
Cochrane
Library

 

Cochrane Database of Systematic Reviews

 
Early spontaneous breathing for acute respiratory distress
syndrome in individuals with COVID-19 (Review)

 

  Hohmann F, Wedekind L, Grundeis F, Dickel S, Frank J, Golinski M, Griesel M, Grimm C,
Herchenhahn C, Kramer A, Metzendorf MI, Moerer O, Olbrich N, Thieme V, Vieler A, Fichtner F,
Burns J, Laudi S

 

  Hohmann F, Wedekind L, Grundeis F, Dickel S, Frank J, Golinski M, Griesel M, Grimm C, Herchenhahn C, Kramer A, Metzendorf M-
I, Moerer O, Olbrich N, Thieme V, Vieler A, Fichtner F, Burns J, Laudi S. 
Early spontaneous breathing for acute respiratory distress syndrome in individuals with COVID-19. 
Cochrane Database of Systematic Reviews 2022, Issue 6. Art. No.: CD015077. 
DOI: 10.1002/14651858.CD015077.

 

  www.cochranelibrary.com  

Early spontaneous breathing for acute respiratory distress syndrome in individuals with COVID-19 (Review)
 

Copyright © 2022 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

https://doi.org/10.1002%2F14651858.CD015077
https://www.cochranelibrary.com


Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

T A B L E   O F   C O N T E N T S

ABSTRACT..................................................................................................................................................................................................... 1

PLAIN LANGUAGE SUMMARY....................................................................................................................................................................... 2

BACKGROUND.............................................................................................................................................................................................. 4

OBJECTIVES.................................................................................................................................................................................................. 5

METHODS..................................................................................................................................................................................................... 5

RESULTS........................................................................................................................................................................................................ 9

Figure 1.................................................................................................................................................................................................. 10

DISCUSSION.................................................................................................................................................................................................. 11

AUTHORS' CONCLUSIONS........................................................................................................................................................................... 12

ACKNOWLEDGEMENTS................................................................................................................................................................................ 13

REFERENCES................................................................................................................................................................................................ 14

CHARACTERISTICS OF STUDIES.................................................................................................................................................................. 21

APPENDICES................................................................................................................................................................................................. 27

CONTRIBUTIONS OF AUTHORS................................................................................................................................................................... 28

DECLARATIONS OF INTEREST..................................................................................................................................................................... 28

SOURCES OF SUPPORT............................................................................................................................................................................... 29

DIFFERENCES BETWEEN PROTOCOL AND REVIEW.................................................................................................................................... 29

INDEX TERMS............................................................................................................................................................................................... 30

Early spontaneous breathing for acute respiratory distress syndrome in individuals with COVID-19 (Review)

Copyright © 2022 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

i



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

[Intervention Review]

Early spontaneous breathing for acute respiratory distress syndrome in
individuals with COVID-19

Friedrich Hohmann1a, Lisa Wedekind1,2b, Felicitas Grundeis1, SteCen Dickel3, Johannes Frank1, Martin Golinski3, Mirko Griesel1,

Clemens Grimm3, Cindy Herchenhahn1, Andre Kramer1, Maria-Inti Metzendorf4, Onnen Moerer3, Nancy Olbrich1, Volker Thieme1, Astrid

Vieler5, Falk Fichtner1, Jacob Burns6c, Sven Laudi1d

1Department of Anaesthesiology and Intensive Care, University of Leipzig Medical Center, Leipzig, Germany. 2Institute of Medical

Statistics, Computer and Data Sciences, University Hospital Jena, Jena, Germany. 3Department of Anesthesiology and Intensive Care

Medicine, University Medical Center Goettingen, Goettingen, Germany. 4Institute of General Practice, Medical Faculty of the Heinrich-

Heine-University Düsseldorf, Düsseldorf, Germany. 5Medicine and Sciences Library, Leipzig University, Leipzig, Germany. 6Institute for
Medical Information Processing, Biometry and Epidemiology (IBE), Chair of Public Health and Health Services Research, LMU Munich,
Munich, Germany

acontributed equally (first author). bcontributed equally (first author). ccontributed equally (last author). dcontributed equally (last
author)

Contact: Jacob Burns, burns@ibe.med.uni-muenchen.de.

Editorial group: Cochrane Emergency and Critical Care Group.
Publication status and date: New, published in Issue 6, 2022.

Citation: Hohmann F, Wedekind L, Grundeis F, Dickel S, Frank J, Golinski M, Griesel M, Grimm C, Herchenhahn C, Kramer A,
Metzendorf M-I, Moerer O, Olbrich N, Thieme V, Vieler A, Fichtner F, Burns J, Laudi S. Early spontaneous breathing for acute respiratory
distress syndrome in individuals with COVID-19. Cochrane Database of Systematic Reviews 2022, Issue 6. Art. No.: CD015077. DOI:
10.1002/14651858.CD015077.

Copyright © 2022 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

A B S T R A C T

Background

Acute respiratory distress syndrome (ARDS) represents the most severe course of COVID-19 (caused by the SARS-CoV-2 virus), usually
resulting in a prolonged stay in an intensive care unit (ICU) and high mortality rates. Despite the fact that most aCected individuals need
invasive mechanical ventilation (IMV), evidence on specific ventilation strategies for ARDS caused by COVID-19 is scarce. Spontaneous
breathing during IMV is part of a therapeutic concept comprising light levels of sedation and the avoidance of neuromuscular blocking
agents (NMBA). This approach is potentially associated with both advantages (e.g. a preserved diaphragmatic motility and an optimised
ventilation-perfusion ratio of the ventilated lung), as well as risks (e.g. a higher rate of ventilator-induced lung injury or a worsening of
pulmonary oedema due to increases in transpulmonary pressure). As a consequence, spontaneous breathing in people with COVID-19-
ARDS who are receiving IMV is subject to an ongoing debate amongst intensivists.

Objectives

To assess the benefits and harms of early spontaneous breathing activity in invasively ventilated people with COVID-19 with ARDS
compared to ventilation strategies that avoid spontaneous breathing.

Search methods

We searched the Cochrane COVID-19 Study Register (which includes CENTRAL, PubMed, Embase, Clinical Trials.gov WHO ICTRP, and
medRxiv) and the WHO COVID-19 Global literature on coronavirus disease to identify completed and ongoing studies from their inception
to 2 March 2022.

Early spontaneous breathing for acute respiratory distress syndrome in individuals with COVID-19 (Review)

Copyright © 2022 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

1

mailto:burns@ibe.med.uni-muenchen.de
https://doi.org/10.1002%2F14651858.CD015077


Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Selection criteria

Eligible study designs comprised randomised controlled trials (RCTs) that evaluated spontaneous breathing in participants with COVID-19-
related ARDS compared to ventilation strategies that avoided spontaneous breathing (e.g. using NMBA or deep sedation levels).
Additionally, we considered controlled before-aLer studies, interrupted time series with comparison group, prospective cohort studies
and retrospective cohort studies. For these non-RCT studies, we considered a minimum total number of 50 participants to be compared as
necessary for inclusion. Prioritised outcomes were all-cause mortality, clinical improvement or worsening, quality of life, rate of (serious)
adverse events and rate of pneumothorax. Additional outcomes were need for tracheostomy, duration of ICU length of stay and duration
of hospitalisation.

Data collection and analysis

We followed the methods outlined in the Cochrane Handbook for Systematic Reviews of Interventions.

Two review authors independently screened all studies at the title/abstract and full-text screening stage. We also planned to conduct
data extraction and risk of bias assessment in duplicate. We planned to conduct meta-analysis for each prioritised outcome, as well as
subgroup analyses of mortality regarding severity of oxygenation impairment and duration of ARDS. In addition, we planned to perform
sensitivity analyses for studies at high risk of bias, studies using NMBA in addition to deep sedation level to avoid spontaneous breathing
and a comparison of preprints versus peer-reviewed articles. We planned to assess the certainty of evidence using the GRADE approach.

