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Abstract

Introduction: Prone position improves mortality in patients with acute respiratory distress syndrome
(ARDS). The impact of prone position in critically ill COVID-19 patients remains to be determined. In this
review, we describe mechanisms of action of prone position, systematically appraise current experience
of prone position in COVID-19 patients and highlight unique considerations for prone position practices
during this pandemic.

Methods: For our systematic review, we searched PubMed, Scopus and EMBASE from January 1, 2020 to
April 16th 2020. After completion of our search, we became aware of four relevant publications during
article preparation that were published in May and June 2020 and these studies were reviewed for
eligibility and inclusion. We included all studies reporting clinical characteristics of patients admitted to
hospital with COVID-19 disease who received respiratory support with high flow nasal cannula, non-
invasive or MV and reported the use of prone position. Full text of eligible articles was reviewed and data
regarding study design patient characteristics, interventions and outcomes were extracted.

Results: We found 7 studies (total 1899 patients) describing prone position in COVID-19. Prone position
has been increasingly used in non-intubated patients with COVID-19; studies show high tolerance,
improvement in oxygenation and lung recruitment. Published studies lacked description of important
clinical outcomes (e.g., mortality, duration of mechanical ventilation).

Conclusions: Based on the findings of our review, we recommend prone position in patients with
moderate to severe COVID-19 ARDS as per existing guidelines. A trial of prone position should be
considered for non-intubated COVID-19 patients with hypoxemic respiratory failure, as long as this does
not result in a delay in intubation.

Introduction

The coronavirus disease of 2019 (COVID-19) has infected almost 18 million people worldwide with nearly
700,000 deaths (case fatality rate of 4.8%)(1). Case fatality rates were reported to be approximately 50%
among critically ill patients.(2) A significant proportion of patients admitted to the intensive care unit
(ICU) had severe hypoxemic respiratory failure requiring mechanical ventilation (MV). (3, 4) Given the
current lack of definitive treatments for COVID-19, supportive care with MV remains the cornerstone of
intensive care management in these patients.(5, 6) One of the main adjunctive strategies in patients with
ARDS who required MV is prone position. Given the benefits of prone position in moderate to severe
ARDS (7), the Surviving Sepsis Campaign’s and World Health Organization (WHO) guidelines (8, 9)
recommend prone position for 12 to 16 hours for adults and children with severe COVID-19 ARDS.

The main aims of this narrative review are: (1) describe the mechanisms of action and summarize the
current evidence for prone position in severe respiratory failure, in particular ARDS; (2) systematically
review the current collective experience in prone position in critically ill COVID-19 patients; and (3)
highlight unique considerations for prone position practices during the COVID-19 pandemic.
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Mechanism of Action and Benefit of Prone Position

In ARDS, prone position improves oxygenation through changes in the distribution of alveolar ventilation
and blood flow, improved matching of local ventilation and perfusion, and reduction in regions of low
ventilation/perfusion ratios (Figure 1).(10-12) In addition, prone position may reduce the risk of ventilator-
induced lung injury (VILI) and promote the complementary benefits of high PEEP.(13, 14) Prone position
leads to a decrease in barotrauma and atelectrauma via a few mechanisms: reduction in hyperinflation;
mitigation of overdistension of well-ventilated alveoli during the use of PEEP; and reduction regional
shear strain from cyclical opening and closing of small airways. (13, 14)

Early trials (15-17) showed no mortality benefit with prone position in adults with ARDS but provided
valuable information for the targeted application for prone position. This culminated in a landmark
PROSEVA randomized controlled trial (RCT) (18) which showed a reduction in 28-day mortality in patient
with severe ARDS treated with prone positioning and lung protective ventilation strategies [16% (38/237)
vs. 33% (75/229) in the prone and supine groups, respectively (P<0.001)]. Following this, three meta-
analyses showed a reduction in mortality with the use of prone position (19) particularly in those with
early implementation (20), prolonged adaption of at least 12 hours (11, 20) and in patients with severe
hypoxemia (20) or moderate to severe ARDS (11). These studies have resulted in a strong
recommendation (7) for prone position for more than 12 hours per day for adults with severe ARDS.
These recommendations are currently echoed in WHO (9), Surviving Sepsis (8) guidelines and expert
opinion (21) in the management of COVID-19 ARDS.

