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Background: As the global outbreak of COVID-19 continues to ravage the world, it is 
important to understand how frontline clinicians manage ventilatory support and the various 
limiting factors.
Methods: An online survey composed of 32 questions was developed and validated by an 
international expert panel.
Results: Overall, 502 respondents from 40 countries across six continents completed the 
survey. The mean number (±SD) of ICU beds was 64 ± 84. The most popular initial 
diagnostic tools used for treatment initiation were arterial blood gas (48%) and clinical 
presentation (37.5%), while the national COVID-19 guidelines were the most used (61.2%). 
High flow nasal cannula (HFNC) (53.8%), non-invasive ventilation (NIV) (47%), and 
invasive mechanical ventilation (IMV) (92%) were mostly used for mild, moderate, and 
severe COVID-19 cases, respectively. However, only 38.8%, 56.6% and 82.9% of the 
respondents had standard protocols for HFNC, NIV, and IMV, respectively. The most 
frequently used modes of IMV and NIV were volume control (VC) (36.1%) and continuous 
positive airway pressure/pressure support (CPAP/PS) (40.6%). About 54% of the respon-
dents did not adhere to the recommended, regular ventilator check interval. The majority of 
the respondents (85.7%) used proning with IMV, with 48.4% using it for 12–16 hours, and 
46.2% had tried awake proning in combination with HFNC or NIV. Increased staff workload 
(45.02%), lack of trained staff (44.22%) and shortage of personal protective equipment (PPE) 
(42.63%) were the main barriers to COVID-19 management.
Conclusion: Our results show that general clinical practices involving ventilatory support 
were highly heterogeneous, with limited use of standard protocols and most frontline 
clinicians depending on isolated and varied management guidelines. We found increased 
staff workload, lack of trained staff and shortage of PPE to be the main limiting factors 
affecting global COVID-19 ventilatory support management.
Keywords: COVID-19, ventilation, respiratory, clinical management, proning, mechanical 
ventilation, NIV, HFNC

Introduction
Coronavirus (COVID-19) is a viral infectious disease that has spread globally and 
has become a pandemic.1 According to the World Health Organization (WHO), on 
July 12, 2020, the number of people diagnosed with COVID-19 had exceeded 
12 million, with total death cases of 561, 617, worldwide.2 Individuals diagnosed 
with COVID-19 are at risk of developing respiratory illness that might require 
ventilatory support and intensive care unit (ICU) admission.3 Studies have shown 
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that some of confirmed cases develop acute respiratory 
distress syndrome (ARDS).4–7 Moreover, Grasselli et al 
reported that 16% of 3420 confirmed cases were admitted 
to the ICU.8 According to the WHO-China Joint Mission 
report on COVID-19, out of 55,924 confirmed laboratory 
cases, 6.1% were judged critical, and 13% as severe, with 
about 25% of critical and severe cases requiring ventila-
tory support.9 In general, the severity of COVID-19 and 
admission to ICU are linked to various comorbidities, 
including chronic respiratory, cardiovascular and digestive 
diseases.10–12 These comorbidities are also associated with 
an increased rate of mortality and present a challenge for 
ICU management of COVID-19 patients.13

In another study, Guan et al found that about 6.1% of 
1099 positive cases had received mechanical ventilation 
(MV), in which non-invasive ventilation (NIV) was used 
the most, even though nosocomial transmission with NIV 
and high flow nasal cannula (HFNC) is still unclear.14 

Development of ARDS in COVID-19 patients may indi-
cate the need for ventilatory support management, which 
may vary across hospitals, countries and regions. Current 
guidance on ICU management of COVID-19 patients, 
including ventilatory support protocols, is lacking and so 
far, practices have been largely informed by evidence from 
standard intensive care management and experience with 
other viral respiratory infections or from direct experience 
with COVID-19.4

The rapid spread of the COVID-19 pandemic has made 
an integrated effort challenging and the sharing of best 
practices challenging. This has increased the need to 
explore and assess the current global practices regarding 
ventilatory support management of COVID-19 patients. 
Therefore, this study aims to understand which ventilation 
techniques critical care providers (CCPs) have used to 
manage adult COVID-19 patients worldwide, to shed 
light on the challenges that clinicians have faced, and 
ultimately to develop potential recommendations to miti-
gate this clinical challenge.