Main results

We identified no eligible studies for this review.

Authors' conclusions

We found no direct evidence on whether early spontaneous breathing in SARS-CoV-2-induced ARDS is beneficial or detrimental to this
particular group of patients.   RCTs comparing early spontaneous breathing with ventilatory strategies not allowing for spontaneous
breathing in SARS-CoV-2-induced ARDS are necessary to determine its value within the treatment of severely ill people with COVID-19.
Additionally, studies should aim to clarify whether treatment eCects diCer between people with SARS-CoV-2-induced ARDS and people
with non-SARS-CoV-2-induced ARDS.

P L A I N   L A N G U A G E   S U M M A R Y

Spontaneous breathing activity in COVID-19-related lung failure

Is early spontaneous breathing beneficial in the treatment of lung failure in individuals with COVID-19?

People with severe COVID-19 can present with lung failure, which is called acute respiratory distress syndrome (ARDS). This requires
invasive mechanical ventilation through a breathing tube. It is possible to allow breathing, triggered by the patient (called spontaneous
breathing), whilst being on a ventilator. However, it is unclear whether this is beneficial for such individuals, especially in the early phase
of ventilation.

Key messages

We found no evidence if spontaneous breathing is beneficial in the treatment of lung failure due to COVID-19.

What are the advantages of early spontaneous breathing in ARDS?

The advantage of spontaneous breathing during mechanical ventilation is the preserved movement of the diaphragm (the major muscle
for breathing located under the lungs). It leads to better distribution of the inhaled air, especially in the pulmonary alveoli (small air sacs
within the lungs) close to the diaphragm. In general, ventilation procedures with possible spontaneous breathing require lower doses of
sedatives (which slow down brain activity). Since these can cause low blood pressure, it can additionally reduce the administration of
cardiovascular medicines.

Can early spontaneous breathing be harmful in the treatment of ARDS?

During spontaneous breathing under mechanical ventilation, increased pressure fluctuations in the lungs may occur. Increased pressure
diCerence within the lung is the main cause of ventilator-associated lung injury.

What is the alternative to using early spontaneous breathing?

Spontaneous breathing may be suppressed by increased sedation or blockade of the nerves innervating muscles by medicines that allow
for breathing (called neuromuscular blockade). The advantage of complete ventilator-based breathing is a lower oxygen consumption of
the muscles and the reduced risk of self-inflicted lung injury.

What did we want to find out?
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We wanted to evaluate the benefits and harms of early spontaneous breathing activity in ventilated people with COVID-19 with ARDS
compared to ventilation strategies that avoid spontaneous breathing.

What did we do?

We searched for studies that compared early spontaneous breathing during invasive mechanical ventilation with mandatory invasive
ventilation and neuromuscular blockade in people with ARDS related to COVID-19. People could have been any age, sex or ethnicity.

What did we find?

ALer systematic search, we found no records that met the inclusion criteria.

Main results

We identified no eligible studies for this review.

What are the limitations of the evidence?

To date, there are no studies that have compared early spontaneous breathing during invasive mechanical ventilation to mandatory
invasive ventilation without spontaneous breathing in people with ARDS related to COVID-19.

How up-to-date is this evidence?

Our evidence is up-to-date to 2 March 2022.
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B A C K G R O U N D

This work is part of a series of Cochrane Reviews investigating
treatments and therapies for coronavirus disease 2019 (COVID-19).
Reviews of this series share information in the background section
and methodology based on published reviews about remdesivir
(Ansems 2021), monoclonal antibodies  (Kreuzberger 2021), and
convalescent plasma (Chai 2020), and are part of the German
research project "CEOsys" (COVID-19 Evidence-Ecosystem; CEOsys
2021).

Description of the condition

COVID-19 is a rapidly spreading infectious disease caused by severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2). On 11
March 2020, the World Health Organization (WHO) declared the
current COVID-19 outbreak a pandemic (WHO 2020a). COVID-19 is
unprecedented in comparison to previous coronavirus outbreaks,
such as severe acute respiratory syndrome (SARS) with 774 deaths
and Middle East respiratory syndrome (MERS) with 858 deaths
(WHO 2015; WHO 2019). Despite intensive international eCorts to
contain its spread, as of April 2022, there have been over 494
million confirmed cases, including over 6.1 million  deaths (WHO
2022a). In the meantime, the appearance of SARS-CoV-2 variants
(such as B.1.1.7 (Alpha), first identified in the UK in late 2020,
B.1.617.2 lineage (Delta), first identified in India in December 2020
and B.1.1.529 lineage (Omicron), first identified in South Africa
in November 2021) with higher transmissibility further increases
infection rates (ECDC 2020; WHO 2020b; PHE 2021; WHO 2022b). 

The median incubation time is estimated to be five to six days,
and 97.5% of symptomatic cases develop symptoms within 11.5
days of exposure (Lauer 2020). Sore throat, cough, fever, headache,
fatigue, and myalgia or arthralgia are the most commonly reported
symptoms (Struyf 2021). Other symptoms include dyspnoea, chills,
nausea or vomiting, diarrhoea, nasal congestion or loss of smell.
Most infected people have mild symptoms (approximately 80%, Wu
2020), or remain asymptomatic (Buitrago-Garcia 2020). A smaller
proportion is aCected by severe (approximately 11% to 20%) or
critical (approximately 1% to 5%) disease with hospitalisation and
intensive care unit (ICU) admittance due to respiratory failure,
septic shock  or multiple organ dysfunction syndrome (Wu 2020;
Funk 2021).

In one case series from 12 hospitals in New York (USA), 14%
of people hospitalised due to COVID-19 were treated in ICU
(Richardson 2020). Evaluations of people during the first COVID-19
wave in Germany showed an estimate of 14% to 37% of this
proportion (Schilling 2020; Tolksdorf 2020). In one observational
study of 10,021 hospitalised adults in Germany with a confirmed
COVID-19 diagnosis, 17% received mechanical ventilation (non-
invasive and invasive; Karagiannidis 2020). One large meta-analysis
including 45 studies with 16,561 patients from 17 countries showed
that approximately 76.1% of all patients admitted to the ICU
were diagnosed with acute respiratory distress syndrome (ARDS),
and 67.7% required invasive mechanical ventilation (IMV) (Tan
2021). Mortality rates are high in those most seriously ill people
with COVID-19. In two systematic reviews and meta-analyses of
international studies, the proportion of patients who died among
those treated in ICU was estimated at 28% to 34% and among of
those receiving IMV at 83% (Potere 2020; Tan 2021).

ARDS is an acute deterioration of lung function caused by a variety
of pathological states. Most oLen, bacterial infection triggers ARDS,
but also viral (e.g. influenza A virus) or fungal infection, trauma,
autoimmune disease (e.g. granulomatosis with polyangiitis), or
incorrect IMV may cause ARDS. The clinical picture of ARDS is
relatively uniform regardless of which pathological entity triggered
the deterioration of lung function and is generally defined by the
Berlin definition of ARDS from 2012 (The ARDS Definition Task
Force 2012): ARDS is a syndrome with acute onset (less than one
week from clinical insult to new or worsened respiratory function),
bilateral radiological opacities, non-cardiac pulmonary oedema
and decreased oxygenation.

Description of the intervention

Enabling early spontaneous breathing (within 48 hours aLer onset
of ARDS) in people who are invasively ventilated, combining
appropriate ventilator settings with avoidance of neuromuscular
blockade or deep sedation, or both.

Basic ventilatory strategies for people with ARDS are relatively
standardised: IMV with suCiciently high positive end-expiratory
pressure (PEEP) levels, suCiciently low peak inspiratory pressure
(PIP) levels, low driving pressure levels, low tidal volumes, and
fraction of inspiratory oxygen (FiO2) as low as possible with a target

arterial oxygen saturation (SaO2) of 92% to 96% (Fichtner 2018;

Fichtner 2019; Gottlieb 2022).

