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Objective: This study was conducted to determine the clinical practice and barriers of ventilatory support 
management in COVID‑19 patients in Saudi Arabia among respiratory therapists.
Methods: A validated questionnaire comprising three parts was distributed to all critical care respiratory 
therapists registered with the Saudi Society for Respiratory Care through the official social networks.
Results: A  total of 74 respiratory therapists completed the survey. The mean  (±standard deviation) of 
intensive care unit beds was 67 ± 79. Clinical presentation (54%) and arterial blood gas (38%) were the two 
main diagnostic tools used to initiate ventilatory support. While protocols for the initiation of invasive 
mechanical ventilation (IMV; 81%) were widely available, participants had limited availability of protocols 
for the use of non‑invasive ventilation (NIV; 34%) and high‑flow nasal cannula (HFNC; 34%). In mild cases of 
COVID‑19, most respondents used HFNC (57%), while IMV was mostly used in moderate (43%) and severe (93%) 
cases. Regular ventilator check was mostly done every 4 h (57%). BiPAP (47.3%) and full‑face masks (45.9%) 
were the most used mode and interface, respectively, while pressure‑regulated volume control (55.4%) and 
pressure control (27%) were the most used mechanical ventilation modes for COVID‑19 patients. In terms of 
use of proning, 62% used it on IMV, while 26% reported using awake proning. Staff shortage (51.4%), personal 
protective equipment (PPE) shortage (51.4%), increased workload (45.9%), inadequate training (43.2%) and 
lack of available protocols and policies (37.8%) were the main barriers.
Conclusion: Ventilatory support management of COVID‑19 in Saudi Arabia was inconsistent with the global 
practice, lacked uniformity, and there was limited use of standard protocols/treatment guidelines. Shortage 
of staff and PPE, increased workload and insufficient training were the most prevalent barriers.
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INTRODUCTION

The coronavirus disease‑2019  (COVID‑19) pandemic 
continues to overwhelm health‑care services around 
the world.[1] It is estimated that 5%–8% of  individuals 
diagnosed with COVID-19 become critically ill and 
may develop acute respiratory failure that necessitates 
ventilatory support initiation.[2] Individuals diagnosed with 
COVID‑19 may require either noninvasive respiratory 
support and/or invasive mechanical ventilation (IMV) to 
aid breathing and improve gas exchange.[3]

Noninvasive respiratory support includes high‑flow nasal 
cannula  (HFNC), and noninvasive ventilation  (NIV) is 
often used to reduce the rate of  tracheal intubation and 
associated complications.[4,5] Although their efficacy and 
safety remain unclear, HFNC and NIV are commonly 
used in critically ill patients diagnosed with COVID‑19 
to reduce respiratory symptoms, improve prognosis and 
ultimately reduce tracheal intubation.[6,7] With regard to 
IMV, two large epidemiological studies have indicated that 
the rate of  tracheal intubation among COVID‑19 patients 
admitted to intensive care unit ranges from 29% to 
89%.[8,9]

Ventilatory support managements in critically ill 
patients diagnosed with COVID‑19 are derived mainly 
from evidence on standard intensive care management 
and/or direct experience.[3] Alqahtani et al.,[10] in their 
recent international study of  current techniques 
of  ventilatory support management in COVID‑19, 
reported significant variability and heterogeneity 
with minimal usage of  specific protocols and most 
of  the ventilatory support practices being based on 
isolated and varied guidelines. The researchers also 
concluded that major restricting factors affecting 
global COVID‑19 ventilatory support managements are 
increased workload, shortage of  skilled staff  and lack 
of  personal protective equipment (PPE).

Current literature lacks unified global protocols for 
ventilatory support that guide critical care providers in 
the battle against COVID‑19. Challenges and barriers 
related to ventilatory support management vary from 
country to country. While Saudi Arabia is one of  the 
leading countries in the global fight against COVID‑19, it is 
important to understand the general practices of  ventilatory 
support management within the country. Therefore, 
this study explores and assesses the clinical practice and 
barriers regarding ventilatory support management of  
COVID‑19 patients among respiratory therapists in Saudi 
Arabia.