Methods
An online survey composed of 32 questions was developed 
based on the current emerging evidence and validated by an 
international expert panel, which included consultant 
respiratory therapists, physiotherapists, nurses, intensivists, 
and pulmonologists. Face and content validity were 
assessed after piloting this survey to 10 CCPs from different 
specialities. The questionnaire contained a structured 
response, which involved multiple-choice responses in 

three separate sections. Section one contained respondents’ 
demographic information (eg, practice type, location, num-
ber of beds, experiences and training background). Formal 
training in MV was defined as theoretical and practical 
sessions for at least six weeks or more. Section two con-
tained questions about the general clinical management of 
ventilatory support in COVID-19 patients (eg, diagnostic 
tools, type of ventilation modalities used, and different 
ventilation strategies). The severity was defined based on 
Berlin definition of ARDS. Section three was designed to 
assess difficulties that could hinder ventilatory support 
management in COVID-19 patients. The survey was dis-
tributed via different international societies, including the 
Canadian Society of Respiratory Therapists, the Thoracic 
Society of Australia and New Zealand (TSANZ), the 
Association of Chartered Physiotherapists in Respiratory 
Care (ACPR), the World Confederation for Physical 
Therapy (WCPT), the Indian Association of Respiratory 
Care (IARC), the Saudi Society for Respiratory Care 
(SSRC) and Brazilian Association of Cardiorespiratory 
Physiotherapy and Physiotherapy in Intensive Care 
(ASSOBRAFIR). The International Council for 
Respiratory Care (ICRC) was also involved in this project 
and supported us in distributing our survey link to all 
affiliated international council members and societies. To 
reach more frontline clinicians in various countries, we 
involved representatives from different regions, including 
the United Kingdom (UK), Europe, the Middle East, North 
and South America, Australia and Asia. The survey was 
also advertised through other professional groups, including 
the Royal Brompton Hospital physiotherapists’ group, var-
ious coronavirus networks, the Italian Group for the 
Evaluation of interventions in Intensive Care and the offi-
cial Saudi group for respiratory therapists. The survey was 
carried out between April 15, 2020 and June 15, 2020. 
Ethical approval was obtained from the Armed Forces 
Hospitals Eastern Region Institutional Review Board 
(IRB) (AFHER-IRB-2020-012), which the principal inves-
tigator affiliation (Prince Sultan Military College of Health 
Sciences) is under this regional committee and that 
approval was accepted by all other sites involved in this 
study. All participants provided informed consent to partake 
in this study and that this study complied with the 
Declaration of Helsinki.

Statistical Analysis
Descriptive analysis (ie, absolute values and proportions) 
was used to analyse responses and summarise 
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respondents’ characteristics. Chi-square and Fisher exact 
tests were applied to draw comparisons between groups. 
The Statistical Package for the Social Sciences (SPSS) 
version 24 was used to analyse the collected responses. 
A p-value of ≤0.05 was considered statistically significant.

Results
A total of 502 respondents completed the survey from 
40 different countries across six continents. Most of the 
respondents were from Brazil (20.12%), Italy (15.74%), 
Saudi Arabia (14.74%) and India (12.95%) (Figure 1). In 
general, the highest responses were from Asia and Europe 
(Table 1). There were six main groups of professions out 
of the respondents, with respiratory therapists (34.46%), 
physiotherapists (24.50%) and ICU intensivists (21.51%) 
being the most represented. Previous training in MV was 

reported by 85% of the total respondents. According to the 
respondents, 80 (16.36%) of the hospitals had >1000 beds 
while the mean number (±SD) of ICU beds was 64 (±84). 
Table 1 describes the characteristics of all respondents.

Continents, Qualifications, and Formal 
Training in MV
We found significant differences in academic degrees 
between the continents. The highest percentage of diploma 
holders was reported in Asia (40%), Europe (35.6%) and 
North America (17.8%), while the highest percentage of 
PhD holders was reported in continental Europe (43.7%) 
(Figure 2). There was no significant difference in formal 
training in MV between the various academic degrees 
(p=0.394). Interestingly, there was a significant difference 
in formal training in MV between the continents’ 

Figure 1 Percentage of responders per country.
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practitioners (p < 0.001). The highest percentage of non- 
trained professionals was reported in Europe (53.8%), 
followed by Asia (28.2%) (Figure 3).

Experience, Professions, and Formal 
Training in MV
Although there were no significant differences in formal 
training in MV between the different professions, the highest 
percentage of formal training was reported in the respiratory 
therapist profession (36.3%), followed by physiotherapists 
(23.1%) and ICU intensivists (21.2%). Interestingly, the 
highest number of non-trained professionals was also found 
among physiotherapists (32.1%), respiratory therapists 
(24.4%), and ICU intensivists (23.1%).

