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Abstract

Background: Coronavirus disease 2019 (COVID-19) pandemic has caused unprecedented pressure on healthcare
system globally. Lack of high-quality evidence on the respiratory management of COVID-19-related acute respiratory
failure (C-ARF) has resulted in wide variation in clinical practice.

Methods: Using a Delphi process, an international panel of 39 experts developed clinical practice statements on the
respiratory management of C-ARF in areas where evidence is absent or limited. Agreement was defined as achieved
when >70% experts voted for a given option on the Likert scale statement or >80% voted for a particular option in
multiple-choice questions. Stability was assessed between the two concluding rounds for each statement, using the
non-parametric Chi-square (x°) test (p < 0-05 was considered as unstable).

Results: Agreement was achieved for 27 (73%) management strategies which were then used to develop expert
clinical practice statements. Experts agreed that COVID-19-related acute respiratory distress syndrome (ARDS) is
clinically similar to other forms of ARDS. The Delphi process yielded strong suggestions for use of systemic corticos-
teroids for critical COVID-19; awake self-proning to improve oxygenation and high flow nasal oxygen to potentially
reduce tracheal intubation; non-invasive ventilation for patients with mixed hypoxemic-hypercapnic respiratory

failure; tracheal intubation for poor mentation, hemodynamic instability or severe hypoxemia; closed suction systems;
lung protective ventilation; prone ventilation (for 16-24 h per day) to improve oxygenation; neuromuscular blocking
agents for patient-ventilator dyssynchrony; avoiding delay in extubation for the risk of reintubation; and similar timing )
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or the choice of personal protective equipment.

mechanical ventilation

of tracheostomy as in non-COVID-19 patients. There was no agreement on positive end expiratory pressure titration

Conclusion: Using a Delphi method, an agreement among experts was reached for 27 statements from which 20
expert clinical practice statements were derived on the respiratory management of C-ARF, addressing important deci-
sions for patient management in areas where evidence is either absent or limited.

Trial registration: The study was registered with Clinical trials.gov Identifier: NCT04534569.

Keywords: Respiratory distress syndrome adult, COVID-19 ventilatory management, COVID-19 respiratory
management, COVID-19 acute respiratory distress syndrome, COVID-19 high flow nasal oxygen, COVID 19 invasive

Introduction

Infection with the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) has emerged as a pandemic,
resulting in unprecedented pressure on healthcare sys-
tems globally. Although most patients present with mild
symptoms including fever and malaise, 8—32% of patients
presenting to hospital may require admission to the
intensive care unit (ICU) [1-3], depending on the admis-
sion criteria and available resources, with an ICU mortal-
ity of 34-50% [3, 4].

Patients with coronavirus disease 2019 (COVID-19)
acute respiratory failure (C-ARF) who are admitted to
the ICU with hypoxaemia typically require some form
of respiratory support [5]. COVID-19-related acute res-
piratory distress syndrome (ARDS) may differ from other
causes of ARDS, since patients may present with pro-
found hypoxaemia accompanied by a wide range of res-
piratory compliance [6—8]. However, whether ARDS due
to COVID-19 is clinically similar to other forms of ARDS
remains a matter of debate [7, 9-11]. Consequently, there
is no uniform agreement on the optimal management of
respiratory failure, including the most appropriate oxy-
genation and ventilation strategies that limit or prevent
additional lung injury or other complications in these
patients.

There are few published randomised controlled trials
(RCTs) related to the respiratory management of C-ARF.
As a result, clinical practice variations in the manage-
ment of C-ARF exist, making the optimal therapeutic
management unclear [12]. Given the dearth of evidence,
we aimed to achieve agreement on the respiratory man-
agement of C-ARF using a Delphi process, defined by at
least 70% agreement among experts who met pre-speci-
fied qualification criteria.

Methods

Delphi process

A steering committee of 10 critical care physicians
actively involved in the management of patients with
C-ARF was formed in August 2020. A Delphi pro-
cess was used to generate agreement on the respiratory

management of C-ARF [13, 14]. The study was registered
with Clinical trials.gov Identifier: NCT04534569.

The steering committee recruited and convened an
international group of intensivists with expertise in the
field of acute respiratory failure. E-mail invitations were
sent to 60 global experts to participate in the Delphi pro-
cess. Upon acceptance, experts were included in the Del-
phi process to generate agreement. Surveys disseminated
to the experts were prepared using Google Forms. The
steering committee members did not participate in the
Delphi process.

The overall scope of the project was determined
through a search and review of available literature on
C-AREF, published between 1° January and 3" Septem-
ber 2020 by the steering committee (Additional file 1).
A list of interventions for the respiratory management
of C-ARF was prepared in areas where the committee
felt clear evidence was lacking. The list was presented
to experts in the form of a survey questionnaire, which
included five sections: non-invasive respiratory interven-
tions; invasive mechanical ventilation; refractory hypox-
aemia; infection control; weaning and tracheostomy. The
experts subsequently responded to several rounds of sur-
vey questionnaires conducted using an iterative approach
using the Delphi method, to prioritise topics for inclu-
sion, which were repeated until agreement and stability
were achieved. Complete details of the Delphi process are
given in Additional file 2.

Agreement and stability

For statements with responses on an ordinal 7—point Lik-
ert scale, ‘agreement’ was defined as a score of 5-7, ‘neu-
tral’ by a score of 4 and ‘disagreement’ by a score of 1-3.
Agreement was defined as achieved when>70% experts
voted for a given option on the Likert scale for a state-
ment [13, 14]. Median and interquartile range (IQR) were
used to describe the central tendency and dispersion of
responses. For multiple-choice questions (MCQs), agree-
ment was defined as achieved if >80% experts voted for a
particular option. Stability in the responses was assessed
from round three onwards. Stability was assessed
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between the two concluding rounds for each statement,
using the non-parametric Chi-square (y°) test. p<0-05
was considered as a significant variation or unstable.
Data from the last stable questionnaire round of the Del-
phi process for each statement were included for prepar-
ing the final clinical statements.