METHODS

Study design and participants
This cross‑sectional survey used a convenience sampling 
method, as it was the most feasible option for recruiting 
participants during the pandemic. To ensure a countrywide 
sample representativeness, the Saudi Society for Respiratory 
Care (SSRC) was contacted to distribute the survey to registered 
members using their official platforms. The period of  the 
survey was during the peak of  the first wave of  COVID‑19 
infection in the country (i.e., April 25 to June 15, 2020).

Data collection
A web‑based survey was hosted at SurveyMonkey (www.
surveymonkey.com, Portland, Oregon, USA) that was 
developed according to current literature and validated 
by 10 international experts.[10] The link of  the survey was 
openly available on the SSRC platforms. This adaptive 
survey included 32 questions distributed across three 
sections. Part one elicits the demographic information of  
the participants, including hospital characteristics, training, 
and experience. Part two explores the clinical practices of  
ventilatory support management in COVID‑19 patients that 
includes diagnosis strategies, mechanical ventilation (MV) 
types used and other unconventional ventilation strategies. 
Part three determines the limitations and barriers faced 
by respiratory therapists during the ventilatory support 
management of  COVID‑19 patients. We conducted face 
and content validity after piloting this to 10 critical care 
respiratory therapists. The approximate estimated time for 
completing the questionnaire based on the pilot testing was 
10 min. Formal training in MV was defined as theoretical 
and practical sessions for not less than 6 weeks. In addition, 
disease severity was defined according to the 2012 Berlin 
definition of  acute respiratory distress syndrome.[11]

SSRC distributed the survey to registered members using 
official platforms. The participants were informed about 
the purpose of  the study, the estimated time for completing 
the survey, data confidentiality and participation being 
voluntary. No incentive (monetary or nonmonetary) was 
offered. The respondents were able to review all responses 
before submitting the survey. No duplication in responses 
was ensured through the use of  IP address.

Data analysis
The data were automatically captured through the 
hosting platform and then exported to an Excel Sheet. 
To mimimize the likeliness of  errors, the exported data 
were verified and proofchecked by one of  the authors and 
cross‑verified by another. Descriptive analysis (i.e., absolute 
values and proportions) were used to analyze responses 
and summarize respondents’ characteristics. Chi‑square 
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and Fisher’s exact tests were applied to draw comparisons 
between groups. The Statistical Package for the Social 
Sciences  (SPSS) version  25  (IBM Corp., Armonk, NY, 
USA) was used to analyze the collected responses. P ≤ 
0.05 was considered statistically significant. As our survey 
was an online web survey, only the completion rate could 
be calculated. Completion of  the survey was defined as 
those who answered all questions that were considered 
mandatory in each section for eliciting information 
necessary for achieving the objective of  this study.

Ethical considerations
Ethical approval was obtained from the Institutional Review 
Board of  the Armed Forces Hospital, Eastern Region, 
Saudi Arabia. Response to the survey was considered as 
consent for participation. The personal information was 
converted to anonymized data that were to be deleted as 
soon as it was processed.

RESULTS

A total of  79 critical care respiratory therapists from across 
Saudi Arabia completed the survey; the completion rate was 
82%. Of  these, five responses were excluded from the final 
analysis due to incomplete responses. The demographic data 
and characteristics of  all respondents are presented in Table 1.

Qualifications, experience and formal training of 
respondents
Bachelor’s degree was the most common academic 
qualification among the respondents  (64.9%). Most 
respondents were from tertiary care hospitals  (70.3%). 
While 71 (95.9%) of  the respondents had training in the 
use of  mechanical ventilators, the tendency to be trained 
was not related to the years of  experience  (P  =  0.1) 
and qualifications  (P  =  0.4). Most of  the respiratory 
therapists (32; 45.1%) with training in MV had a ≤5‑year 
experience [Table 1]. Moreover, no significant difference 
was found in formal training  (P  =  0.9), years of  
experience (P = 0.7) and qualifications (P = 0.7) between 
the secondary and tertiary care hospital types.