We found a significant difference in years of experi-
ence between the professions (p < 0.001). ICU intensivists 
had more experience (>20 years) than any other profession 
37.2% (35/94) followed by pulmonologists 19.1% (18/94) 
and respiratory therapists 18.1% (17/94). Interestingly, 
respiratory therapists also had the highest number of pro-
fessionals with ≤5 years experience 60.4% (90/149). 
However, there were no significant differences in formal 
training in MV between the different years of experience 
(p = 0.84) in all professions. No significant differences in 
years of experience, training and qualifications were found 
between the tertiary and secondary hospitals. However, 
68.8% (31/45) of staff in the tertiary hospital were 
reported to have a higher number of diploma degree.

Hospital Beds, ICU Beds and Continents
There were significant differences in the hospital bed 
capacities between continents, where the highest numbers 
of beds in hospitals (>1000) were found in Asia 36/80 
(45%) followed by Europe 33/80 (41.3%) and South 
America 8/80 (10%) (Figure 4). While there was no sig-
nificant difference in the means of ICU beds between the 
continents (p = 0.09), we found that North America had 
the highest mean ICU beds (82.58 ± 66.74), followed by 
Asia (72.69 ± 78.95) (Figure 5).

Factors for MV Initiation and Monitoring 
of COVID-19 Patients
We found that arterial blood gas (ABG) (48%) and clinical 
presentation (37.5%) of the patients were the most com-
monly used diagnostic tools to initiate ventilator support in 
COVID-19 patients. Of the total respondents, only 38.8% 
and 56.6% had protocols available for HFNC and NIV 
modalities, respectively. The most commonly used guide-
lines by the respondents during this pandemic were the 
national guidelines (61.2%), followed by WHO (47.6%) 
and Society of Critical Care Medicine (SCCM) (39.2%) 

Table 1 Characteristics of Critical Care Practitioners (N= 502) *

Characteristics Values

Highest qualification

● Diploma 45 (8.96%)

● Bachelor 228 (45.42%)

● Master 158 (31.47%)

● PhD 71 (14.14%)

Profession

● Respiratory therapists 173 (34.46%)

● Physiotherapist 123 (24.50%)

● Nurse 8 (1.59%)

● ICU Intensivist 108 (21.51%)

● Pulmonologist 60 (11.95%)

● Anesthesiologist 30 (5.98%)

Continent

● Africa 4 (0.80%)

● Asia 185 (36.85%)

● Europe 159 (31.67%)

● North America 36 (7.17%)

● Oceania 6 (1.20%)

● South America 112 (22.31%)

Type of hospital

● Secondary care hospital 137 (27.29%)

● Tertiary care hospital 365 (72.71%)

Hospital characteristics

● <200 beds 93 (19.02%)

● 200–499 beds 175 (35.79%)

● 500–1000 beds 141 (28.83%)

● >1000 beds 80 (16.36%)

ICU beds

● Total number 31,144

● Mean (±SD) 64 (±84)

● 1–10 42 (8.64%)

● 11–100 365 (75.10%)

● >100 79 (16.26%)

Previous training in MV 424 (85%)

Experience and training

● >20 – year experience 94 (18.73%)

● 11–20 – year experience 144 (28.69%)

● 6–10 – year experience 115 (22.91%)

● ≤5 – year experience 149 (29.68%)

● >20 – year experience and trained 82 (19%)

● 11–20 – year experience and trained 122 (29%)

● 6–10 – year experience and trained 97 (23%)

● ≤5 – year experience and trained 123 (29%)

Note: *All percentages are expressed corresponding to the total number of 
respondents. 
Abbreviations: PhD, Doctor of Philosophy; ICU, intensive care unit; SD, standard 
deviation.
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Figure 2 Academic degrees per continent.

Figure 3 Formal training in MV per continent.
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guidelines. HFNC (53.8%) and NIV (47%) were fre-
quently used in mild and moderate cases, respectively, 
while IMV (92%) was the most popular technique for 
the management of severe cases. The most-reported ratio-
nales for using HFNC in mild cases were based on diag-
nostic tools (16.7%), available protocols (15.9%), and 
fewer aerosol-generating particles (11.1%) respectively. 
Similarly, the most commonly reported rationales for 
using NIV in moderate cases were based on diagnostic 
tools (25.4%), available protocols (19.5%), and the knowl-
edge and skills of CCPs (8%). Rationales for the use of 
IMV in severe cases were similar to those of HFNC 
application in mild cases. We found that most of the 
respondents monitored the ventilators as needed (53.8%) 
instead of using a standardised, regular system check 
(Table 2).

