macklin effect): a systematic review. Respir Med.
2023;210:107178. https://doi.org/10.1016/J.RMED.2023.107178
Cucchi M, Mariani S, De Piero ME, Ravaux JM, Kawczynski
M]J, Di Mauro M, et al. Awake extracorporeal life support and
physiotherapy in adult patients: a systematic review of the lit-
erature. Perfusion. 2023;38(5):939-58. https://doi.org/10.1177/
02676591221096078

Hayes K, Hodgson CL, Webb MJ, Romero L, Holland AE.
Rehabilitation of adult patients on extracorporeal membrane
oxygenation: a scoping review. Aust Crit Care. 2022;35(5):575—
82. https://doi.org/10.1016/j.aucc.2021.08.009

McNamee JJ, Gillies MA, Barrett NA, Perkins GD, Tunnicliffe
W, Young D, et al. Effect of lower tidal volume ventilation fa-
cilitated by extracorporeal carbon dioxide removal vs standard
care ventilation on 90-day mortality in patients with acute hy-
poxemic respiratory failure: the REST randomized clinical trial.
JAMA. 2021;326(11):1013-23. https://doi.org/10.1001/JAMA.
2021.13374

Rozencwajg S, Guihot A, Franchineau G, Lescroat M, Bréchot
N, Hékimian G, et al. Ultra-protective ventilation reduces bio-
trauma in patients on Venovenous extracorporeal membrane
oxygenation for severe acute respiratory distress syndrome*.
Crit Care Med. 2019;47(11):1505-12. https://doi.org/10.1097/
CCM.0000000000003894

Guervilly C, Fournier T, Chommeloux J, Arnaud L, Pinglis
C, Baumstarck K, et al. Ultra-lung-protective ventilation and
biotrauma in severe ARDS patients on veno-venous extra-
corporeal membrane oxygenation: a randomized controlled
study. Crit Care. 2022;26(1):383. https://doi.org/10.1186/
$13054-022-04272-x

Shrestha DB, Sedhai YR, Budhathoki P, Adhikari A, Pokharel N,
Dhakal R, et al. Pulmonary barotrauma in COVID-19: a system-
atic review and meta-analysis. Ann Med Surg. 2022;73:103221.
https://doi.org/10.1016/J.AMSU.2021.103221

Knox DB, Brunhoeber A, Peltan ID, Brown SM, Lanspa MIJ.
Comparison of radiographic pneumothorax and pneumome-
diastinum in COVID-19 vs. non-COVID-19 acute respiratory
distress syndrome. Intensive Care Med. 2022;48(11):1648-51.
https://doi.org/10.1007/S00134-022-06816-9

Belletti A, Palumbo D, Zangrillo A, Fominskiy EV, Franchini
S, DellAcqua A, et al. Predictors of pneumothorax/

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

v 13
Artificial “WILEY

Organs

pneumomediastinum in mechanically ventilated COVID-19
patients. J Cardiothorac Vasc Anesth. 2021;35(12):3642-51.
https://doi.org/10.1053/j.jvca.2021.02.008

Paternoster G, Belmonte G, Scarano E, Rotondo P, Palumbo
D, Belletti A, et al. Macklin effect on baseline chest CT scan
accurately predicts barotrauma in COVID-19 patients. Respir
Med. 2022;197:106853. https://doi.org/10.1016/J.RMED.2022.
106853

Casadiego Monachello FJ, de la Torre Terron MC, Mendez
Barraza JA, Casals VS. Macklin effect as an early radiological
predictor of barotrauma in ARDS COVID-19 patients in inva-
sive mechanical ventilation. Med Intensiva. 2023;47(4):235-6.
https://doi.org/10.1016/J. MEDINE.2022.09.005

Maccarrone V, Liou C, D'souza B, Salvatore MM, Leb J, Belletti
A, et al. The Macklin effect closely correlates with pneumome-
diastinum in acutely ill intubated patients with COVID-19 in-
fection. Clin Imaging. 2023;97:50-4. https://doi.org/10.1016/J.
CLINIMAG.2023.03.003