Factors for the initiation of therapy
Clinical presentation  (40/74, 54%) and arterial blood 
gas  (28/74, 38%) were the two diagnostic tools most 
commonly used in deciding the mode of  ventilator support 
needed by COVID‑19 patients  [Table 2]. While protocols 
for the initiation of  IMV were widely available (81%), the 
protocols for the use of  NIV and HFNC were not readily 
available (34% for both). The general management of  
COVID‑19 patients was mainly based on the guidelines of  
the World Health Organization (62%), followed by national 
guidelines  (54%). For clinical management of  mild cases 

of  COVID‑19, most respondents used HFNC  (57%), 
while IMV was mostly used in both moderate (43%) and 
severe (93%) cases. The decision regarding the method of  
ventilatory management in mild, moderate or severe cases 
was mostly validated by using existing protocols and results 
from diagnostic tools. Ventilator check was mostly done every 
4 h (57%), followed by “As needed” (32%).

Clinical management of ventilatory support in 
COVID‑19 patients
HFNC initial flow of  30 to 45  L/m was the most 
used technique  (41.9%), and this was combined with 
humidification in most cases (73%). For NIV, BiPAP (47.3%) 
and full‑face masks (45.9%) were the most used mode and 
interface, respectively [Table 3]. Pressure‑regulated volume 
control (PRVC; 55.4%) and pressure control (PC) (27%) 
were the most used MV modes for COVID‑19 patients. 
The most popular humidifier used in MV was heat and 
moisture exchanger  (75.7%)  [Table  3]. Higher positive 
end‑expiratory pressure  (PEEP) strategy and low tidal 
volume ventilation were the most used techniques in 
the management of  severe COVID‑19 patients. A total 
of  46  (62%) respondents used proning, with the most 
common duration being 12 to 16  h/day  (38% of  all 
participants). Lack of  training (39%) was the main obstacle 
to the use of  proning in COVID‑19 management. The use 
of  awake proning was reported by 19 (26%) respondents. 
There was limited use of  both nitric oxide  (20%) and 

Table 1: Characteristics of respiratory therapists (n=74)
Characteristics Values, n (%)

Qualification
Diploma 5 (6.8)
Bachelor 48 (64.9)
Master 19 (25.7)
PhD 2 (2.7)

Type of hospital
Secondary care 22 (29.7)
Tertiary care 52 (70.3)

Number of beds in hospital
<200 20 (27.8)
200–499 28 (38.9)
500–1000 16 (22.2)
>1000 8 (11.1)

ICU beds
Total number 4883
Mean±SD 67±79

Previous training in MV use 71 (95.9)
Experience and training in MV use

>20‑year experience 4 (5.4)
11–20‑year experience 12 (16.2)
6–10‑year experience 25 (33.8)
≤5‑year experience 33 (44.6)
>20‑year experience and trained 4 (5.6)
11–20‑year experience and trained 10 (14.1)
6–10‑year experience and trained 25 (35.2)
≤5‑year experience and trained 32 (45.1)

ICU – Intensive care unit; SD – Standard deviation; MV – Mechanical 
ventilation
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extracorporeal membrane oxygenation  (20%) in the 
ventilatory management of  COVID‑19 patients.

Barriers and limitations of COVID‑19 clinical 
management
The most reported barriers and limitations in COVID‑19 
clinical management faced by respiratory therapists in Saudi 
Arabia were staff  shortage (51.4%), PPE shortage (51.4%) 
and increased workload  (45.9%). In addition, poor 
training  (43.2%) and lack of  available protocols and 
policies  (37.8%) were the main limitations affecting the 
ventilatory management of  COVID‑19 patients in Saudi 
Arabia. Figure  1 shows the other barriers that include 
patient‑  and system‑related factors. Notably, lack of  
ventilators and hospital beds were not reported as major 

barriers in the management of  COVID‑19  patients. 
Relatively few responders considered governmental 
measures as a potential barrier (8.1%).