General Clinical Management of 
Ventilatory Support in COVID-19 
Patients
The initial flow setting commonly used for HFNC was 
between 30 and 45 L/m (29.9%) and 61.6% of the respon-
dents combined humidification with this therapy. CPAP/PS 
(40.6%) and full-face masks (38.2%) were the most com-
monly used mode and interface with NIV, respectively, 
while in IMV, VC (36.1%) and PC (34.9%) were the 

most commonly used modes for COVID-19 patients. 
Heat and moisture exchanger (HME) (70.9%) was also 
reported as the most popular humidifier used in IMV 
(Table 3). Lower tidal volume (VT) ventilation and higher 
positive end-expiratory pressure (PEEP) strategy were the 
most commonly used with the ARDS/COVID-19 patients. 
Out of the 430 respondents who combined proning with 
IMV, 48.4% proned for a duration of 12 to 16 hours/day. 
In addition, where proning was not used, the most com-
mon limitation was the lack of staff training (14.9%). In 
total, 46.2% of the respondents had tried awake proning 
with both HFNC or NIV with COVID-19 patients. We 
found a significant difference in the percentage of respon-
dents who had tried awake proning between the continents 
(p < 0.001), where Europe (44%) had the highest percen-
tage, followed by Asia (27.2%) and South America 
(18.5%). Only 12.2% had used nitric oxide (Table 3). 
There was a statistically significant difference among con-
tinents in frequent use of nitric oxide, use of inhaled 
pulmonary vasodilator and systemic corticosteroid (p < 
0.001). Europe (24/61) 39% and Asia (22/61) 36% were 
frequently used nitric oxide with COVID-19 patients. 
Likewise, Asia (79/191) 41% and Europe (51/191) 27% 
were mostly used inhaled pulmonary vasodilator. Indeed, 
use of systemic corticosteroid was commonly used in 
Europe (122/323) 38%, Asia (101/323) 31%, followed by 
South America (73/323) 23%.

Figure 4 Mean ICU beds per continent.
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Barriers and Limitations of COVID-19 
Clinical Management
Various limitations were reported to be associated with the 
clinical management of COVID-19 in this study. Of these, 
increased staff workload (45%), lack of trained staff (44%) 
and shortage of PPE (43%) were consecutively the three 
most reported limitations. Shortage of staff and ICU beds 
was also high on the list of limitations reported (Figure 6A).

Although there was no significant difference (p = 0.27) 
in terms of increased staff workload between the six con-
tinents, we found that Asia (33.2%), Europe (30.1%) and 
South America (25.7%) had the highest percentage of 
increased workload among healthcare workers.

There was a statistically significant difference (p < 0.001) 
in the reported lack of trained staff between all included 
continents, with the highest percentage reported from Asia 
(35.1%), followed by South America (30.6%). The limitation 
from shortage of PPE between the continents was also sig-
nificantly different (p = 0.01); this limitation was most com-
monly reported by healthcare workers from Asia (45.3%), 
followed by Europe (25.7%) (Figure 6B).

Discussion
To the best of our knowledge, this is the first study to 
report the global clinical ventilatory support practices 
and barriers encountered by healthcare workers handling 
COVID-19 patients. Our results show that general clin-
ical practices involving ventilatory support lack unifor-
mity, with limited use of standard protocols, and most 
healthcare workers work outside the general treatment 
guidelines. We found that of the many barriers encoun-
tered, increased staff workload, lack of trained staff and 
shortage of PPE were the major impediments to efficient 
treatment.

A variety of factors, including training and professional 
expertise, influences the optimal management of mechani-
cally ventilated patients.15 As a positive aspect, most 
respondents (85%) reported previous formal training in 
MV, consisting of theoretical and practical sessions for at 
least six weeks or more. This previous training may have 
been important in enhancing confidence, knowledge and 
performance to support the critical care team in offering 
ventilation support to adult COVID-19 patients.