Systematic Review of Current Use of Prone Position in COVID-19 Patients

In this subsection, we examine the association between use of prone position and clinical outcomes (e.g.,
mortality and duration of MV) and physiological changes (e.g., improvement in oxygenation, lung
recruitability) that have been reported in patients with COVID-19.

Methods

Search strategy and selection criteria

We included all studies of patients with COVID-19 who received respiratory support with high flow nasal
cannula (HFNC), non-invasive ventilation (NIV) or MV and reported the use of prone position and our
primary outcome, mortality. We limited our search to January 1, 2020 (the day after the first cases were
reported to WHO) to April 16th 2020. After the search was completed, we became aware of four relevant
publications that were published in May and June 2020; these studies were reviewed for eligibility and
inclusion. We did not use language restrictions, but we excluded articles which were unpublished, had not
been peer reviewed, case reports and case series with fewer than 10 patients, expert guidance,
commentaries, guidelines and protocols for management. We searched the following major medical
databases (PubMed, Scopus and EMBASE) with the following keywords: “SARS-CoV-2" OR “SARS-CoV2"
OR “SARSCoV-2" OR “SARSCov2” OR “Coronavirus disease 2019” OR “Novel coronavirus” OR “Novel
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coronavirus 2019” OR “2019 nCoV” OR “COVID-19” OR “Wuhan coronavirus” OR “Wuhan pneumonia” OR
“2019-nCoV"” OR “COVID-19” OR “covid19” OR “covid 19”. We used text keywords rather than MeSH and
Emtree terms as the indexing of the varied terms to COVID-19 was still in progress at the time. Two
authors independently reviewed all abstracts and at least one author reviewed the full text for inclusion.
Any disagreements were resolved by consensus with a third reviewer. Articles were selected for full text
review if the abstract contained keywords such as “critically ill”, “intensive care”, “respiratory support”
“high flow nasal cannula” “non-invasive ventilation” and “mechanical ventilation”. Covidence Systematic
Review Software, Veritas Health Innovation, Melbourne, Australia was used to identify and remove

duplicates (available at www.covidence.org).
Data Analysis

At least one of the authors reviewed full text of eligible articles and extracted data on study design,
patient characteristics [e.g., age, number of females, Pa0,/FiO, ratio, oxygenation index (Ol), oxygen
saturation index (OSI), clinical severity scores including Sequential Organ Failure Assessment (SOFA) and
Acute Physiology And Chronic Health Evaluation Il (APACHE Il) score], interventions (respiratory support,
FiO,, ventilator parameters, use of prone position, duration and timing of prone position, extracorporeal
membrane oxygenation (ECMO), outcomes (mortality, duration of MV) and adverse events associated
with prone position. A priori, provided there were sufficient studies, we planned to perform a meta-
analysis to assess the association of prone positioning with improvement in PaO,/FiO, ratio, duration of
MV and mortality.

Results

We retrieved 8675 references (Figure 2); of which 4236 were duplicates. Of the remaining 4439 unique
abstracts, we identified 7 articles (22-29) describing prone position in COVID-19 patients receiving
respiratory support with HFNC, NIV or MV (Table 1). Six of 7 studies were observational (22-28) while 1
study was a prospective feasibility study (29). Six studies (22, 23, 25, 27-29) included only adult patients,
and 5 were single center (22, 25, 27-29). Three studies included ICU patients alone (22, 25, 26), 3 included
only non-intubated patients outside the ICU setting (27-29) and one study included both ICU and non-ICU
patients(23). Six of 7 studies involved a small number of adult patients (22, 23, 25, 27-29) (Table 1). Only
1 study (26) included a large cohort of 1591 patients and included adult and pediatric patients. Included
studies were clinically heterogenous and there is a paucity of description of clinical outcomes in relation
to prone position, precluding us from performing a meta-analysis and providing a pooled effect estimate
of the impact of prone position on clinically important outcomes