DISCUSSION

To the best of  the author’s knowledge, this is the first study 
to report practices and barriers of  ventilatory support 
management of  COVID‑19  patients in Saudi Arabia. 
Our data showed that the practice of  ventilatory support 
management of  COVID‑19 patients in Saudi Arabia was 
inconsistent with the global practice, whereby most frontline 
clinicians followed isolated and varied guidelines with 
limited use of  standardized protocols.[10] The key finding of  
the current study was that staff  and PPE shortage, followed 
by increased workload, poor training and lack of  protocols 
and polices were barriers to effective clinical management of  
COVID‑19 by respiratory therapists. Similarly, a global study 
found that the most common reported limitations were 
increased workload, lack of  trained staff, shortage of  PPE 
and staff,[10] which was also reported by other international 
studies.[12,13] Consistent with a previous study,[10] we purport 
that unavailability or inappropriate national ventilatory 
support management protocols and/or standards at the 
time of  this survey may be critical reasons for our findings. 
Indeed, the establishment of  standardized protocols and 
guidelines for patients’ management has been previously 
associated with increased effectiveness and lower cost.[14]

Interestingly, respiratory therapists with the least number of  
years of  professional experience (<5 years) have the highest 
percentage of  training (45.1%). This finding suggests that the 
tendency to be trained was not directly related to the years of  
experience. Although a relatively high percentage [46 (62%)] 
of  critical care respiratory therapists in Saudi Arabia adhere 
to the World Health Organization and national guidelines, 
there is a striking lack of  nationally accepted clinical 
guidelines for the management of  COVID‑19  patients 
when this survey was performed. However, the Saudi 
Critical Care Society has recently released clinical practice 
guidelines on the management of  COVID‑19 patients who 
need ventilatory support.[15] There is a need for national 
inter‑professional collaboration to overcome the lack of  
adherence to a single guideline/protocol nationally. Our 
findings are in alignment with other reports regarding 
the lack of  universally accepted clinical guidelines for the 
management of  adult COVID‑19 patients.[10]

One notable difference can be found in the reported 
percentages for the initial diagnostic tool used for treatment 
initiation. Arterial blood gas and clinical presentation were 
the main diagnostic tools utilized for decision‑making 

Table 2: Factors considered in the clinical management of 
COVID‑19 patients and the maintenance of ventilators
Characteristics Values, n (%)

Diagnostic tool used to initiate treatment
Arterial blood gas 28 (38)
Chest imaging 4 (5)
Clinical presentation 40 (54)
All of the above 2 (3)

Available protocols
HFNC 25 (34)
NIV 32 (43)
IMV 60 (81)

COVID‑19 guidelines used
Local guideline 34 (46)
National guideline 40 (54)
WHO 46 (62)
AARC 36 (49)
NICE 7 (10)
ANZICS 5 (7)
SCCM 19 (26)

Initial ventilation strategy based on severity
Mild

HFNC 42 (57)
NIV 15 (20)
IMV 8 (11)

Moderate
HFNC 13 (18)
NIV 23 (31)
IMV 32 (43)

Severe
HFNC 1 (1)
NIV 0
IMV 69 (93)

Ventilator management
Suctioning system used

Open 2 (3)
Closed 72 (97)

Ventilator system check
As needed 24 (32)
Every 1–2 h 2 (3)
Every 2 h 6 (8)
Every 4 h 42 (57)

HFNC  –  High‑flow nasal cannula; NIV  –  Noninvasive ventilation; 
IMV – Invasive mechanical ventilation; WHO – World Health Organization; 
AARC  –  American Association for Respiratory Care; ANZICS  –  The 
Australian and New Zealand Intensive Care Society; SCCM – The Society 
of Critical Care Medicine; NICE – National Institute for Health & Care 
Excellence
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regarding the treatment course. However, as opposed 
to the global preference for arterial blood gas, in Saudi 
Arabia, there appears to be more inclination on deciding 
the management plan based on the patient’s clinical 
presentation.[10] This survey also found that access to 
protocols for HFNC and NIV was notably limited 

compared to IMV. Thus, IMV was more widely accessible 
and utilized for both moderate and severe cases, while 
NIV, mostly BiPAP  (47%), was used for mild cases of  
COVID‑19. Despite the lack of  HFNC protocol, 57% of  
respondents reported it as the preferred method to treat 
mild cases of  COVID‑19. These findings are compatible 
with the report by Winck and Ambrosino,[16] whereby 
HFNC was the first line of  respiratory management, 
followed by NIV and IMV.