Figure 5 Total beds per hospital in all continents.
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Despite formal training in MV being similar among 
practitioners, continental Asia and Europe, which had 
higher number of diploma holders, also had higher 

Table 2 Factors Considered in the Clinical Management of 
COVID-19 Patients and the Maintenance of Ventilators (N= 502)*

Characteristics Values

Initial diagnostic tool used for therapy initiation

● Arterial Blood Gas 241 (48%)

● Chest Imaging 42 (8.4%)

● Clinical Presentation 188 (37.5%)

● All of the Above 31 (6.2%)

Available protocols

● HFNC 195 (38.8%)

● NIV 284 (56.6%)

● IMV 416 (82.9%)

Used COVID-19 guidelines

● Own practice 197 (39.2%)

● National 307 (61.2%)

● WHO 239 (47.6%)

● AARC 128 (25.5%)

● NICE 63 (12.5%)

● ANZICS 29 (5.8%)

● SCCM 197 (39.2%)

Initial ventilation strategy based on severity

MILD
● HFNC 270 (53.8%)
● NIV 123 (24.5%)
● IMV 24 (4.8%)

Moderate
● HFNC 87 (17.3%)
● NIV 236 (47%)
● IMV 130 (25.9%)

SEVERE
● HFNC 5 (1%)
● NIV 15 (3%)
● IMV 462 (92%)

Ventilator management

Suctioning system used
● Open 35 (7%)
● Closed 467 (93%)

Ventilator system check
● As needed 270 (53.8%)
● Every 1–2 hours 53 (10.6%)
● Every 2 hours 67 (13.3%)
● Every 4 hours 112 (22.3%)

Note: *All percentages are expressed corresponding to the total number of 
respondents. 
Abbreviations: AARC, American Association for Respiratory Care; ANZICS, 
Australian and New Zealand Intensive Care Society; HFNC, high flow nasal cannula; 
IMV, invasive mechanical ventilation; NICE, National Institute for Health and Care 
Excellence; NIV, noninvasive ventilation; SCCM, Society of Critical Care Medicine; 
WHO, World health Organization.

Table 3 General Management of COVID-19 Using Ventilatory 
Support (N= 502)*

Characteristics Values

Initial flow setting of HFNC

● Below 30 L/m 90 (17.9%)

● From 30 to 45 L/m 150 (29.9%)

● More than 45 L/m 80 (15.9%)

Use of humidification with HFNC 309 (61.6%)

NIV modes
● BiPAP 161 (32.1%)
● CPAP/PS 204 (40.6%)
● PC 43 (8.6%)
● VC 19 (3.8%)

NIV interfaces frequently used
● Full face mask 192 (38.2%)
● Helmet 67 (13.3%)
● Nasal mask 19 (3.8%)
● Oronasal mask 154 (30.7%)

IMV modes

● APRV 39 (7.8%)

● PC 175 (34.9%)

● PRVC 107 (21.3%)

● VC 181 (36.1%)

Humidifier type used with IMV

● Heated circuit 135 (26.9%)

● HEPA 11 (2.2%)

● HME 356 (70.9%)

Ventilation strategy used in IMV

● Low VT ventilation (VT: 4–8 ml/kg of predicted 

body)

481 (96%)

● Higher VT ventilation (VT>8 ml/kg of predicted body 

weigh)

20 (4%)

PEEP strategy

● Lower PEEP (PEEP levels <10 cm H2O) 182 (36.3%)

● Higher PEEP (PEEP levels >10 cm H2O) 320 (63.7%)

Use of prone with IMV 430 (85.7%)

Prone duration
● <12 hours/day 74 (14.7%)
● 12 to 16 hours/day 243 (48.4%)

● >16 hours/day 116 (23.1%)

Reasons for not proning

● Limited resources 61 (12.2%)

● Lack of staff training 71 (14.9%)

● Complications 67 (13.3%)

● Not indicated 64 (12.7%)

Tried awake prone positioning 232 (46.2%)

Frequent use of nitric oxide 61 (12.2%)

Use inhaled pulmonary vasodilator 191 (38%)

Use of recruitment manoeuvres 349 (69.5%)

(Continued)
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proportions of CCPs that are untrained in MV. 
Mismanagement of ventilatory support due to lack of 
training could lead to further complications, including 
ventilator-associated pneumonia, patient-ventilator asyn-
chrony and barotrauma.16,17 Global emergency strategies 
to maximise the capacity of the health care workforce, 
such as relaxing staffing requirements and redeploying 
health workers to high-need areas, could further exacer-
bate the problem if proper rapid training mechanisms are 
not in place.18