For other aspects of IMV it is less clear how to treat
people with severe ARDS. The optimal amount and proportion
of time of spontaneous breathing activity whilst being
mechanically ventilated is particularly unclear, and results
from randomised controlled trials (RCTs) show conflicting data.
 While increased spontaneous breathing may reduce ventilation-
perfusion mismatch and reduce diaphragm atrophy, it may also
increase oxygen consumption and promote self-inflicted lung
injury (Meyer 2021). The use of neuromuscular blocking agents
(NMBA) serves as a surrogate for ventilatory strategies that avoid
spontaneous breathing during IMV. Treatment with NMBA also
requires deep sedation due to total muscle relaxation in an
otherwise awake patient. Contradictory data from RCTs on people
with early severe non-COVID-19-ARDS led to inconsistent guideline
recommendations and heterogeneity in clinical routine treatment
concepts related to spontaneous breathing of people receiving IMV
(Papazian 2010; Moss 2019). Another ongoing Cochrane Review
addresses the use of NMBA in non-SARS-CoV-2-induced ARDS
separately (Kuriyama 2021).

How the intervention might work

While spontaneous breathing during IMV is enabled by reduced
sedation and avoidance of neuromuscular blocking, spontaneous
breathing is suppressed by increased sedation or pharmacological
neuromuscular blocking.

During spontaneous breathing while connected to a ventilator,
diaphragm innervation and contraction are preserved, putatively
reducing diaphragm atrophy. Furthermore, airflow into the
diaphragm adjacent alveoli may be facilitated by active diaphragm
contractions, reducing ventilation-perfusion mismatch. Since
suppression of spontaneous breathing needs deeper sedation or
neuromuscular blocking, enabling spontaneous breathing reduces
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need for sedation and therefore shortens the duration of IMV due
to accelerated weaning.

In contrast, spontaneous breathing is equivalent to active
muscle contraction and consequently may increase consumption
and subsequently demand of oxygen, which may already be
compromised due to ARDS conditions. Furthermore, it may be
hypothesised that active contractions of the diaphragm decrease
intrathoracic pressure with consecutive pulmonary oedema and
increased biotrauma of the alveoli inducing self-inflicted lung
injury.

In people with SARS-CoV-2 infection experiencing severe-to-
critical COVID-19, moderate-to-severe ARDS is the hallmark of the
clinical picture. Therefore, all controversies regarding ventilatory
modes and settings emerge for SARS-CoV-2-induced ARDS. As a
consequence, since ARDS represents a syndrome, not a single
pathological entity, the amount of heterogeneity of ARDS may be
high, and it has been hypothesised that ARDS caused by SARS-
CoV-2 diCers substantially from non-SARS-CoV-2-induced ARDS
(Meyer 2021). In part, this resulted in experience-based treatment
recommendations for SARS-CoV-2-induced ARDS, which are openly
contradictory to clinical guidelines and evidence (Marini 2020).

Therefore, for people with SARS-CoV-2-induced ARDS, it is unclear
whether it is diCerent from non-SARS-CoV-2-induced ARDS to an
extent that either allows or requires major deviation from evidence-
based guidelines or if these guidelines, which provide treatment
strategies for ARDS due to all known triggers besides SARS-
CoV-2, should be adhered to. For SARS-CoV-2-triggered ARDS, some
experts recommend spontaneous breathing not before the "very
end of the weaning process" (Marini 2020). In contrast, according to
the German evidence-based guidelines for people without severe
ARDS early enabling and supporting spontaneous breathing is
suggested regardless of the trigger of the respiratory insuCiciency
(Fichtner 2018; Fichtner 2019).

For people with SARS-CoV-2-induced ARDS, the frequency of early
NMBA use as a surrogate for strategies suppressing spontaneous
breathing varies, ranging from 25% of all people with SARS-CoV-2-
induced ARDS in one observational study from New York City,
USA to 88% in a cohort from France, Belgium and Switzerland
(Cummings 2020; Schmidt 2021). To date, observational data on
rates of spontaneously breathing people undergoing IMV as well
as data on ventilator settings is scarce and can, therefore, only be
roughly estimated by the number of people not exposed to NMBA
or deep sedation.

Why it is important to do this review

IMV is the cornerstone of ARDS treatment, but can also aggravate
ARDS. Therefore, ventilatory therapy should be cautiously applied.

The amount and proportion of time during IMV devoted to
spontaneous breathing is unclear: while there is evidence for
all patients with respiratory insuCiciency, mild and moderate
ARDS to support spontaneous breathing, for severe ARDS no such
recommendation can be given due to lack of direct evidence and
conflicting indirect evidence from studies on NMBA use in early
severe ARDS. For the new SARS-CoV-2-induced ARDS, some experts
recommend following the guidelines for ARDS triggered by all non-
SARS-CoV-2 causes, while other experts recommend avoiding all
spontaneous breathing eCorts during IMV (e.g. using NMBA).

Therefore, this systematic review aimed to assess the benefits
and harms of early spontaneous breathing in SARS-CoV-2-induced
ARDS compared to deep sedation and NMBA usage during
ventilatory therapy.

O B J E C T I V E S

To assess the benefits and harms of early spontaneous breathing
activity in invasively ventilated people with COVID-19 with
ARDS compared to ventilation strategies that avoid spontaneous
breathing.

M E T H O D S

Criteria for considering studies for this review

Types of studies

The main description of methods is based on the standard template
of the Cochrane Haematology review group and is  in line
with a  series of Cochrane Reviews investigating treatments and
therapies against COVID-19 as part of German Evidence Ecosystem
CEOsys. Specific adaptions related to the research question were
made if necessary. We adhered to the methods recommended in
the Cochrane Handbook for Systematic Reviews of Interventions
(Higgins 2021a). The protocol for this review was registered with
PROSPERO on 31 March 2021 (Frank 2021).

Given that RCTs, if conducted appropriately, provide the
best evidence for experimental therapies in highly controlled
therapeutic settings, we considered them for inclusion. We had
planned to include non-standard RCT designs, such as cluster-
randomised studies   (Higgins 2021b) and cross-over studies. In
cross-over studies, we would have only considered results from
the first period before cross-over because COVID-19 is not a
chronic condition, and its exact course and long-term eCects are
yet to be defined. Based on a pilot search for literature, we
expected to identify few RCTs. Therefore, we chose to additionally
include quasi-RCTs, controlled before-aLer studies, interrupted
time series with comparison group, prospective cohort studies and
retrospective cohort studies as eligible study types. For non-RCTs,
we considered a minimum total number of 50 participants to be
compared as necessary for inclusion.

We would have included the following formats, if suCicient
information was available on study design, characteristics of
participants, interventions and outcomes:

• full-text publications;

• preprint articles;

• abstract publications;

• results published in trials registries.

Types of participants

We considered studies with adults on IMV with SARS-CoV-2-induced
ARDS,  and we did not exclude any studies based on  gender,
ethnicity, disease severity or setting.

If studies enrolled only a subset of relevant participants, we
planned to include the relevant study only if data specific to this
subgroup were available.
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Types of interventions

We considered the following interventions:

• light sedation without usage of neuromuscular blockade
combined with modes of mechanical ventilation, enabling or
supporting spontaneous breathing activity of the participant
(minute volume support (e.g. biphasic positive airway pressure),
tidal volume support (e.g. pressure support ventilation) and
adaptive support (e.g. adaptive support ventilation)) early in the
course of ARDS.

We considered the following comparisons:

• mandatory ventilation mode combined with deep sedation level
or neuromuscular blockade.