Surprisingly, 43% of  providers used MV as an initial 
management strategy for moderate cases and 11% used 
IMV for mild cases. This may be due to the shortfall of  
PPE, isolation rooms in the face of  rising infection rate 
and hospital admission similar to those that have been 
previously observed.[17,18] Suctioning plays a key role in 
maintaining airway patency during MV by removing 
secretions. Most of  the respondents (97%) used a closed 
suction system in COVID‑19 patients. A  closed system 
drastically reduces aerosol/droplet generation, essential for 
patients who require high PEEP.[19] However, 3% reported 
utilization of  an open suction system, which increases the 
risk of  atelectasis and infection.[19,20] Interestingly, respiratory 
therapists in Saudi Arabia most commonly monitored 
ventilators every 4 h (57%) followed by “as needed,” while 
globally respondents most commonly reported monitoring 
ventilators as needed.[10] Close and consistent monitoring 
can support early detection of  patient‑ventilator asynchrony 
and other invasive and noninvasive complications.[21‑23] 
These findings are compatible with the current evidence 
regarding ventilator check frequency.[24,25]

Nearly  42% of  the respiratory care providers in Saudi 
Arabia reported using a full‑face mask (46%), followed by 
the use of  an oronasal mask (30%) and helmet (7%) with 
NIV. However, the current evidence recommends using 
helmets over full‑face masks to prevent viral infection 
and to reduce intubation.[16,26] These findings further 
emphasize the importance of  standardized protocols 
and we encourage inter‑professional collaboration to 
develop a national management guideline that aligns with 
internationally accepted standards.[17]

BiPAP  (47%) was used nearly two times more often 
than continuous positive airway pressure (CPAP) (24%) 
compared to globally, where CPAP was more widely 
utilized.[10] Further, although the majority  (36.1%) of  
respiratory critical care providers globally used volume 
control (VC), only 12% of  respiratory therapists in Saudi 
Arabia used it. It should be noted that VC could cause 
barotrauma if  not monitored carefully.[19] On the other 
hand, over half  of  the respondents  (55%) used PRVC, 

Table 3: Management of COVID-19 patients using ventilatory 
support
Variable Values, n (%)

Initial flow setting of HFNC
Below 30 L/m 9 (12)
From 30–45 L/m 31 (42)
>45 L/m 6 (8)

Use of humidification with HFNC 54 (73)
NIV modes

BiPAP 35 (47)
CPAP/PS 18 (24)
PC 10 (14)
VC 5 (7)

NIV interfaces frequently used
Full face mask 34 (46)
Helmet 5 (7)
Nasal mask 7 (10)
Oronasal mask 22 (30)

IMV modes
APRV 4 (5)
PC 20 (27)
PRVC 41 (55)
VC 9 (12)

Humidifier type used with IMV
Heated circuit 17 (23)
Heat and moisture exchanger 56 (76)

Ventilation strategy used in IMV
Low VT ventilation (VT: 4–8 ml/kg of predicted 
body weight)

71 (96)

High VT ventilation (VT>8 ml/kg of predicted body 
weight)

3 (4)

PEEP strategy
Lower PEEP 9 (12)
Higher PEEP 65 (88)

Use of prone with IMV 46 (62)
Prone duration (h/day)

<12 14 (19)
12–16 28 (38)
>16 5 (7)

Reasons for not proning
Limited resources 14 (19)
Lack of training 29 (39)
Complications 15 (20)
Not indicated 10 (14)

Tried awake prone positioning 19 (26)
Frequent use of nitric oxide 15 (20)
Use inhaled pulmonary vasodilator 40 (54)
Use of recruitment maneuvers

Recruitment maneuvers used 50 (68)
Stepwise PEEP adjustment 24 (32)

Inspiratory hold 31 (42)
Use of VV‑ECMO 15 (20)
Use of systemic corticosteroids 30 (41)