Palumbo D, Zangrillo A, Belletti A, Guazzarotti G, Calvi MR,
Guzzo F, et al. A radiological predictor for pneumomediasti-
num/pneumothorax in COVID-19 ARDS patients. J Crit Care.
2021;66:14-9. https://doi.org/10.1016/j.jcrc.2021.07.022
Murselovié T, Beri¢ S, Makovsek A. Pitfalls of difficult extuba-
tion in the ICU; when is the right time to extubate a patient?
Signa Vitae. 2024;20(2):22-6. https://doi.org/10.22514/sv.2024.
015

Loor G, Chatterjee S, Shafii A. Extracorporeal membrane oxy-
genation support before lung transplant: a bridge over troubled
water. JTCVS Open. 2021;8:147-54. https://doi.org/10.1016/J.
XJON.2021.10.011

Gurnani PK, Michalak LA, Tabachnick D, Kotwas M, Tatooles
AJ. Outcomes of Extubated COVID and non-COVID patients
receiving awake Venovenous extracorporeal membrane oxy-
genation. ASAIO J. 2022;68(4):478-85. https://doi.org/10.1097/
MAT.0000000000001632

Kilgallon KB, Leroue M, Shankman S, et al. Extubated,
rehabilitation-focused extracorporeal membrane oxygenationkd
for pediatric coronavirus disease 2019: a case series. ASAIO J.
2024. https://doi.org/10.1097/MAT.0000000000002281
Hodgson CL, Hayes K, Linnane M, et al. Early mobilisation g
during extracorporeal membrane oxygenation was safe and fea-
sible: a pilot randomised controlled trial. Intensive Care Med.
2020;46(5):1057-9. https://doi.org/10.1007/S00134-020-05994-8
Belletti A, Palumbo D, De Bonis M, Landoni G, Zangrillo A.n
The role of Macklin effect in management of ARDS: beyond
spontaneous pneumomediastinum. Signa Vitae; 2024.

Swol J, Fiilling Y, Ull C, Bechtel M, Schildhauer TA. 48 h ces-
sation of mechanical ventilation during venovenous extracor-
poreal membrane oxygenation in severe trauma: a case report.
J Artif Organs. 2017;20(3):280-4. https://doi.org/10.1007/
$10047-017-0949-6

Gattinoni L, Chiumello D, Rossi S. COVID-19 pneumonia:
ARDS or not? Crit Care. 2020;24(1):156. https://doi.org/10.
1186/513054-020-02880-z

Gattarello S, Camporota L, Gattinoni L. COVID-19 pneumonia:
therapeutic implications of its atypical features. Anaesth Crit
Care Pain Med. 2023;42(1):101182. https://doi.org/10.1016/J.
ACCPM.2022.101182

Velati M, D'Albo R, Brusatori S, et al. Pathophysiology of] n
COVID-19 pneumonia and respiratory treatment. Minerva