Types of outcome measures

Primary outcomes

We evaluated core outcomes in accordance with the Core Outcome
Measures in ECectiveness Trials Initiative for people with COVID-19
(COMET 2021; WHO 2020c), and additional outcomes that were
prioritised by consumer representatives and the German guideline
panel for SARS-CoV-2 inpatient therapy. Prioritised outcomes are
underlined.

E>ectiveness of spontaneous breathing activity

• All-cause mortality (at up to day 28, day 60, in ICU, in hospital
and longest follow-up (time-to-event estimate)).

• Clinical improvement or worsening.
◦ Ventilator-free days within 28 and 60 days.

◦ Time to liberation from IMV.

◦ New need for extracorporeal membrane oxygenation (ECMO)
therapy.

• Need for tracheostomy.

• Duration of ICU stay or time to discharge from ICU.

• Duration of hospitalisation or time to discharge from hospital.

• Quality of life, including fatigue and functional independence;
assessed with standardised scales (e.g. WHOQOL-100) at longest
follow-up available.

Safety of spontaneous breathing activity

• Adverse events, any grade (defined as number of participants
with event of any grade).

• Serious adverse events (defined as number of participants with
event).

• Incidence of pneumothorax.

If we had found studies with other outcomes, we would have
considered them for narrative review only.

Timing of outcome measurement

In case of time-to-event analysis (e.g. for time to discharge
from hospital and time to mortality), we included the outcome
measure based on the longest follow-up time. We also collected
information on outcomes from all other time points reported in the
publications. We considered adverse events occurring during active
treatment as well as long-term adverse events occurring aLer active
treatment.

Secondary outcomes

We considered no other outcomes.

Search methods for identification of studies

Electronic searches

Our information specialists (MIM, AV) searched the following
COVID-19-specific electronic databases without restrictions from
their inception to 2 March 2022 (date of last search for both
databases):

• Cochrane COVID-19 Study Register (CCSR)
(www.covid-19.cochrane.org), comprising:
◦ PubMed, weekly updates;

◦ Embase.com, weekly updates;

◦ ClinicalTrials.gov (www.clinicaltrials.gov), daily updates;

◦ World Health Organization International Clinical Trials
Registry Platform (ICTRP) (www.who.int/trialsearch), weekly
updates;

◦ medRxiv (www.medrxiv.org), weekly updates;

◦ Cochrane Central Register of Controlled Trials (CENTRAL),
monthly updates;

• WHO COVID-19 Global literature on coronavirus disease
(search.bvsalud.org/global-literature-on-novel-
coronavirus-2019-ncov/).

In addition, systematic reviews were identified via
the US Department for Veterans ACairs Evidence
Synthesis Program (www.covid19reviews.org/), Epistemonikos
(www.epistemonikos.org/), and by using PubMed's similar article
algorithm and exporting the first 10 similar articles of eight known
relevant systematic reviews.

For the full search strategies of all databases, see Appendix 1.

Searching other resources

We searched for other potentially eligible studies by searching the
reference lists of included studies and relevant systematic reviews.  

Data collection and analysis

Selection of studies

Teams of two review authors (FH, CH, JF, NO, CG, SD, AK)
independently  screened the titles and abstracts of all retrieved
studies using Covidence. In the case of disagreement or if the
relevance was unclear, we progressed the study to full-text
screening. The teams of two review authors then assessed the full-
text articles of those studies deemed potentially relevant. If the two
review authors were unable to reach a consensus, they consulted
the review authors FF and SL to reach a final decision.

We documented the study selection process in a flow chart, as
recommended in the PRISMA statement (Moher 2009), outlining the
total numbers of references retrieved and the numbers of included
and excluded studies. We listed all studies that we excluded
during full-text screening and the reasons for their exclusion in
the Characteristics of excluded studies table.
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Data extraction and management

We planned to extract data according to the guidelines proposed by
Cochrane (Li 2021). Two review authors planned to independently
extract data from each study and in duplicate, using a customised
data extraction form developed in MicrosoL Excel (MicrosoL 2018).
Any disagreements were to be resolved by discussion or by
consulting a third review author if necessary. 

We planned extract the following information, where reported.

• General information: author, title, source, publication date,
country, language, duplicate publications.

• Study characteristics: trial design,  setting, and dates; source
of participants; inclusion/exclusion criteria; comparability of
groups; treatment cross-overs; compliance with assigned
treatment; length of follow-up.

• Participant characteristics: age, gender, ethnicity, number
of participants recruited/allocated/evaluated, additional
diagnoses, severity of disease, previous treatments, concurrent
treatments,  comorbidities  (e.g. diabetes, respiratory disease,
hypertension, immunosuppression, obesity, heart failure).

• Interventions: ventilation mode and parameter setting,
clinically assessed spontaneous breathing activity, documented
low sedation level.

• Control interventions: ventilation mode and parameter setting,
dosage and duration of NMBA, type of NMBA.

• Outcomes: as specified in Types of outcome measures section.

• Risk of bias assessment: randomisation process, deviations
from the intended interventions,  missing outcome
data, measurement of the outcome,  selection of the reported
result.

Assessment of risk of bias in included studies

Two review authors planned to independently assess the included
studies for methodological quality and risk of bias. If the review
authors were unable to reach a consensus, a third review author
was to be consulted.

We planned to use the RoB 2 tool to assess the risk of bias of
included RCTs (Sterne 2019). The tool allows for the assessment of
the following types of bias, as outlined in Chapter 8 of the Cochrane
Handbook for Systematic Reviews of Interventions (Higgins 2021b):

• bias arising from the randomisation process;

• bias due to deviations from the intended interventions;

• bias due to missing outcome data;

• bias in measurement of the outcome;

• bias in selection of the reported result.

For cross-over studies, we planned to use the RoB 2 tool as
described above, as we would have only considered results from
the first period before cross-over, making this akin to a parallel RCT.
For cluster-RCTs, we planned to add a domain to assess bias arising
from the timing of identification and recruitment of participants
in relation to the timing of randomisation (Eldridge 2021; Higgins
2021b).

For all signalling questions, the following judgement options were
available.

• Yes: if there was firm evidence that the question was fulfilled in
the study (i.e. the study was at low or high risk of bias for the
given the direction of the question).

• Probably yes: a judgement was made that the question was
fulfilled in the study (i.e. the study was at low or high risk of bias
given the direction of the question).

• No: if there was firm evidence that the question was unfilled in
the study (i.e. the study was at low or high risk of bias for the
given the direction of the question).

• Probably no: a judgement was made that the question was
unfilled in the study (i.e. the study was at low or high risk of bias
given the direction of the question).

• No information: if the study report did not provide suCicient
information to allow any judgement.

The algorithms within RoB 2 allow for assigning each domain one
of the following levels of bias.

• Low risk of bias.

• Some concerns.

• High risk of bias.

Subsequently, the tool comprises an  overall risk of bias judgement
for each prespecified outcome in each study in accordance with the
following suggestions.

• Low risk of bias: we judged the trial at low risk of bias for all
domains for this result.

• Some concerns: we judged the trial to raise some concerns in at
least one domain for this result, but not at high risk of bias for
any domain.

• High risk of bias: we judged the trial at high risk of bias in at
least one domain for the result, or we judged the trial to have
some concerns for multiple domains in a way that substantially
lowered confidence in the results.

For this review, we considered the eCect of the assignment to the
intervention (the intention-to-treat (ITT) eCect), thus, we planned
to perform all assessments with RoB 2 on this eCect. The outcomes
relevant for assessment were those featured in the summary of
findings table. We planned to use the RoB 2 Excel tool to implement
RoB 2 (available on the riskofbias.info  website); however, we
identified no relevant studies.

For non-RCTs, we planned to use the Risk of Bias in Non-
randomised Studies of Interventions (ROBINS-I) tool (Sterne 2016;
Sterne 2020). ROBINS-I allows for the assessment of the following
domains.

• Bias due to confounding.