Expert clinical practice statements

Expert clinical practice statements were derived by the
steering committee from the clinical statements that
generated agreements through the Delphi process. The
expert clinical practice statements were considered to
be “strong statements” when a median of >6 or<2 on
the Likert scale or>90% votes for any MCQ option were
achieved [14]. For the expert clinical practice statements,
the term “should” was used for the strong statements and
“may” was used for the other statements.

The final results of this survey and the expert clinical
practice statements were circulated among the experts.
The manuscript was circulated among the experts
for editing and approval before it was submitted for
publication.

Results

Of the 60 experts invited, 39 (65%) from 20 different
countries and six continents participated in the Del-
phi process (Fig. 1); and 37 (95%) completed all rounds
of the Delphi process. Median age of the experts was 53
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(13) years and 5 (13%) were female. The majority (92%)
were affiliated with university hospitals; and their median
h-index was 33 (11-100).

Five survey questionnaire rounds were conducted
between 4th September and 5th October 2020. Details of
the Delphi rounds are provided in Fig. 2. The results of
all 37 survey questionnaire statements used in the Delphi
process are given in Table 1. At the end of the Delphi pro-
cess, 27 statements (73%) achieved agreement and stabil-
ity from which 20 expert clinical practice statements were
prepared (Fig. 3). Reports of the first four survey rounds
are provided in the online supplement (Additional file 3:
Survey Report 1, Additional file 4: Survey Report 2, Addi-
tional file 5: Survey Report 3, and Additional file 6: Sur-
vey Report 4).

Expert clinical practice statements

Our study rapidly conducted a survey of recognised
international experts using the Delphi process, generat-
ing 27 statements with large agreement on the respira-
tory management of C-ARE. From these statements, 20
expert clinical practice statements were derived, address-
ing critical knowledge gaps in clinical management. The
experts made a number of important and relevant rec-
ommendations specific to C-ARF covering invasive and
non-invasive respiratory support, pharmacology, airway
management, infrastructure and recovery.
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Fig. 1 Geographical distribution of countries represented by the experts. KSA: Kingdom of Saudi Arabia; UK: United Kingdom; USA: United States of
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N=60 Experts Invited
No Response N=19 _ 8.9 .
e Partmlpatlng Experts

Open Round (PICO format) R()U‘nd 1

46 Questions (27 Likert scale, 19 MCQ) Ne39 Delphi Rounds

9 Generated consensus e J

-

533 Comments incorporated
37 Questions (18 Likert scale, 19 MCQ)
18 Generated consensus

Round 2
N=39

Ambiguity in statements corrected

37 Questions (18 Likert scale, 19 MCQ)
25 Generated consensus

Comparison and Outcome

Unstable statements sent
11 Questions (5 Likert scale, 6 MCQ)
27 Generated consensus

Round 3
N=38
[

Round 4
N=37

Unstable statements sent
2 Questions (1 Likert scale, 1 MCQ)

Round 5
N=37

27 Generated consensus

27 (73%) out of 37 statements Consensus and stability

achieved consensus and stability

Fig. 2 Flow diagram of the steps of the Delphi process. N: number of experts; MCQ: multiple choice question; PICO: Patient problem, Intervention:

The Delphi methodology is a well-recognized process
to generate guidance based on consensus using collective
intelligence [13, 14]. The expert clinical practice state-
ments address important bedside decisions for patient
management in areas where the current evidence is
either absent or limited. These expert statements along
with a discussion of the available literature are detailed
below.

Is COVID-19-related ARDS similar to other forms of ARDS?
Expert statement

COVID-19-related ARDS is clinically similar to other
forms of ARDS.

Discussion

The pathophysiology of COVID-19 involves SARS-
CoV-2 invasion of host cells using angiotensin convert-
ing enzyme 2 (ACE2) receptor present in lungs and
other organs. The viral invasion is followed by replica-
tion in type II alveolar pneumocytes that induces a dys-
regulated host immune response which in turn causes
alveolar damage and ARDS [15]. Lung autopsy studies
in patients who died from COVID-19 demonstrate dif-
fuse alveolar damage along with significant endotheliitis
and microthrombi in the pulmonary microvascula-
ture [16-18]. Diffuse alveolar damage and alveolar

haemorrhage with capillary damage are also noted in
patients with non-COVID-19-related ARDS [18, 19]. In
a cohort of 31 patients with COVID-19, higher lung com-
pliance and volumes were found compared to patients
with non-COVID-19 ARDS for a given PaO2/FiO2 [6, 8,
20]. This created the controversy that the pathophysiol-
ogy of COVID-19-related ARDS is different from con-
ventional ARDS [6, 7, 9-11]. Though there may be some
differences in the pathophysiology of COVID-19 and
non-COVID-19 ARDS, the clinical presentation is similar
[16-18]. The respiratory mechanics of ventilated patients
with C-ARF were noted to be similar to classical ARDS in
larger observational multicentre studies [21-23]. Further
studies incorporating lung imaging and perfusion analy-
sis will better address this important pathophysiological
and clinical issue in future.

Corticosteroids
Expert statement
Systemic corticosteroids should be used in patients with
critical COVID-19.

Dexamethasone is the preferred choice of systemic cor-
ticosteroids in patients of C-ARF.

The daily dose of dexamethasone should be 6 mg.