https://doi.org/10.1002/AMS2.612
https://doi.org/10.1002/AMS2.612
https://doi.org/10.1111/AOR.13087
https://doi.org/10.1111/AOR.13152
https://doi.org/10.4329/wjr.v6.i11.850
https://doi.org/10.4329/wjr.v6.i11.850
https://doi.org/10.1016/J.RMED.2023.107178
https://doi.org/10.1177/02676591221096078
https://doi.org/10.1177/02676591221096078
https://doi.org/10.1016/j.aucc.2021.08.009
https://doi.org/10.1001/JAMA.2021.13374
https://doi.org/10.1001/JAMA.2021.13374
https://doi.org/10.1097/CCM.0000000000003894
https://doi.org/10.1097/CCM.0000000000003894
https://doi.org/10.1186/s13054-022-04272-x
https://doi.org/10.1186/s13054-022-04272-x
https://doi.org/10.1016/J.AMSU.2021.103221
https://doi.org/10.1007/S00134-022-06816-9
https://doi.org/10.1053/j.jvca.2021.02.008
https://doi.org/10.1016/J.RMED.2022.106853
https://doi.org/10.1016/J.RMED.2022.106853
https://doi.org/10.1016/J.MEDINE.2022.09.005
https://doi.org/10.1016/J.CLINIMAG.2023.03.003
https://doi.org/10.1016/J.CLINIMAG.2023.03.003
https://doi.org/10.1016/j.jcrc.2021.07.022
https://doi.org/10.22514/sv.2024.015
https://doi.org/10.22514/sv.2024.015
https://doi.org/10.1016/J.XJON.2021.10.011
https://doi.org/10.1016/J.XJON.2021.10.011
https://doi.org/10.1097/MAT.0000000000001632
https://doi.org/10.1097/MAT.0000000000001632
https://doi.org/10.1097/MAT.0000000000002281
https://doi.org/10.1007/S00134-020-05994-8
https://doi.org/10.1007/S10047-017-0949-6
https://doi.org/10.1007/S10047-017-0949-6
https://doi.org/10.1186/s13054-020-02880-z
https://doi.org/10.1186/s13054-020-02880-z
https://doi.org/10.1016/J.ACCPM.2022.101182
https://doi.org/10.1016/J.ACCPM.2022.101182

iI_Wl L EY_ Organs

67.

Artificial

ECMO FOR BAROTRAUMA PREVENTION

Anestesiol. 2023;89(6):577-85. https://doi.org/10.23736/S0375-
9393.23.17188-4

Grasselli G, Tonetti T, Protti A, Langer T, Girardis M, Bellani G,
et al. Pathophysiology of COVID-19-associated acute respira-
tory distress syndrome: a multicentre prospective observational
study. Lancet Respir Med. 2020;8(12):1201-8. https://doi.org/
10.1016/S2213-2600(20)30370-2

SUPPORTING INFORMATION
Additional supporting information can be found online in
the Supporting Information section at the end of this article.

How to cite this article: Belletti A, D’Andria
Ursoleo J, Piazza E, Mongardini E, Paternoster G,
Guarracino F, et al. Extracorporeal membrane
oxygenation for prevention of barotrauma in
patients with respiratory failure: A scoping review.
Artif. Organs. 2024;00:1-14. https://doi.
org/10.1111/a0r.14864



https://doi.org/10.23736/S0375-9393.23.17188-4
https://doi.org/10.23736/S0375-9393.23.17188-4
https://doi.org/10.1016/S2213-2600(20)30370-2
https://doi.org/10.1016/S2213-2600(20)30370-2
https://doi.org/10.1111/aor.14864
https://doi.org/10.1111/aor.14864

	Extracorporeal membrane oxygenation for prevention of barotrauma in patients with respiratory failure: A scoping review
	Abstract
	1|INTRODUCTION
	2|METHODS
	2.1|Search strategy
	2.2|Study selection
	2.2.1|Inclusion criteria
	2.2.2|Exclusion criteria

	2.3|Data extraction and quality assessment
	2.3.1|Risk of bias assessment

	2.4|Primary outcome
	2.5|Statistical analysis

	3|RESULTS
	3.1|Characteristics of the included studies
	3.2|Extracorporeal membrane oxygenation and mechanical ventilation settings
	3.3|Primary and secondary outcomes
	3.3.1|Barotrauma development in high-­risk patients
	3.3.2|Barotrauma progression in patients with barotrauma at the time of extracorporeal membrane oxygenation implantation
	3.3.3|Extracorporeal membrane oxygenation versus invasive ventilation
	3.3.4|Secondary outcomes


	4|DISCUSSION
	4.1|Key findings
	4.2|Relationship to previous studies
	4.3|Implication of study findings
	4.4|Study limitations

	5|CONCLUSIONS
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	ETHICS APPROVAL AND CONSENT TO PARTICIPATE
	REFERENCES