• Bias in selection of participants into the study.

• Bias in classification of interventions.

• Bias due to deviations from intended interventions.

• Bias due to missing data.

• Bias in measurement of outcomes.

• Bias in selection of the reported result.

For each signalling question, the following options are available.

• Yes.

• Probably yes.
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• Probably no.

• No.

• No information.

The tool also comprises an overall risk of bias judgement for each
prespecified outcome.

• Low risk.

• Moderate risk.

• Serious risk.

• Critical risk.

Measures of treatment e>ect

For continuous outcomes, we were interested in the mean,
standard deviation and total number of participants in both
treatment and control groups, which could then have been used
to calculate either the mean diCerence (MD; had studies used the
same scale) or the standardised mean diCerence (SMD; had studies
used diCerent scales).

For dichotomous outcomes, we were interested in the number of
events and total number of participants in both treatment and
control groups, which could then have been used to calculate the
risk ratio (RR).

If available, we planned to extract and report hazard ratios (HRs) for
time-to-event outcomes (e.g. time to death) and the corresponding
95% confidence intervals.

Unit of analysis issues

The aim of this review was to summarise trials that analysed
data at the level of the individual. However, had we identified
relevant studies at the cluster-level, we would have ensured that
these accounted for clustering in their design or analysis or both.
If studies comparing more than two relevant arms had been
identified, we would have assessed whether to combine multiple
treatment groups, if they were suCiciently homogeneous, or to
compare each treatment group with the comparator separately.
The latter would have required splitting the comparator group, so
as to avoid unit of analysis issues (Higgins 2021b).

Dealing with missing data

Chapter 10 of the Cochrane Handbook for Systematic Reviews of
Interventions suggests several potential sources for missing data:
at study level, at outcome level and at summary data level (Deeks
2021). At all levels, it is important to diCerentiate between data
'missing at random', which may oLen be unbiased, and 'not missing
at random', which may bias study and thus review results.

In case of missing data which precluded the assessment of
eligibility, the assessment of risk of bias or the incorporation of a
study into the data synthesis, we planned to contact the authors via
email or telephone. With regard to the data synthesis, we planned
to analyse only reported data (i.e. we did not plan to impute missing
outcome data).

Assessment of heterogeneity

We planned to assess the heterogeneity of treatment eCects
between trials using a Chi2  test (P < 0.05 considered significant),
the I2  statistic (Higgins 2003) (I2  statistic > 30% to signify

moderate heterogeneity, I2 statistic > 75% to signify considerable
heterogeneity; Deeks 2021) and visual examination.

Assessment of reporting biases

We searched trials registries to identify completed trials that
have not been published elsewhere, to minimise or determine
publication bias. We intended to explore potential publication
bias by generating a funnel plot and statistically testing this by
conducting a linear regression test for meta-analyses involving at
least 10 trials (Sterne 2019). We would have considered P < 0.1 as
significant for this test. Where we suspected publication bias due to
small-study eCects, we planned to conduct sensitivity analyses to
assess whether these small studies were disproportionately driving
results.

Data synthesis

If the clinical and methodological characteristics of individual
studies were suCiciently homogeneous, we planned to pool the
data in a meta-analysis, according to the recommendations of the
Cochrane Handbook for Systematic Reviews of Interventions (Deeks
2021). We planned to use Review Manager Web (RevMan Web)
soLware for analyses (Review Manager Web 2021). One review
author would have entered the data into the soLware, and a
second review author planned to check the data for accuracy.
When meta-analysis was feasible, we had planned to use the
random-eCects model as we assumed that the intervention eCects
were related but were not the same for the included studies. For
dichotomous outcomes, we would have performed meta-analyses
using the Mantel-Haenszel method under a random-eCects model
to calculate the summary (combined) intervention eCect estimate
as a weighted average of the intervention eCects estimated in the
individual studies. For continuous outcomes, we would have used
the inverse-variance method. We planned to present descriptive
statistics only, if we deemed meta-analysis inappropriate for a
certain outcome because of heterogeneity or because of serious
study limitations leading to considerably high risk of bias.

Subgroup analysis and investigation of heterogeneity

Because of clinical relevance, we planned to perform subgroup
analyses of mortality for the following characteristics.

• Severity of oxygenation impairment (as oxygen pressure in
arterial blood (PaO2)/FiO2 ratio) at baseline (< 100 mmHg; 100

mmHg to 200 mmHg, 201 mmHg to 300 mmHg).

• Duration of ARDS (spontaneous breathing activity within 48
hours versus aLer 48 hours of ARDS onset).

For comparisons with heterogeneity above 80%, where the
two planned subgroup analyses did not explain heterogeneity,
we had planned to conduct exploratory subgroup analyses to
identify potential causes. However, any findings based on these
additional subgroup analyses would have been clearly described as
exploratory, to avoid any risk of selective reporting of findings.

Sensitivity analysis

We planned to perform sensitivity analyses for the following
potential confounders.

• Risk of bias domains (studies with a low risk of bias or some
concerns versus studies with a high risk of bias).
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• Studies using NMBA in addition to deep sedation level alone to
avoid spontaneous breathing.

• Comparison of preprints versus peer-reviewed articles.

• Comparison  of premature termination of studies with
completed studies.

Additionally, if we suspected that due to publication bias, small-
study eCects were biasing the eCects estimated in meta-analysis,
we planned to conducted sensitivity analyses comparing the results
of random-eCects versus fixed-eCect meta-analysis (Page 2022).

Summary of findings and assessment of the certainty of the
evidence

We (FH, FG, FF, SL, LW, JB) planned to use the GRADE approach for
interventions evaluated in RCTs (GRADEpro GDT), as recommended
in Chapter 14 of the Cochrane  Handbook for Systematic Reviews
of Interventions  (Schünemann 2021). We planned to resolve
disagreements by discussion; if this was unsuccessful, another
review author decided.

The GRADE approach uses five domains (risk of bias, consistency of
eCect, imprecision, indirectness and publication bias) to assess the
certainty in the body of evidence for each prioritised outcome.

We planned to potentially downgrade our certainty of evidence for:

• serious (–1) or very serious (–2) risk of bias;

• serious (–1) or very serious (–2) inconsistency;

• serious (–1) or very serious (–2) uncertainty about directness;

• serious (–1) or very serious (–2) imprecise or sparse data;

• serious (–1) or very serious (–2) probability of reporting bias.

As a result of applying these criteria, the GRADE system allows
assignment of the following levels of certainty to a body of
evidence.

• High: we are very confident that the true eCect lies close to that
of the estimate of the eCect.

• Moderate: we are moderately confident in the eCect estimate;
the true eCect is likely to be close to the estimate of eCect, but
there is a possibility that it is substantially diCerent.

• Low: our confidence in the eCect estimate is limited; the true
eCect may be substantially diCerent from the estimate of the
eCect.

• Very low: we have very little confidence in the eCect estimate;
the true eCect is likely to be substantially diCerent from the
estimate of eCect.

According to Chapter 14 of the Cochrane Handbook for Systematic
Reviews of Interventions, the "most critical and/or important health
outcomes, both desirable and undesirable, limited to seven or
fewer outcomes" should be included in the summary of findings
table(s) (Schünemann 2021). We planned to assess the certainty
of the outcomes prioritised according to the Core Outcome Set for
intervention studies (COMET 2021) and patient-relevance (critical
outcomes visualised by underlining).

E�ectiveness of spontaneous breathing activity

• All-cause mortality (at up to day 28, day 60, in ICU, in hospital,
and longest follow-up (time-to-event estimate)).

• Clinical improvement or worsening.
◦ Ventilator-free days within 28 and 60 days.

◦ Time to liberation from IMV.

◦ New need for ECMO therapy.

• Need for tracheostomy.

• Duration of ICU stay or time to discharge from ICU.