The preferred duration of systemic corticosteroids is
5-10 days.
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Table 1 Consensus and stability analysis of the clinical statements on the respiratory management of C-ARF

Agree. (%) Neutral (%) Disagree. (%) Median (IQR) xzp-value

Section-1: Non-invasive respiratory interventions

1.The pathophysiology of C-ARF is similar to that of ARDS 86.5 0 13.5 5(0) 0.05

2. Based on your experience, awake self-proning may improve oxygenationin  91.9 8.1 0 5(1) 1.0
patients with C-ARF

3. Based on your experience, awake self-proning may prevent the need for 54.0 35.1 109 5(1) 0.71
invasive mechanical ventilation in patients with C-ARF*

4. In which of the following clinical scenarios should awake self-proning be NA 0.21
initiated in patients with C-ARF?

Supplemental oxygen required to maintain SpO, >90% 97.8

Moderate-to-severe COVID-19 73

Increased work of breathing (observed subjectively) 459

Tachypnea (respiratory rate > 30/min) 378

Never 0

5.HFNO can be considered as an alternative strategy for oxygen support 973 2.7 0 6 (0) 0.09
before invasive mechanical ventilation

6.When do you initiate HFNO in patients with C-ARF? NA 0.28

Unable to maintain SpO, >90% using high flow oxygen delivery device 97.3
through a mask

Increasing oxygen requirement 81.1

Moderate-to-severe COVID-19 73

Tachypnea (respiratory rate > 30/min) 56.8

Increased work of breathing (observed subjectively) 54.1

Never 0

7.Based on your experience, HFNO may avoid the need for tracheal intubation  81.1 189 0 5(0) 0.35
and invasive mechanical ventilation in patients with C-ARF

8. NIV can be considered as an alternative strategy for oxygen support before  64.8 18-9 163 5() 0.88
invasive mechanical ventilation*

9. NIV may be considered in the following clinical scenarios in patients with NA 044
C-ARF?

Mixed Respiratory failure (hypercapnia and hypoxemia) 94.6

Increased work of breathing (observed subjectively) 81.1

Unable to maintain SpO, more than 90% with high flow oxygen delivery 67.6
through a mask

Moderate-to-severe COVID-19 59.5

Tachypnea (respiratory rate > 30/min) 514

Unable to maintain Spo2 more than 90% with HFNO 459

10. Based on your experience, NIV may avoid the need for tracheal intubation ~ 64.8 216 135 5(1) 0.06
and invasive mechanical ventilation in patients with C-ARF*

11.The use of systemic corticosteroids could potentially avoid the need for 86.5 10.8 0.27
tracheal intubation and invasive mechanical ventilation in C-ARF

12. In which clinical context would you choose to initiate corticosteroids in NA 0.35
C-ARF?

Critical COVID-19 91.9

Oxygen requirement to maintain SpO, more than 92% 73

Moderate-to-severe COVID-19 757

All patients with C-ARF 378

Taking into consideration of inflammatory markers (CRP etc.) 243

Never 0

13. Which corticosteroid is your preferred choice in patients with C-ARF? NA 0.30

Dexamethasone 86.5

Methylprednisolone 16.2

Type of steroid is immaterial 16.2
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Table 1 (continued)

Page 6 of 17

Agree. (%) Neutral (%) Disagree. (%) Median (IQR) xzp-value

Hydrocortisone

14. What daily dose of corticosteroid (equivalent dose of dexamethasone) you
prescribe for C-ARF?

6 mg (equal to 8 mg of dexamethasone phosphate)
7 mg-20mg

>20mg

Other

15. What duration of corticosteroid use would you prefer for patients with
C-ARF?

5-10 days

Extended duration for more than 10 days depending on the clinical response
11-14 days

More than 14 days

Section-2: Invasive mechanical ventilation

1. Which of the following options may be considered as an appropriate trigger
for tracheal intubation in C-ARF?

Altered mental status
Hemodynamic instability

Failure to maintain SpO, >90% with other non-invasive respiratory interven-
tions

Persistent respiratory distress

PaO,/FiO, less than 100

Increased work of breathing (observed subjectively)

Pa02/FiO2 less than 200

Tachypnea (respiratory rate > 30/min)

2."Lung protective ventilation”should be used for patients with C-ARF on IMV

3. Alow PEEP strategy (< 10 cm of H20) is usually considered during IMV of
C-ARF*

4. How would you select PEEP in a patient of C-ARF on invasive mechanical
ventilation with thorax CT scan showing bilateral pulmonary infiltrates,

PaO,/FiO, ratio less than 100 mm Hg, plateau pressure 27 cm of H,O and
PEEP of 6 cm of H,07*

Obtaining the best static compliance or lowest driving pressure

Recruitment manoeuvre followed by PEEP set to either optimal SpO, or static
lung compliance

Incremental PEEP to target plateau pressure less than 30 cm H,0
Using ARDS-net protocol PEEP tables

Based on pressure-volume curve

Using esophageal balloon

Other

5.NMBA may be considered during early phase of the invasive mechanical
ventilation of C-ARF to avoid patient-ventilator dyssynchrony

6.The invasive mechanical ventilation strategy in C-ARF should be targeted to
the following?