Most of the responses came from respiratory therapists, 
physiotherapists, and intensivists. We were able to identify 
that intensivists had the longest professional experience 
(>20 years), while CCPs with <5 years experience were 
mostly respiratory therapists. Despite intercontinental 

differences in professional qualifications, our findings out-
line that there are healthcare workers actively engaged in 
ventilatory support management of COVID-19 patients 
worldwide. In terms of care settings, most respondents 
(72.7%) were from tertiary care hospitals, in which we 
identified the highest percentage of diplomas. This is not 
in agreement with the WHO definition of tertiary hospi-
tals, which should have highly specialised staff and tech-
nical equipment.19

Our findings indicate that ICU beds and trained practi-
tioners were limited across all continents. At a regional 
level, this lack of ICU bed capacity could be resolved by 
transforming general hospitals into critical care hospitals. 
At the hospital level, hospitals must innovate processes to 
transform general wards into ICUs to augment their 
capacities.20 This may be needed across all continents to 
cope with the high demand imposed by the rate of spread 
of the SARS CoV-2.21–27 The increase in ICU bed capacity 
by hospitals should, therefore, be guided by simulations 
and mathematical models, which incorporate variables, 
such as population demographics and public measures, to 
predict the expected number of COVID-19 cases and the 
proportion that might need admission to ICU.23,24 While 
there was no significant difference in the mean of ICU 
beds between the continents (p = 0.09), the availability of 
critical care beds differs across continents. This conforms 
with previous findings by Jason et al, who found similar 
heterogeneity with fewer ICU bed numbers reported in 
lower-income compared to higher-income countries.26 

Table 3 (Continued). 

Characteristics Values

Recruitment manoeuvres used

● Stepwise PEEP adjustment 214 (42.6%)

● Inspiratory hold 146 (29.1%)

Use of (VV) ECMO 97 (19.3%)

Use of systemic corticosteroids 323 (64.3%)

Note: *All percentages are expressed corresponding to the total number of 
respondents. 
Abbreviations: APRV, airway pressure release ventilation; BIPAP, bilevel posi-
tive airway pressure; CPAP/PS, continuous positive airway pressure/pressure 
support; HME, heat and moisture exchanger; HEPA, high-efficiency particulate 
air; PEEP, positive end-expiratory pressure; PC, pressure control; PRVC, pres-
sure regulated volume control; Vt, tidal volume; VV, venovenous; VC, volume 
control.

Figure 6 Barriers and limitations of COVID-19 clinical management. (A) represents the (%) of barriers and limitations per continent. (B) represents the (%) of barriers and 
limitations corresponding to the overall responses.
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Better economic status and financial solvency of health- 
care systems play a major role in ICU bed expansion.26,28 

Moderate-income and high-income countries can afford 
the high cost of preparing ICUs from scratch within a 
short period.29,30 However, improving the quality of criti-
cal care and ICU outcomes is still a challenge that many 
health care systems face, even in moderate-income and 
high-income countries.24,29 This is because a sudden 
increase in the ICU bed capacity could conflict with the 
availability of well-trained health care professionals to 
guarantee standardised critical care.31

Due to the lack of universally accepted clinical guide-
lines for the management of adult COVID-19 patients 
requiring ventilatory support, there is a need for a colla-
borative effort by global healthcare authorities to create a 
multidisciplinary task force to solve this issue. The present 
study also surveyed factors considered for MV initiation 
and ventilation techniques used in different countries. 
ABG shows the systemic levels of oxygenation and venti-
lation than clinical presentation alone,32 and this could 
explain why ABG was preferred laboratory criterion rather 
than clinical presentation alone for initiating ventilatory 
support in COVID-19 patients. Of the three techniques 
evaluated, the survey respondents preferred to use the 
HFNC (54%) and NIV technique (47%), for mild and 
moderate cases, respectively. This finding is consistent 
with previous work that found that HFNC was preferred 
as a first-line ventilatory technique, followed by NIV and 
IMV.33 Interestingly, the most common modality used with 
mild cases in both Asia and Europe was HFNC despite the 
limited availability of protocols in both continents. This 
raises a concern, especially since the HFNC procedure can 
generate hazardous levels of aerosols if not adequately 
managed based on standard protocols.34 Providing air-
borne precautions along with other precautionary measures 
could be challenging during the COVID-19 pandemic due 
to the shortage of PPE and isolation rooms.35,36 