HFNC  –  High‑flow nasal cannula; NIV  –  Noninvasive ventilation; 
BiPAP – Bilevel positive airway pressure; CPAP – Continuous positive 
airway pressure; PS  –  Pressure support; PC  –  Pressure control; 
IMV – Invasive mechanical ventilation; APRV – Airway pressure release 
ventilation; PRVC  –  Pressure‑regulated volume control; VT  –  tidal 
volume; PEEP – Positive end‑expiratory pressure; VC – volume control; 
VV‑ECMO – Veno‑venous extracorporeal membrane oxygenation 
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which delivers a set volume within a safe range and limits 
the settings adjustments.[10,27] Alvarez et al. compared VC 
ventilation to PRVC and reported lower peak airway 
pressure.[28] The airway pressure release ventilation was 
used least often  (5%) despite being a viable option. In 
addition, respiratory therapists in Saudi Arabia use PC 
mode as their second preferred mode, which aligns with 
what has been reported globally.[10] PC mode pressure 
offers the option of  pressure adjustment to align with 
varied mung mechanics.[19]

Clinicians in Saudi Arabia and internationally use low 
tidal volume, which aligns with the current guidelines.[10,25] 
On the other hand, respiratory therapists in Saudi Arabia 
report the use of  “high PEEP low fraction of  inspired 
oxygen (FiO2),” despite evidence that there is no difference 
between FiO2/low PEEP or low FIO2/high PEEP in 
ARDS patients.[29] Hence, there is a great need for further 
research to develop an evidence‑based protocol for the 
management of  COVID‑19 through MV.[8]

Mortality prevention can be aided by proning intubated 
patients with severely hypoxemic respiratory failure.[30,31] 
Interestingly, only 26% of  respondents in Saudi Arabia 
attempted awake pronation of  COVID‑19  patients, 
whereas 46% of  respondents globally attempted it.[10] It 
should be noted that a great percentage  (39%) of  the 
respondents in the current study reported a lack of  training 
in proning. Given that this approach is more widely used 
internationally which is indicative of  the feasibility of  this 
technique, but further studies are required to determine 
the effectiveness of  the technique.[28] As a positive aspect 
regarding stepwise PEEP adjustment, the majority (42%) 
of  the respondents in this study used inspiratory hold 
instead. These findings agree with previously published 
evidence concerning an increase in mortality with stepwise 
PEEP adjustment.[21,32]

The results of  this study have important implications for 
both clinical and research purposes. They highlight the 
current strengths and limitations facing a key subset of  
frontline health‑care professionals in Saudi Arabia managing 
COVID‑19  patients needing ventilatory support. These 
findings will help improve clinical management in future, which 
could be of  considerable benefit to both health‑care providers 
and COVID‑19 patients. Further research should focus on 
charting out clear, integrated and consistent guidance for the 
management of  ventilatory support for COVID‑19 patients, 
while simultaneously providing solutions to the major barriers 
and limitations outlined in this survey. This survey is limited 
by the sample size and reduced disciplinary diversity of  the 
respondents. In addition, although the survey has a degree of  
randomness, it may not necessarily represent the experiences 
of  the overall critical care respiratory therapists in Saudi Arabia. 
Thus, interpretation of  this finding should be carried out with 
these in mind.

CONCLUSION

This study shows that the practice of  ventilatory support 
management of  COVID‑19 patients in Saudi Arabia was 
inconsistent with the global current practice, and lacked 
uniformity, with limited use of  standard protocols and 
treatment guidelines. Shortage of  staff  and PPE, increased 
workload and poor training were found to be the most 
prevalent limiting factors affecting COVID‑19 ventilatory 
support management within Saudi Arabia.

Ethical considerations
The Institutional Review Board of  the Armed Forces 
Hospital, Eastern Region, Saudi Arabia, provided ethical 
approval for this study on April 20, 2020. Response to the 
survey was considered as consent for participation. The 
study was conducted in accordance with the Declaration 
of  Helsinki, 2013.

Figure 1: Barriers and limitations of ventilatory support management of COVID‑19 patients
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