Tidal volume 4-6 ml/kg of predicted body weight
Plateau pressure <30 cm of H,0O

Driving pressure <15 cm of H,0

Oxygenation (PaO,/FiO, ratio)

Tidal volume 7-8 ml/kg of predicted body weight
Other

Section-3: Refractory hypoxemia

54

919
10.8
2.7

86.5

2.7
2.7

91.9

81.1

784
67.6
62.2
189
38

100
29.7

541
40.5

40.5
378
29.7
16.2
8.1

89.1

89.2
89.2
784
294
10.8

8.2

2.7

NA

NA

NA

0.05

1.0
0.003

NA

0-74

094
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Agree. (%) Neutral (%) Disagree. (%) Median (IQR) xzp-value

1.The use of RM in patients with refractory hypoxemia in the setting of C-ARF
needs to be personalized to the individual patient in view of its potential
deleterious effects

2. Prone position during invasive mechanical ventilation of C-ARF improves
oxygenation

3. Prone position during invasive mechanical ventilation of C-ARF is effective
when done for (duration per session)?

16-24 h
12-15h
>24h
12-16h

4. Advanced invasive mechanical ventilation (APRV, PRVC, etc.) modes may be
beneficial in refractory hypoxemia with C-ARF*

5.The following adjuvant therapies are effective in refractory hypoxemia with
C-ARF?*

None

Inhaled nitric oxide
Other

Nebulized prostacyclin

6. V-V ECMO may be considered in C-ARF patients on invasive mechanical
ventilation?

Only in patients with refractory hypoxemia, who do not respond to other
adjuvant therapies

Depending on the national/institutional policy and judicious resource alloca-
tion decision

Only in patients who have failed or have a contraindication to prone position-
ing

Early in patients with C-ARF without a trial of prone positioning

Cannot comment

Never

Section-4: Infection control

1.The following are considered as aerosol-generating procedures (AGPs)?

Tracheal intubation

Tracheostomy

Bronchoscopy

Tracheal extubation

Bag and mask ventilation

Non-invasive ventilation

Open suctioning (oral or tracheal)

Nebulization

High-flow nasal oxygen therapy

Chest physiotherapy

Invasive mechanical ventilation

2. HFNO produces less aerosols as compared to NIV with face mask*

3.The following measures may be considered in the ICU to prevent cross-
transmission of SARS-CoV-27?

Closed suction system

Airborne infection isolation room

Video laryngoscopy over conventional laryngoscopy for intubation
Heat and moisture exchange filters

Ventilatory circuit modification for NIV /invasive mechanical ventilation
Increasing outdoor air ventilation rates (opening windows of ICU)

89.2

97.3

94.6
16.2
54

16.3

541
459
54
8.1

83.8

62.2

459

100
100
100
973
973
973
97.3
94.6
81.1
64.9
10

378

100
89.2
86.5
62.2
54.1
514

54 54 5() 0.26
2.7 0 6 (1) 0.09
NA 0.25
432 405 4(2) 0.03
NA 0.1
NA 048
NA 0.54
54.1 8.1 4(1) 0.002
NA 0.66
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Table 1 (continued)

Agree. (%) Neutral (%) Disagree. (%) Median (IQR) xzp-value

NIV with helmet 486

Subglottic secretion drainage endotracheal tube 324

Intubation boxes 351

Delaying tracheal extubation up to ten days 2.7

Which personal protective equipment is acceptable for use during an AGP in NA 0.08
U

Coverall, goggles or face shield, surgical gloves and N95 (FFP 2) mask 64.9

Coverall, surgical gloves, N95 (FFP 2) mask, goggles and face shield 595

Coverall, goggles or face shield, surgical gloves and FFP 3 mask 459

Coverall, surgical gloves and powered air-purifying respirator (PAPR) 40.5

PAPR and surgical gloves 8.1

Coverall, goggles or face shield, surgical gloves and surgical mask 2.7

N95 and surgical gloves 0

Section-5: Weaning and tracheostomy

1. Which weaning strategy would you prefer for liberation from invasive NA 033
mechanical ventilation in patients with C-ARF?

Pressure support ventilation trial for 30 minto 2 h 89.2

Protocolized weaning 27

T-piece trial for 30 minto 2 h 135

Automated weaning protocol on mechanical ventilation 8.1

2. Chest physiotherapy could be beneficial in patients with C-ARF* 62.2 324 54 5() 0.20

3. Early mobilization of patients is beneficial in patients on respiratory support  94.6 54 0 5(1) 0.16
for C-ARF

4. Delay in liberation from invasive mechanical ventilation has lower risk of 2.7 243 73 2(2) 038
reintubation in patients with C-ARF

5.When should tracheostomy be considered to facilitate weaning from inva- NA 0.80
sive mechanical ventilation?

Same timing as in a non-COVID-19 patient 91.9

Failed tracheal extubation 13.5

Later than you would perform in a non-COVID-19 patient 10.8

Earlier than you would perform in a non-COVID-19 patient 0

Which of the following technique of performing tracheostomy is preferred in NA 042
patients with C-ARF?

Percutaneous tracheostomy with or without guidance (ultrasound or bron- 89.2
choscopic)

Surgical tracheostomy in the operation theatre 249

Surgical tracheostomy at the bed side 16.2

Other 2.7

Likert scale responses are presented as a percentage of agreement, neutral and disagreement

Options of the multiple-choice type statements are presented in descending order of consensus

Consensus was achieved when there was >70% agreement/disagreement for the Likert scale and >80% for multiple-choice type statements
*Clinical statements that did not reach consensus

Median and interquartile range (IQR) were used to describe the central tendency of responses and dispersion along the central value

p value was calculated using x* Chi-square. p value was a measure of stability in responses between the two concluding rounds for each statement. p <0-05 was
considered as a significant variation or unstable

Critical COVID-19 is used for ARDS (as per the Berlin definition), sepsis and septic shock (WHO severity definition for COVID-19)2*

Agree: agreement; Disagree: disagreement; IQR: interquartile range; C-ARF: COVID-19-related acute respiratory failure; ARDS: acute respiratory distress syndrome;
HFNO: high-flow nasal oxygen; NIV: non-invasive ventilation; COVID-19: coronavirus disease 2019; PEEP: positive end expiratory pressure; CT: computed tomography;
NMBA: neuromuscular blocking agent; APRV: airway pressure release ventilation; PRVC: pressure-regulated volume control; V-V ECMO: veno-venous extracorporeal
membrane oxygenation; AGP: aerosol-generating procedure; ICU: intensive care unit; SARS-CoV-2: severe acute respiratory syndrome coronavirus 2; FFP: filtering face
piece; PAPR: powered air-purifying respirator.
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Expert Clinical Practice Statements @E@