Surprisingly, intubation was still considered in some of 
the mild cases with mild symptoms. In moderate cases of 
COVID-19, it was reported that NIV was the preferred 
method of delivering ventilatory support, although close 
monitoring must be provided since the patient’s status 
might rapidly deteriorate.37

Suctioning during MV is a fundamental procedure that 
is necessary to keep airway patency by removing endotra-
cheal secretions. Here, the majority of respondents used a 
closed suction system with COVID-19 patients, which was 
essential, especially with patients who required high PEEP 

and to minimize aerosol/droplet generation.38 However, 
some respondents also used an open suction system, 
which might increase the chance of environmental 
contamination.38 Despite the existence of recommenda-
tions for ventilator check frequency, our survey found 
that the majority of respondents did not adhere to the 
recommended, regular ventilator check interval.39,40

Clinical management of ventilatory and respiratory 
support was different between respondents in many 
areas. Only 63.7% reported using HFNC, although current 
evidence suggests that there are benefits of HFNC in 
reducing the need for intubation and IMV.41 Simulation 
studies found that HFNC aerosols are smaller and travel 
greater distances with higher set inspiratory flow.41 

According to recent guidelines, a set inspiratory flow not 
greater than 30 L/min is recommended to minimise the 
risk of viral infection.42 However, 72% of respondents 
used a set inspiratory flow of more than 30 L/min, contra-
vening the standard recommendation. Concerning NIV 
interfaces, full-face and oronasal masks were the most 
used with COVID-19 patients, with only 13% of the 
CCPs using helmets. Compared to full-face masks, using 
helmets with infectious diseases is the safer option due to 
the negligible leakage and dispersion caused, which is 
needed to prevent nosocomial infection.33,43 Owing to 
their availability, however, conventional facemask inter-
faces are likely to be the most widely used.

Most respondents reported using CPAP/PS mode with 
NIV (40.6%), which highlights the hypoxic respiratory 
failure nature of the COVID-19 disease process. When 
IMV is used, the majority (36.1%) used VC-based ventila-
tion, which in this mode the pressure is variable based on 
lung mechanics and may cause barotrauma to the lung if 
not carefully monitored.44 PC mode was noted to be used 
frequently (34.9%) by respondents, which is a safe mode 
of ventilation, but volume is variable and dependant on 
lung mechanics, and therefore frequent alteration of set-
tings is needed. Frequent adjustment is potentially hazar-
dous to the therapist due to increased exposure to SARS 
COV-2 or increased risk of spreading it. Pressure regulated 
volume control (PRVC) delivers a set volume within safe 
pressure limits; therefore, it limits settings adjustment,45 

but it was noted that only 21.3% of respondents used this 
mode of ventilation. The airway pressure release ventila-
tion (APRV) was used the least (7.8%), although it may be 
a good option for treating COVID-19 patients as it works 
by increasing the mean airway pressure and limiting the 
expiratory time in order to minimize derecruitment. This 
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increases functional residual capacity (FRC), but APRV 
needs special ventilators, well-trained and experienced 
clinicians, which could limit its use due to lack of 
resources, training and protocols.46,47

Low VT ventilation strategy was frequently used inter-
nationally (96%), in line with recent critical care 
guidelines.4 Most respondents (63.7%) indicated using 
“high PEEP low fraction of inspired oxygen (FiO2)” strat-
egy in treating ARDS of COVID-19 patients, although it 
has been found previously that there is no difference in 
using high FiO2/low PEEP or low FiO2/high PEEP in 
treating ARDS patients.48 Further studies are needed to 
develop an evidence-based protocol of initiating, mana-
ging, weaning and discontinuing IMV, as mortality rates 
are high.49–51

Proning intubated patients with severely hypoxemic 
respiratory failure is an effective intervention in reducing 
mortality.52 The major barrier to proning among respon-
dents was found to be the lack of training, which includes 
appropriate proning technique and management of venti-
latory support. In COVID-19 patients, there is still a lack 
of evidence for proning effectiveness, but there are 50 
trials currently registered at clinicaltrials.gov studying the 
role of proning as part of COVID-19 treatment in many 
modalities, including awake or coupled with other thera-
pies. Interestingly, 46% of respondents attempted awake 
pronation of COVID-19 patients, with most of the 
attempts in Europe, which indicates that local European 
guidelines have indications and contraindications for 
awake prone positioning of COVID-19 patients. This indi-
cates the feasibility of this technique, although the actual 
effectiveness of the technique remains under-studied.53 

Nitric oxide and inhaled pulmonary vasodilators were not 
widely used internationally. Remarkably, the majority of 
the CCPs (41%) used stepwise PEEP adjustment com-
pared to the recommended traditional method (inspiratory 
hold, 29%). This poses a clinical concern as this strategy is 
not recommended due to increased mortality.4,54 More 
than half of the CCPs (64%) had used systematic corticos-
teroids with COVID-19 patients, which indicates increased 
severity accompanied by ARDS.