• Duration of hospitalisation or time to discharge from hospital.

• Quality of life, including fatigue and functional independence;
assessed with standardised scales (e.g. WHOQOL-100) at longest
follow-up available.

Safety of spontaneous breathing activity

• Adverse events, any grade (defined as number of participants
with event of any grade).

• Serious adverse events (defined as number of participants with
event).

• Incidence of pneumothorax.

R E S U L T S

Description of studies

Results of the search

We performed the database searches on 2 March 2022 and
identified 1716 records. ALer removing duplicates, we screened
titles and abstracts of 1562 records. We excluded 1502 records that
did not meet the inclusion criteria. All of the remaining 60 records
were excluded at the full-text screening stage. Thus, no studies
satisfied the eligibility criteria. We recorded the selection process in
suCicient detail to complete a PRISMA flow diagram (Figure 1).
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Figure 1.   Study flow diagram.
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Figure 1.   (Continued)

 
Included studies

We identified no eligible studies for this review.

Excluded studies

We excluded 50  references (50 studies) that did not match our
inclusion criteria (more details are provided in the Characteristics
of excluded studies table); specifically, they were excluded for the
following reasons:

• 17 studies applied a non-eligible study design;

• 15 did not investigate spontaneous breathing;

• 10 studies did not include people with SARS-CoV-2-induced-
ARDS;

• six studies had a small study population (fewer than 50
participants).

• two studies did not compare spontaneous breathing modes to
controlled ventilation modes.

Studies awaiting classification

There are no studies awaiting classification.

Ongoing studies

We identified 10 ongoing studies (see  Characteristics of ongoing
studies table).

Risk of bias in included studies

We identified no eligible studies for this review.

Allocation

We identified no eligible studies for this review.

Blinding

We identified no eligible studies for this review.

Incomplete outcome data

We identified no eligible studies for this review.

Selective reporting

We identified no eligible studies for this review.

Other potential sources of bias

We identified no eligible studies for this review.

E>ects of interventions

We identified no eligible studies for this review.

D I S C U S S I O N

The aim of this review was to assess the benefits and harms of
early spontaneous breathing during IMV compared to ventilation
strategies that avoid spontaneous breathing. In this first version
of the review, we identified no eligible studies for inclusion.

Therefore, we cannot provide direct evidence on the value of early
spontaneous breathing during IMV in SARS-CoV-2-induced ARDS to
date.

Clinicians worldwide face being challenged with an unprecedented
emergence of a new pathogen causing respiratory failure. Naturally,
a debate arises about whether ARDS caused by SARS-CoV-2
parallels non-SARS-CoV-2-induced ARDS in terms of treatment
recommendations, amongst these recommendations for or against
the use of spontaneous breathing in invasively ventilated people.

ARDS is a syndrome induced by a variety of pathological states,
including bacterial, viral and fungal infections, as well as trauma,
autoimmune disease or even mechanical strain delivered by
invasive ventilation. While treatment of the underlying cause
of ARDS can widely diCer between the diCerent pathological
states, ventilatory strategies for people with ARDS are relatively
standardised and more or less uniquely applied in clinical settings.
For example, for all forms of ARDS not induced by SARS-
CoV-2, mechanical ventilation with suCiciently high PEEP levels,
suCiciently low PIP levels, low driving pressure levels, low tidal
volumes and FiO2 as low as possible with a target SaO2 of 92% to

96%  is recommended (Fichtner 2018; Fichtner 2019; Gottlieb 2022).

The amount and proportion of spontaneous breathing during
mechanical ventilation is less clear. In one key study from
2010 usage of NMBA in early ARDS resulted in a reduction in
mortality (Papazian 2010). This result was not reproduced in further
studies. In contrast, some studies could not show any drawbacks
of enabling early spontaneous breathing for non-SARS-CoV-2-
induced ARDS (Zhou 2017; Hirshberg 2018; Moss 2019). Further
large RCTs investigating spontaneous breathing in people with
non-SARS-CoV-2-induced ARDS are awaiting publication (BiRDS
trial:   NCT01862016) or ongoing (PReSPON trial:  NCT04228471).
Evidence-based guidelines suggest early spontaneous breathing
for all patients mechanically ventilated without severe ARDS
(Fichtner 2018; Fichtner 2019). For people with severe ARDS, there
are conflicting recommendations from evidence-based guidelines
ranging from not recommending for or against early spontaneous
breathing to considering diCerent forms of short-term NMBA usage
(Fichtner 2018; Fichtner 2019; Papazain 2019; Alhazzani 2020a). The
latter is also suggested by the recent surviving sepsis campaign
guidelines on the management of critically ill adults with COVID-19
based on some guidelines (Alhazzani 2020b). Two trials  on
early spontaneous breathing in ARDS analysed the subgroup of
participants with more severe ARDS (Zhou 2017: PaO2/FiO2 less

than 100 mmHg;  Moss 2019: oxygenation ratio (PaO2/FiO2) less

than 120 mmHg) and found no disadvantages of early spontaneous
breathing. Therefore, for non-SARS-CoV-2-induced ARDS, enabling
early spontaneous breathing is either weakly recommended or at
least considered not to be harmful by Aslam and colleagues in one
recently published narrative review (Aslam 2021).

Early in the SARS-CoV-2 pandemic experts hypothesised on
two distinct SARS-CoV-2-induced ARDS subtypes based on
retrospective and observational data: H-type and L-type (Marini
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2020). While the H-type resembled the typical clinical features of
ARDS, the L-type is postulated to be a distinct pathophysiological
entity. According to the authors, these entities should be treated
diCerently according to their pulmonary mechanical properties:
while the H-type should be treated (more or less) according to
recommendations for "typical" ARDS, the L-type should be treated
with low PEEP levels and more liberal tidal volume (Marini 2020).
Furthermore, they suggest that spontaneous breathing should be
enabled "only at the very end of the weaning process" (Marini 2020,
p. 2330).

More recently, the unique lung injury induced by SARS-CoV-2 has
been questioned. In one prospective observational pilot study on
27 people with ARDS, SARS-CoV-2-induced ARDS diCered from viral
but not SARS-CoV-2-induced ARDS in some inflammatory features,
but oxygenation ratio, minute ventilation, lung compliance or
overall survival were not diCerent between groups, which led
the authors to conclude that deviation from evidence-based
recommendations for treatment of ARDS is not justified by these
results (Bain 2021).

Grasselli and colleagues compared functional and morphological
characteristics in a cohort of 301 people with COVID-19 to people
from the LUNG-SAFE study (Grasselli 2020). The LUNG-SAFE study
is an observational multicentre, international, prospective cohort
study of people with non-SARS-CoV-2 on invasive or non-invasive
ventilation in 459 ICUs from 50 countries (Bellani 2016). The
comparison suggests that SARS-CoV-2-induced ARDS and non-
SARS-CoV-2-induced ARDS are similar in many aspects (Grasselli
2020). In one multicentre prospective observational study of
742 invasively ventilated patients,  Ferrando 2020  found that
SARS-CoV-2-induced ARDS predominantly exhibited the same
characteristics as non-SARS-CoV-2-induced ARDS, including similar
mortality. The PRoVENT-COVID trial from the Netherlands showed
that the application of ventilatory strategies for non-SARS-CoV-2-
induced ARDS was feasible, and that clinical characteristics from
the included participants did not suggest a unique SARS-CoV-2-
induced ARDS phenotype (Botta 2021).

The similarity of SARS-CoV-2-induced ARDS and non-SARS-CoV-2
induced ARDS was aCirmed by a Delphi-based expert consensus
statement, which resulted in 86.5% agreement to the statement,
"The pathophysiology of C-ARF [COVID-19-related acute respiratory
failure] is similar to that of ARDS" and in 100% agreement to the
statement "lung protective ventilation should be used for patients
with C-ARF on IMV", which is the hallmark of evidence-based
guidelines on ARDS (Nasa 2021). While the same expert consensus
statement contended that NMBAs "may be considered" during the
early phase of invasive ventilation, early spontaneous breathing
was not referenced.