Awake self proning may be considered to improve oxygenation. It should be used when supplemental oxygen is required to

HFNO should be considered as an alternative strategy for oxygen therapy*

HFNO should be used in patients who are unable to maintain SpO2 >90% using high flow oxygen delivery through a
mask* and may also be used in patients who have increasing oxygen requirement

HFNO may be useful to avoid the need for tracheal intubation and invasive mechanical ventilation

NIV use should be considered in patients with mixed respiratory failure* and may also be used for progressively increasing

Tracheal intubation and initiation of invasive mechanical ventilation should be considered in patients with altered mental
status* and may also be considered in hemodynamically unstable patients or when other non-invasive respiratory

A lung protective ventilation strategy should be used in patients on invasive mechanical ventilation *
NMBA should be considered during the early phase of invasive mechanical ventilation in case of patient-ventilator

Prone ventilation in patients on invasive mechanical ventilation should be used for a duration of 16-24 hours per session, to

. Recruitment manoeuvres may be considered in select patients on invasive mechanical ventilation, in view of their potential

. V-V ECMO may be considered in patients with refractory hypoxemia who do not respond to other adjuvant therapies

. Liberation from invasive mechanical ventilation should not be delayed, in order to reduce the risk of reintubation*
. A PSV trial (for 30 minutes to two hours) may be preferred over other weaning strategies for liberation from invasive

. The timing of tracheostomy, to facilitate weaning from invasive mechanical ventilation, should be the same as in a non-

. Percutaneous tracheostomy (with or without guidance of ultrasound or bronchoscopy) may be preferred over other

. Systemic corticosteroids should be considered in patients with critical COVID-19, to avoid the need for tracheal intubation

. Dexamethasone may be preferred over other systemic corticosteroids and should be used at a dose of 6 mg*daily for 5-10

. Bag and mask ventilation*, nebulization*, HFNO, NIV*, tracheal intubation*, open suctioning*, bronchoscopy*, tracheal

extubation*, and tracheostomy may be considered as aerosol generating procedures in ICU

. Airborne infection isolation rooms and videolaryngoscopes may be considered during tracheal intubation.; a closed suction

system* should be considered to reduce cross-transmission of SARS-CoV-2 in ICU

Fig. 3 Expert clinical practice statements for the respiratory management of COVID-19-related acute respiratory failure. *Strong statement (a
median of > 6 or <2 on the Likert scale or>90% votes for any MCQ option were achieved). HFNO: high flow nasal oxygen; NIV: non-invasive
ventilation; NMBA: neuromuscular blocking agent; PEEP: positive end-expiratory pressure; VV-ECMO: veno-venous extracorporeal membrane
oxygenation; PSV: pressure support ventilation; COVID-19: coronavirus disease 2019; ICU: intensive care unit; SARS-CoV-2: severe acute respiratory
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Discussion

There is a strong suggestion for the use of systemic corti-
costeroids in critical COVID-19 [World Health Organisa-
tion (WHO) definition for COVID-19-ARDS, sepsis and
septic shock] to reduce the need for invasive mechanical
ventilation [24]. Experts preferred the use of dexametha-
sone at a dose of 6 mg daily for a duration of 5-10 days,
as used in the RECOVERY trial over other corticoster-
oids, higher dose and longer duration [25]. The RECOV-
ERY trial and subsequent trials on corticosteroids in
COVID-19 found a mortality benefit with its use [25-27].

However, some questions remain unanswered, such as
the type, duration of corticosteroid therapy, timing of ini-
tiation and role of a higher dose [28]. The results of ongo-
ing trials (ClinicalTrials.gov Identifier NCT04395105 and
NCT04509973) will provide further information.

Awake self-proning

Expert statement

Awake self-proning may improve oxygenation when used
in patients with C-ARF requiring supplemental oxygen to
maintain oxygen saturation (SpO,) > 90%.
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Discussion

Use of early prone position in patients with severe ARDS
on invasive mechanical ventilation has been shown to sig-
nificantly reduce mortality [28]. Though small observa-
tional studies in non-COVID-19 [29] and COVID-19 [30,
31] patients have reported improvements in oxygenation
with awake self-proning, its impact on reducing tracheal
intubation or mortality is unknown. Studies have shown
either conflicting results or are difficult to interpret, as
awake self-proning was used in combination with other
non-invasive respiratory support [29-31]. In addition,
there is a concern about delaying intubation in patients
in whom awake self-proning is used [32]. Ongoing RCTs
on awake self-proning in C-ARF (ClinicalTrials.gov Iden-
tifier NCT04395144, NCT04347941, NCT04350723) may
provide further guidance.

High Flow Nasal Oxygen (HFNO)

Expert statement

HENO therapy should be considered as an alternative
strategy for oxygen support.

HEFNO should be used in patients who are unable to
maintain SpO2>90% using oxygen delivery through a
venturi mask or may be used in patients with increasing
oxygen requirement.

HENO may avoid the need for tracheal intubation and
invasive mechanical ventilation in patients with C-ARF.