We report for the first time the limitations and barriers 
in the management of COVID-19 patients by healthcare 
workers. Most respondents reported increased workload, 
poor training and lack of PPE to be the main limitations 
associated with COVID-19 patients’ management. This 
agrees with recent reports where increased workload was 
reported as one of the main factors affecting how 

healthcare workers deal with patients with infectious 
respiratory diseases.55 Increased workload-to-staff ratio 
increased the mortality rate of critically ill patients.56 

Previous studies also confirmed the lack of general staff 
training on both the use of PPE, and the use and main-
tenance of ventilator support systems as major issues in 
the handling of pandemics.13 Indisputably, the shortage of 
PPE and other important clinical resources including MVs, 
hospital beds, and ICU beds among others has been well 
documented in various reports.13,36

Respondents from Asia were the most likely to report 
poor training, higher workload, shortage of staff, hospital 
beds, PPE, lack of protocols and comorbidities as the main 
barriers to the management of COVID-19 patients. This 
may be due to the disproportionate escalation in the rate 
of infection in Asia, resulting in shortage of healthcare 
resources and subsequent increased mortality.57,58 

Respondents from Europe mostly reported the lack of ICU 
beds, interminable meetings, and treatment of elderly 
patients as the main barriers. Despite having the best health-
care systems globally, the infection and mortality rates due 
to COVID-19 were disproportionately higher in Europe 
because of the aforementioned reasons.59,60 Respondents 
from South America, on the other hand, mostly reported 
weak healthcare systems and financial barriers as the main 
limitations. These results confirm previous reports on the 
fragility of healthcare systems in Latin America, which has 
been exacerbated by the recent socioeconomic crisis in the 
region.61,62 Generally, most of these barriers or limitations 
are modifiable, while the reminder needs a holistic approach 
for better management of patient-related factors such as 
multimorbidity.63

In general, there are significant differences in the types 
of limitations between continents which is linked to regio-
nal lapses in the handling of the COVID-19 pandemic and 
outcomes. Critical evaluation and resolution of those mod-
ifiable limitations would help regions around the world to 
better prepare for future pandemics. To our knowledge, the 
strength of this global study is that it is the first to explore 
and compare critical care management of COVID-19 
patients in different countries across continents that have 
been profoundly affected by the pandemic. For the first 
time, this study included multidisciplinary international 
representatives with relevant expertise in ventilatory sup-
port management, who provided multidisciplinary per-
spectives. This increased the generalisability of our 
findings. However, the present study has important limita-
tions worth highlighting. Although a diverse sample of 
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different medical health care specialties in terms of aca-
demic qualifications and practice experience was recruited 
from different countries across continents, the findings 
reported cannot be extrapolated because different countries 
have used different care strategies to fight the pandemic. 
Due to the nature of COVID-19, the number of respon-
dents was limited and mostly from five countries. The 
response rate was not available because our official part-
ners distributed the survey through their social networking 
websites.

However, our results have important clinical and 
research implications. They highlight the current global 
practices, including strengths and limitations encountered 
by frontline healthcare professionals who manage COVID- 
19 patients needing ventilatory support. This will inform 
better management in future, which could be of consider-
able benefit to both clinicians and COVID-19 patients. 
Future research should focus on producing a clear and 
integrated guidance for ventilatory support management 
of COVID-19 patients and find solutions to the major 
barriers and limitations found in this survey.

Conclusion
Our data from 40 countries across six continents presents 
the first report on the clinical ventilatory support practices 
and barriers encountered by healthcare workers handling 
COVID-19 patients globally. Our results show that general 
clinical practices involving ventilatory support are highly 
heterogeneous, with limited use of standard protocols and 
most frontline clinicians depending on isolated and varied 
management guidelines. We found increased staff work-
load, lack of trained staff and shortage of PPE to be the 
main limiting factors affecting global COVID-19 ventila-
tory support management.
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