The German living guideline "recommendations for the therapy
of hospitalised patients with COVID-19" stated – given these trials
– that due to lack of randomised trials on ventilatory therapy
specifically in COVID-19, the recommendations for ventilatory
strategies are based on the most recently published guidelines for
invasive ventilation in acute respiratory failure (Kluge 2021).

Since ARDS is a syndrome induced by a variety of pathological
states and SARS-CoV-2-induced ARDS mimics non-SARS-CoV-2-
induced ARDS in many aspects including outcome if treated
according to the evidence-based guidelines for non-SARS-CoV-2-
induced ARDS, it seems reasonable that SARS-CoV-2-induced ARDS

represents a subset of ARDS, not a unique, standalone pathological
entity, albeit this classification is still subject to an ongoing debate.

Nevertheless, facing the lack of distinct trials that investigate
specific ventilatory strategies including spontaneous breathing and
the use of NMBAs in SARS-CoV-2-induced ARDS it is paramount
that trials in SARS-CoV-2-induced ARDS be conducted so that these
remaining uncertainties and debates can be clarified, and so that
patients can receive the most eCective treatment.

Summary of main results

We identified no eligible studies for this review. Therefore, we
found no direct evidence on whether early spontaneous breathing
in SARS-CoV-2-induced ARDS is beneficial or detrimental to this
particular group of patients. For this reason, we can make no
recommendations for or against the use of early spontaneous
breathing in SARS-CoV-2-induced ARDS until further studies are
published.

Overall completeness and applicability of evidence

We identified no eligible studies for this review in a complete search
for evidence.

Quality of the evidence

We identified no eligible studies for this review.

Potential biases in the review process

We identified no eligible studies for this review.

Agreements and disagreements with other studies or
reviews

We identified no eligible studies for this review.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

We found no direct evidence on whether early spontaneous
breathing in SARS-CoV-2-induced acute respiratory distress
syndrome (ARDS) is beneficial or detrimental to this particular
group of patients.

Implications for research

There is no direct evidence of the impact of early spontaneous
breathing in SARS-CoV-2-induced ARDS on clinical outcomes.
Because ARDS is a syndrome and not a unique pathological entity,
it is possible that early spontaneous breathing in SARS-CoV-2-
induced ARDS may have diCerent beneficial or adverse eCects
compared with non-SARS-CoV-2-induced ARDS. Furthermore, it
is also possible that SARS-CoV-2-induced ARDS disaggregates
into diCerent disease entities or disease stages, which might
show diCerent eCects induced by early spontaneous breathing.
Therefore, randomised controlled trials (RCT) comparing early
spontaneous breathing with ventilatory strategies not allowing for
spontaneous breathing in people with SARS-CoV-2-induced ARDS
are necessary to answer these questions. Such RCTs could also
assess whether the specific SARS-CoV-2 disease state influences
the treatment eCect; if people with non-SARS-CoV-2-induced ARDS
were also included, these could additionally aim to clarify whether
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treatment eCects diCer between people with SARS-CoV-2-induced
ARDS and people with non-SARS-CoV-2-induced ARDS.
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Ingebrigtson 2021 Wrong intervention

Jain 2021 Too few participants

Kallet 2018 Wrong intervention

Karayiannis 2021 Wrong study design

Knafelj 2021 Too few participants

Kressin 2021 Too few participants

Lee 2022 Wrong study design

Li 2017 Wrong patient population

Li Bassi 2021 Wrong intervention

Lyu 2014 Wrong patient population

Mauri 2020 Wrong intervention

McCue 2020 Wrong study design

Needham 2012 Wrong patient population

Papazian 2010 Wrong patient population

Perinkulam Sathyanarayanan 2021 Too few participants

Renes 2020 Wrong study design

Rizvi 2021 Wrong study design

Rodrigo Castroviejo 2021 Wrong study design

Ruan 2021 Wrong study design

Sella 2020 Wrong intervention

Serrano 2020 Wrong study design

Song 2016 Wrong patient population

Tsolaki 2020 Wrong intervention

van der Zee 2020 Wrong intervention
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Vine 2021 Wrong study design

Wongtangman 2021 Wrong intervention

Wu 2021 Wrong study design
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Zhou 2017 Wrong patient population

Ziehr 2020 Wrong study design

Zorbas 2021 Too few participants
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Study name Artificial ventilation setting in patients infected with
COVID-19

Methods  

Participants  

Interventions  

Outcomes  

Starting date  

Contact information  

Notes  

ictrp-RBR-2z3f7k 

 
 

Study name The effect of APRV-LTV mechanical ventilation mode on arterial blood gases,
ventilation indices and vital signs in patients with COVID-19

Methods  

Participants  

Interventions  

Outcomes  

Starting date  

Contact information  

Notes  

IRCT20150724023314N4 
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Study name Evaluation of airway pressure release ventilation in COVID-19
ARDS (APRV-COVID19)

Methods  

Participants  

Interventions  

Outcomes  

Starting date  

Contact information  

Notes  

NCT04386369 

 
 

Study name Flow controlled ventilation in ARDS associated with
COVID-19

Methods  

Participants  

Interventions  

Outcomes  

Starting date  

Contact information  

Notes  

NCT04399317 

 
 

Study name Risk factors for prolonged invasive mechanical ventilation in COVID-19
acute respiratory distress syndrome

Methods  

Participants  

Interventions  

Outcomes  

Starting date  

Contact information  

NCT04411459 

Early spontaneous breathing for acute respiratory distress syndrome in individuals with COVID-19 (Review)

Copyright © 2022 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

24



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Notes  
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(TOF-COVID)

Methods  

Participants  

Interventions  

Outcomes  

Starting date  

Contact information  

Notes  

NCT04459533 

 
 

Study name Respiratory mechanics and gas exchange characteristics in
patient with SARS-CoV-2

Methods  

Participants  

Interventions  

Outcomes  

Starting date  

Contact information  

Notes  

NCT04486729 

 
 

Study name Mechanical ventilation strategy for coronavirus disease
2019 (COVID-19)

Methods  

Participants  

Interventions  

NCT04497454 
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Outcomes  

Starting date  

Contact information  

Notes  

NCT04497454  (Continued)

 
 

Study name Comparison for the effect of neuromuscular blocking agents versus seda-
tion alone on severe ARDS patients due to COVID-19

Methods  

Participants  

Interventions  

Outcomes  

Starting date  

Contact information  

Notes  

NCT04922814 

 
 

Study name Recruitment assessment in patients with acute respiratory dis-
tress syndrome and Covid-19

Methods  

Participants  

Interventions  

Outcomes  

Starting date  

Contact information  

Notes  

NCT05248243 
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A P P E N D I C E S

Appendix 1. Search strategies

Primary literature

Cochrane COVID-19 Study Register (CCSR)