Discussion

HFNO and non-invasive ventilation (NIV) [full-face mask
or nasal mask delivering pressure support plus positive
end-expiratory pressure (PEEP)] were initially avoided
in patients with C-ARF due to the concern around infec-
tious aerosol generation. However, limited availability of
invasive ventilators and ICU beds, favourable experience
in small studies and increasing availability of personal
protective equipment (PPE) have led to increased use of
non-invasive therapies [33—35]. Patients on non-invasive
respiratory support need continuous monitoring to avoid
any delays in tracheal intubation. A recent clinical prac-
tice guideline gave a strong recommendation for the use
of HENO over conventional oxygen therapy in patients
with acute hypoxemic respiratory failure (AHRF) to
prevent tracheal intubation [36]. Though there has been
conflicting evidence regarding the use of HFNO to pre-
vent invasive mechanical ventilation in C-ARF, experts
recommended its use [37-39]. However, robust studies
regarding the risk of aerosol dispersion, optimal settings,
comparison with other non-invasive respiratory supports
and outcomes are lacking in C-ARF patients.
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Non-invasive ventilation and continuous positive airway
pressure (CPAP)

Expert statement

NIV should be considered in patients with mixed res-
piratory failure (hypercapnia and hypoxemia) and may be
used in patients with increased work of breathing which
is observed subjectively.

Discussion

NIV failure and higher ICU mortality were observed in
patients with moderate-to-severe ARDS in a sub-analysis
of the LUNG SAFE study including 2813 non-COVID
patients receiving NIV [40]. There are inconclusive
data regarding the role of NIV in reducing the need for
invasive mechanical ventilation or mortality in C-ARF
patients, from small retrospective studies [41, 42]. CPAP
was used in small retrospective studies with some ben-
efit in reducing tracheal intubation in mild-to-moderate
COVID-19-related ARDS [43, 44]. Helmet CPAP is also
used for management of C-ARF and recommended
over HENO to limit the exposure of healthcare work-
ers (HCW) to aerosols [45]. However, the evidence on
effectiveness of helmet CPAP in C-ARF in reducing the
need of tracheal intubation is conflicting [46, 47]. In addi-
tion, the helmet interface may not be universally avail-
able. Future trials comparing HFNO with helmet CPAP
may settle this debate. (ClinicalTrials.gov Identifier
NCT04395807).

Tracheal intubation

Expert statement

The appropriate triggers for tracheal intubation include
altered mental status, hemodynamic instability and fail-
ure to maintain SpO2>90% with non-invasive respira-
tory interventions.

Discussion

The decision for tracheal intubation in patients receiving
non-invasive respiratory support is challenging, requir-
ing a fine balance between early intubation and risks
of invasive mechanical ventilation versus the adverse
effects of delaying intubation. The impact of early versus
delayed tracheal intubation has not been compared in
patients with C-ARF. The decision for tracheal intuba-
tion in COVID-19 patients may be best determined using
a combination of factors that include clinical acumen,
oxygen saturation, dyspnoea and respiratory rate [48,
49]. Experts recommended the use of clinical criteria to
be preferred over the use of arterial blood gas or imaging
findings to determine the need for tracheal intubation.
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Lung protective ventilation

Expert statement

Lung protective ventilation (LPV) should be used for
patients with C-ARF on IMV.

The targets for LPV in C-ARF include tidal volume
of 4-6 ml/kg of predicted body weight, plateau pres-
sure <30 cm of H,O and driving pressure <15 cm of
H20.

Discussion

Experts agreed that the COVID-19-related ARDS is clini-
cally similar to other forms of ARDS; hence, there was a
full agreement for the use of lung protective ventilatory
strategies (tidal volume 4-6 mL/kg of predicted body
weight and plateau pressure <30 cm of H,0). Severe
hypoxaemia with near normal respiratory system compli-
ance, a combination rarely seen in ARDS, had been noted
in small studies [6, 7]. However, in large observational
multicentre studies, the respiratory mechanics of venti-
lated patients with COVID-19-related ARDS were noted
to be similar to non-COVID-19 ARDS [20-22].

Recruitment manoeuvres

Expert statement

Recruitment manoeuvres may be considered only in
selected patients with C-ARF on invasive mechanical
ventilation, in view of their potential deleterious effects.

Discussion

Diffuse alveolar damage, endotheliitis and microthrombi
in pulmonary microvasculature have been reported in
small autopsy studies of COVID-19 patients [16-18].
Microthrombi causing hypoxaemia will not respond to
PEEP or a recruitment manoeuvre. The experts suggested
that recruitment manoeuvres, if ever used should be
individualised, in view of the potential harmful effects as
seen in non-COVID-19-related ARDS [50, 51].

Neuromuscular blocking agents (NMBA)

Expert statement

NMBA may be considered during the early phase of inva-
sive mechanical ventilation in case of patient-ventilator
dyssynchrony.

Discussion

Recent meta-analyses have not demonstrated unambigu-
ous benefits on important patient outcomes with the use
of NMBA in non-COVID ARDS [52, 53]. It is possible
that the impact of NMBA infusion on mortality depends
on the strategy used in the control arm. The strong sug-
gestion in favour of the use of NMBA by our experts, in
case of patient-ventilator dyssynchrony contrasts with
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this lack of certainty and may be supported by the rela-
tive safety demonstrated so far. Clinical experience from
around the world over the last year has demonstrated
that it can be difficult to ventilate these patients in the
very acute phase without NMBA, thus the apparent dis-
cordance between the recommendation of the experts
and the literature in non-COVID-19 patients. How-
ever, recent guidelines recommend the use of an NMBA
infusion for 48 h in patients with refractory hypoxemia
despite deep sedation to facilitate lung protective ventila-
tion strategy or prone positioning and/or when there is
high respiratory drive despite optimal sedation [54, 55].
There are no published trials evaluating the use of NMBA
on outcomes of ventilated patients with C-ARF.

Prone ventilation

Expert statement

Prone position in patients with C-ARF on invasive
mechanical ventilation should be used for a duration of
16-24 h per session to improve oxygenation.

Discussion

Prone position for ventilated patients with C-ARF was
strongly suggested by experts, for a duration of 16-24 h
per session, similar to the indication in non-COVID-
19-related ARDS [28, 53, 56].

Veno-Venous extracorporeal membrane oxygenation (V-V
ECMO)

Expert statement

V-V ECMO may be considered in patients with refrac-
tory hypoxemia on invasive mechanical ventilation, who
do not respond to other adjuvant therapies.

Discussion

These recommendations are in agreement with the
WHO and extracorporeal life support organisation
(ELSO) guidelines for the management of COVID-19 [24,
57]. Though higher mortality was reported during initial
days of the pandemic, there is increasing experience and
evolving evidence showing favourable outcomes with
ECMO in COVID-19 patients [58-60]. In a recent meta-
analysis, the 90-day mortality was lower in non-COVID-
19-related ARDS patients on ECMO as compared to
conventional ventilation [61]. In the EOLIA trial, the
greatest benefit of V-V ECMO was seen in patients with
moderate-to-severe ARDS or severe respiratory acido-
sis after optimisation of ventilator settings [62]. Experts
recommend V-V ECMO for patients with refractory
hypoxemia when lung protective ventilation and prone
ventilation have failed or the latter is contraindicated.
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Infection control

Expert statement

Bag mask ventilation, HENO, NIV, tracheal intubation,
open suctioning, bronchoscopy, tracheal extubation and
tracheostomy may be considered as aerosol-generating
procedures in and outside the ICU.

Airborne infection isolation rooms and video laryn-
goscopes may be considered during tracheal intubation;
a closed suction system should be considered to reduce
cross-transmission of SARS-CoV-2 in the ICU.

Discussion

There is limited evidence regarding aerosol-generating
procedures, or the use of airborne infection isolation
rooms, use of video laryngoscopes during tracheal intu-
bation and closed suction systems to mitigate aerosol
generation in COVID-19 patients [35, 63, 64]. Simulation
studies on aerosol production during tracheal intuba-
tion and extubation have provided divergent results [65,
66]. There is conflicting evidence on aerosol generation
with NIV or HENO [35, 67, 68]. The experts have taken
a conservative approach, labelling procedures as aero-
sol generating, until robust evidence is generated to the
contrary.

Weaning from invasive mechanical ventilation
Expert statement
Weaning should not be delayed, for the threat of the risk
of reintubation.

A pressure support ventilation trial for 30 min to 2 h
may be preferred over other weaning strategies.

Discussion

Weaning and extubation (in particular the strategy
of delaying weaning) are very relevant to COVID-19
patients, due to concerns of the increased risk of aero-
sol exposure to the healthcare worker, if there is failure
of tracheal extubation and need for a reintubation. In
addition, there are concerns of aerosol generation with
the use of the open T-piece as compared to pressure sup-
port ventilation. Nevertheless, the experts were strongly
against delaying extubation in order to potentially reduce
risks of later reintubation, suggesting the use of similar
criteria as in non-COVID-19 patients [69]. The recom-
mendation regarding the weaning strategy is consistent
with recent evidence supporting pressure support ven-
tilation for 30 min over T-piece for two hours, although
this is not universally accepted [70, 71].
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Early mobilisation

Expert statement

Early mobilization may be beneficial in patients on res-
piratory support for C-ARFE.

Discussion

Experts suggested that early mobilisation may be benefi-
cial in patients with C-ARF receiving respiratory support;
given the evidence that early mobilisation of ICU patients
has significant benefits [72].

Tracheostomy
Expert statement
The timing of tracheostomy to facilitate weaning from
mechanical ventilation should be the same as in non-
COVID-19 patients.

Percutaneous dilatational tracheostomy (PDT) with or
without guidance (using ultrasound or bronchoscopic)
may be preferred over other techniques.

Discussion

The timing and technique of tracheostomy, due to pos-
sible aerosol generation or dispersion, have generated
intense debate among clinicians [73]. The safe period for
performing a tracheostomy in COVID-19 patients is rec-
ommended to be 10-21 days after tracheal intubation to
reduce infectious risk. [73]. However, no increased risk of
infection to healthcare workers was observed, when clini-
cal judgment-based instead of fixed timing tracheostomy
was performed with appropriate PPE use [72]. Modifica-
tions to tracheostomy techniques are recommended in
COVID-19 patients to reduce aerosolisation risk [75].
Although surgical tracheostomy was recommended over
PDT, based on experiences from the SARS epidemic, the
use of PDT in COVID-19 patients has not shown any
increased risk to healthcare workers till date [74].

Dissensus among the experts on the respiratory
management of C-ARF
The following clinical statements did not achieve the
desired agreement and stability despite several iterative
Delphi rounds. This reflects existing areas of uncertainty.

There was no agreement among the experts that awake
self-proning may prevent the need for invasive mechani-
cal ventilation. Experts did not recommend the use of
NIV in all patients with C-ARF as an alternative strat-
egy for oxygen support or to avoid the need for invasive
mechanical ventilation, unlike with HFNO. In addition,
the experts did not agree that HFNO produces fewer aer-
osols as compared to NIV with face mask.