"neuromuscular blockade" OR "neuromuscular blockades" OR "neuromuscular blockage" OR "neuromuscular blocking" OR
"neuromuscular blocked" OR "neuromuscular blocker" OR "neuromuscular blockers" OR "neuromuscular block" OR "neuromuscular
nondepolarizing agent" OR "neuromuscular nondepolarizing agents" OR "muscle relaxant" OR "muscle relaxation" OR "muscle relaxants"
OR "neuromuscular blocking agent" OR "neuromuscular blocking agents" OR succinylcholin OR suxamethonium OR rocuronium
OR atracurium OR cisatracurium OR "assisted ventilation" OR "supported ventilation" OR "pressure support ventilation" OR "PSV"
OR "assisted spontaneous breathing" OR "ASB" OR "synchronized intermittent mandatory ventilation" OR "SIMV" OR "synchronised
intermittent mandatory ventilation" OR "A/C ventilation" OR "AC ventilation" OR "Assist Control Ventilation" OR "intermittent positive
pressure ventilation" OR "mandatory ventilation" OR "controlled ventilation" OR "VCV" OR "PCV" OR "IPPV" OR "positive pressure
respiration" OR "controlled mechanical ventilation" OR "mandatory mechanical ventilation" OR "controlled positive pressure ventilation"
OR "mandatory positive pressure ventilation" OR "controlled PPV" OR "mandatory PPV" OR "controlled invasive ventilation" OR
"mandatory invasive ventilation" OR "pressure regulated volume control" OR "PRVC" OR "airway pressure release ventilation" OR "APRV"
OR "biphasic positive airway pressure" OR "bipap" OR "Bi Level" OR "bi vent" OR "duoPAP" OR "biphase" OR "bilevel" OR "bi pap"
OR "bi phasic positive airway pressure" OR "smartcare" OR "smartcare/ps" OR "automated weaning" OR "closed loop" OR "adaptive
support ventilation" OR "ASV" OR "intellivent" OR "Proportional Assist Ventilation" OR "Proportional Assisted Ventilation" Or "Proportional
Assist Ventilator" OR "pav" OR "neurally adjusted ventilatory assist" OR "neurally adjusted ventilator" OR "nava" OR "automatic tube
compensation" OR "atc"
= 1272 records

World Health Organization COVID-19 Global literature on coronavirus disease

Title, abstract, subject:
"neuromuscular blockade" OR "neuromuscular blockades" OR "neuromuscular blockage" OR "neuromuscular blocking" OR
"neuromuscular blocked" OR "neuromuscular blocker" OR "neuromuscular blockers" OR "neuromuscular block" OR "neuromuscular
nondepolarizing agent" OR "neuromuscular nondepolarizing agents" OR "muscle relaxant" OR "muscle relaxation" OR "muscle relaxants"
OR "neuromuscular blocking agent" OR "neuromuscular blocking agents" OR succinylcholin OR suxamethonium OR rocuronium
OR atracurium OR cisatracurium OR "assisted ventilation" OR "supported ventilation" OR "pressure support ventilation" OR "PSV"
OR "assisted spontaneous breathing" OR "ASB" OR "synchronized intermittent mandatory ventilation" OR "SIMV" OR "synchronised
intermittent mandatory ventilation" OR "A/C ventilation" OR "AC ventilation" OR "Assist Control Ventilation" OR "intermittent positive
pressure ventilation" OR "mandatory ventilation" OR "controlled ventilation"  OR "VCV" OR "PCV" OR "IPPV" OR "positive pressure
respiration" OR "controlled mechanical ventilation" OR "mandatory mechanical ventilation" OR "controlled positive pressure ventilation"
OR "mandatory positive pressure ventilation" OR "controlled PPV" OR "mandatory PPV" OR "controlled invasive ventilation" OR
"mandatory invasive ventilation" OR "pressure regulated volume control" OR "PRVC" OR "airway pressure release ventilation" OR "APRV"
OR "biphasic positive airway pressure" OR "bipap" OR "Bi Level" OR "bi vent" OR "duoPAP" OR "biphase" OR "bilevel" OR "bi pap"
OR "bi phasic positive airway pressure" OR "smartcare" OR "smartcare/ps" OR "automated weaning" OR "closed loop" OR "adaptive
support ventilation" OR "ASV" OR "intellivent" OR "Proportional Assist Ventilation" OR "Proportional Assisted Ventilation" Or "Proportional
Assist Ventilator" OR "pav" OR "neurally adjusted ventilatory assist" OR "neurally adjusted ventilator" OR "nava" OR "automatic tube
compensation" OR "atc"
= 424 records

Evidence syntheses

PubMed Similar Articles Search

10 first records for PMIDs: 30379668, 33095344, 30949778, 28936695, 28013329, 31112383, 32066488, 33444180
= 66 records

US VA Evidence Synthesis Program Covid-19 Reviews

searched each term separately: "breathing"; "neuromuscular"
= 0 relevant records

Epistemonikos
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title, abstract:

("neuromuscular block*" OR "muscle relax*") AND ("acute respiratory" OR ARDS)
("neuromuscular block*" OR "muscle relax*") AND (COVID OR COVID19)
(spontan* AND breathing) AND (COVID OR COVID19)
(spontan* AND breathing) AND ("acute respiratory" OR ARDS)
= 35 records
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D I F F E R E N C E S   B E T W E E N   P R O T O C O L   A N D   R E V I E W

We made the following changes to the published protocol (Frank 2021).

Title

We further specified the title of the review by adding 'early' for spontaneous breathing.

Types of interventions

We clarified our types of intervention. We defined our intervention to be spontaneous breathing during invasive ventilation identified by
ventilator settings enabling or supporting spontaneous breathing. On the contrary, ventilation strategies that encompass neuromuscular
blockading agents (NMBA), deep sedation or ventilator modes not allowing for spontaneous breathing served as control. This was because
most clinicians tend to use deep sedation or NMBA in COVID-19-ARDS (Schmidt 2021).

Types of outcome measures

We specified outcomes regarding eCectiveness and safety of spontaneous breathing in invasively ventilated individuals with SARS-CoV-2-
induced ARDS aLer a guideline consortium (CEOsys) that occurred aLer protocol registration. This approach was implemented in all
reviews of CEOsys. We created outcome categories and added/specified the following outcomes for invasively ventilated participants with
SARS-CoV-2-induced ARDS as follows.
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E>ectiveness of spontaneous breathing activity

• All-cause mortality (at up to day 28, day 60, in ICU, in hospital, and longest follow-up (time-to-event estimate)).

• Clinical improvement or worsening.
◦ Ventilator-free days within 28 and 60 days.

◦ Time to liberation from IMV.

◦ New need for ECMO therapy.

• Need for tracheostomy.

• Duration of ICU stay or time to discharge from ICU.

• Duration of hospitalisation or time to discharge from hospital.

• Quality of life, including fatigue and functional independence; assessed with standardised scales (e.g. WHOQOL-100) at longest follow-
up available.

Safety of spontaneous breathing activity

• Adverse events, any grade (defined as number of participants with event of any grade).

• Serious adverse events (defined as number of participants with event).

• Rate of pneumothorax.

The predefined outcome measures hospital-acquired infection and need for renal replacement therapy were removed in the review for
compaction. Adverse events should include aforementioned outcomes and serve as the leading parameter on safety.

Subgroup analysis and investigation of heterogeneity

We specified and expanded subgroup analyses of mortality as follows.

• Severity of oxygenation impairment (as PaO2/FiO2 ratio) at baseline (< 100 mmHg; 100 mmHg to 200 mmHg, 201 mmHg to 300 mmHg).

• Duration of ARDS (spontaneous breathing activity within 48 hours versus aLer 48 hours of ARDS onset).

Sensitivity analysis

We decided to additionally conduct sensitivity analyses for the following potential confounders.

• Risk of bias domains (studies with a low risk of bias or some concerns versus studies with a high risk of bias).

• Studies using NMBA in addition to deep sedation level alone to avoid spontaneous breathing.

• Comparison of preprints versus peer-reviewed articles.

Considering studies using NMBA in addition to deep sedation level alone to avoid spontaneous breathing, there is evidence that deep
sedation itself has negative eCects on outcomes in invasively ventilated people. Therefore, performing this sensitivity analysis we aim to
distinguish between specific eCects of NMBAs and eCects of deep sedation levels.

I N D E X   T E R M S

Medical Subject Headings (MeSH)

*COVID-19  [complications];  Neuromuscular Blocking Agents;  Respiration, Artificial;  *Respiratory Distress Syndrome  [virology];  SARS-
CoV-2;  Systematic Reviews as Topic

MeSH check words

Humans
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