There was disagreement for the use of non-conven-
tional modes of mechanical ventilation including airway
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Table 2 Research priorities in COVID-19-related acute respiratory failure

Pathophysiology

Awake self-proning

HFNO

NIV (including CPAP)

Corticosteroids

Invasive mechanical ventilation

Exploration of “personalised” respiratory interventions based on phenotypes (using clinical, physiological, biological or
radiological criteria)

Optimal technique (such as complete prone or side to side), timing and duration
Impact on escalation of respiratory support, tracheal intubation and mortality
Effect of combination with HFNO or NIV on outcome measures

Risk of aerosolisation, optimal setting, monitoring and prediction of failure
Comparison with NIV/CPAP and weaning strategies

Use in moderate-to-severe hypoxemia (PaO,/FiO, less than 200 mm Hg)
Impact on outcomes (ICU/hospital length of stay and mortality)

Risk of aerosolisation, monitoring, helmet versus other interfaces

Multimodal strategies with HFNO

Impact on escalation of respiratory support, outcomes (ICU/hospital length of stay and mortality)

Impact of NIV in subset of patients with mixed respiratory failure, cardiogenic pulmonary oedema and COVID-19-re-
lated ARDS

Effect of timing of initiation, different types, dose, optimal duration, tapering schedule
Impact of laboratory biomarkers on timing, dose and duration of corticosteroid
Interaction of corticosteroids with other COVID-19 therapeutics such as Remdesivir, Baricitinib, etc

Initiation of invasive mechanical ventilation: Optimal timing, triggers and technique with respect to patient and HCW
safety

Impact of non-conventional ventilation strategies based on respiratory mechanics on outcomes (ICU/hospital length
of stay and mortality)

Sedation and NMBA: Optimal sedation strategy and monitoring techniques. Timing, duration, technique (continuous
versus bolus) and monitoring of NMBA

PEEP: Strategy for personalisation and method of selection

Fluid management: Restrictive versus liberal. Impact on ARDS phenotypes

Assessing fluid responsiveness

Weaning and liberation: Optimal timing and strategy. Impact of HFNO or NIV post-extubation. Predictive measures for

failure

ECMO: Optimal timing and patient selection. Resource planning in the constraints of a pandemic

Tracheostomy
trachea

Infection control

Optimal timing, strategy for HCWs safety and post-procedure care. Direct effect of SARS-CoV-2 virus on larynx and

Strategy for HCWs safety during aerosol generating procedures in resource limited settings

Role of different types of PPE and strategies to optimize their use
De-escalation of isolation precautions: time and/or testing based

Impact of different interventional strategies on the reduction in aerosolisation
Efficacy and safety of tele-ICU or remote monitoring to limit exposure

HFNO: high-flow nasal oxygen; NIV: non-invasive ventilation; CPAP: continuous positive airway pressure; ICU: intensive care unit; COVID-19: coronavirus disease
2019; ARDS: acute respiratory distress syndrome; HCW: healthcare worker; NMBA: neuromuscular blocking agent; PEEP: positive end-expiratory pressure; ECMO:
extracorporeal membrane oxygenation; SARS-CoV-2: severe acute respiratory syndrome coronavirus 2; PPE: personal protective equipment

pressure release ventilation and pressure-regulated vol-
ume control. There was no agreement for higher versus
lower PEEP strategy, nor the method of PEEP selection in
these patients. Lung hyperinflation has been reported in
small case series of patients with C-ARF with the use of
high PEEP [76, 77]. There was disagreement for the effec-
tiveness of adjuvant therapies for refractory hypoxaemia
(inhaled nitric oxide, nebulized prostacyclin, etc.). This
likely reflects the lack of any demonstrable benefits with
any of the salvage therapies, other than prone ventilation
[56].

There was no agreement on any combination of PPE
over the other. A Cochrane meta-analysis (24 studies
with 2278 participants) on the role of PPE in prevent-
ing infections among healthcare workers concluded that
there was no difference between various types of PPE
[78]. There was no agreement on the beneficial effect of
chest physiotherapy in patients with C-ARF. Questions

related to specific chest physiotherapy interventions were
not asked, which may be a limitation. A personalised
approach may be required with some of these interven-
tions, depending on the patient, phase of illness and the
respiratory mechanics. The benefits of chest physiother-
apy in ventilated patients with C-ARF are unclear, with
limited evidence on the risks of aerosol dispersion of the
virus with some of the therapeutic manoeuvres [79].

Strengths and limitations

Our work has several strengths. Firstly, our panel
included a large number of global experts in the field
of respiratory failure, with experience in the manage-
ment of C-ARF and with diverse geographical repre-
sentation. Secondly, anonymity of experts and their
individual responses were preserved until completion,
to avoid inherent bias during the Delphi process due to
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dominance and group pressure. Thirdly, we were able
to successfully complete the process over five survey
rounds, maintaining a tight timeline (one month) despite
experts being busy during a pandemic, which was essen-
tial considering the rapidly evolving evidence. Fourthly,
we were able to achieve agreement in 73% of our clinical
statements.

Our work has limitations. It is difficult to answer ’yes’
or 'no’ to some questions, as a personalised approach
may be required for some clinical interventions. It is also
possible that the responses from the experts could have
been influenced by the way they interpreted the state-
ments. The feedback from the experts (allowed in all the
rounds) and the stability of the responses should have
ensured fidelity of the responses and minimised the risk
of responder bias. Secondly, factors such as non-availa-
bility of or inadequate experience with some treatment
modalities and variation in regional guidelines may have
influenced the opinions of experts and affected the gen-
eration of statements. Thirdly, some aspects of respira-
tory management, such as extubation to NIV or HFNO
to prevent re-intubation, were not included.

These expert clinical practice statements will provide
guidance to the clinician at the bedside. However, sev-
eral questions regarding the respiratory management of
C-ARF remain unanswered and new evidence is being
generated at a rapid rate. We have summarized these as
future research priorities in Table 2.

Conclusions

Using a Delphi method, an agreement among experts
was reached for 27 statements on the respiratory man-
agement of C-ARF, addressing important decisions for
patient management in areas where evidence is either
absent or limited. Strong evidence from high-quality clin-
ical trials is needed to clarify the remaining uncertainties.
While these expert clinical practice statements provide
clinical direction with C-ARF, some of these general
principles may help with the management of other viral
pneumonias or future variants of the SARS-CoV-2 strain.
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