Outcomes

Three of 7 studies (27-29) reported high tolerance of prone position in awake non-intubated patients (63
- 83.9%).
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Three studies showed improvement in oxygenation with prone position (27-29). In a single center study of
24 awake non intubated patients with hypoxemic acute respiratory failure (27), 6/24(25%) patients
showed greater than 20% increase in PaO, (compared with baseline) during prone position. Similarly, in a
study of 15 patients with poor response to NIV (PEEP 10 cm H,0 and FiO, of 0.6) all patients showed
improvement in Sp02 and Pa0,/Fi02 (p<0.001) with prone position.(28) In a third study of 56 patients on
oxygen supplementation or continuous positive airway pressure support, oxygenation substantially
improved from supine to prone positioning (Pa02/FiO2 ratio 180-5 mm Hg [SD 76-6] vs. 285-5 mm Hg
[112-9] in supine and prone positions, respectively; P<0-0001). In 2 studies, improvement in oxygenation
was maintained after resupination in half of those who showed improvement with prone position (27, 29)
although this change was not significant when compared with oxygenation prior to prone position.

An improvement in lung recruitability was seen with prone position (25). In 12 mechanically ventilated
patients, prone position performed over periods of 24 hours when Pa02/FiO2 was persistently lower than
150mmHg resulted in higher proportion of patients of achieved lung recruitment (13/36 vs. 1/17 in the
prone and non-prone groups, respectively, P=0.02).(25) The investigators also reported an increase in
Pa0,/FiO, ratio though this was not statistically significant (182 + 140 in prone vs. 120 + 61 in supine).

Two studies did not report clinical characteristics and outcomes of patients treated specifically with
prone position (22, 26). Only 4 of 7 studies (24, 25, 28, 29) reported mortality in patients treated with
prone position. Reported mortality rates ranged from 6.7 — 100%.(24, 25, 28, 29) However, these studies
which reported mortality lacked control groups and did not adjust for clinically significant patient
characteristics or severity of illness. One study reported no difference in the subsequent need for
intubation in patients who responded to those who responded to prone position compared with those
who did not. (29) None of the studies examined prone position with duration of MV. No serious adverse
events were reported in any of the included studies.(22, 24-29)

Increasing Use of Prone Position in Awake Non-Intubated Patients

There is an increasing use of prone position in non-intubated patients with and without COVID-19. COVID-
19 patients are often treated with NIV or HFNC as the initial modality for respiratory support.(22, 30) The
benefits of prone position should theoretically apply to spontaneously breathing, non-intubated patients,
with improvement in oxygenation while delaying or even avoiding the need for intubation. Collective
evidence and physiological basis of prone position in ARDS have encouraged several ICUs to incorporate
prone position into their management of non-intubated COVID-19 patients.(8, 31) Indeed, we became
aware of 4 studies that were published after completion of our search that described the use of prone
position in non-intubated COVID-19 patients (27-29, 32). Three studies met our inclusion criteria and were
included in our systematic review (27-29) . The fourth study did not fit the inclusion criteria of our review
as patients were on low flow or non-rebreather mask oxygen therapy alone (32) reported use of prone
position in 25 adult COVID-19 patients with severe hypoxemic respiratory failure. In this latter study,
19/25 (76%) patients responded to prone position with improvement in Sp02 > 95% within one hour(32).
Additionally, patients who showed improvement in Sp0O2 > 95% with prone position, showed a lower
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intubation rate of 37% (n = 7) compared with 83% (n = 5) in those whose Sp02 remained < 95% one hour
after prone position (mean difference in intubation rate was 46% (95% Cl, 10% — 88%). (32)

Studies conducted in non-COVID-19 patients with acute respiratory failure showed similarly promising
results although the effect on important clinical outcomes such as mortality and ventilator free days
remain unexplored (33-35). A retrospective study (33) comparing oxygenation (Pa0,/FiO,) pre, during,
and post (6 to 8 hours) prone position in 15 non-intubated adult patients with non-COVID-19 associated
hypoxemic acute respiratory failure showed oxygenation was significantly higher during prone position
with the same PEEP and FiO, throughout the entire duration of prone position (Pao2/Fio2 124+50 mmHg,
187172 mmHg, and 14061 mmHg, during PRE, PRONE, and POST steps, respectively, P<0.001).
However, the oxygenation improvement did not persist after being returned to supine position, and this
was postulated to be secondary to unstable recruitment of dorsal lung regions. Tolerance rate was high
(41/43 prone position procedures, 95%) with no significant adverse effects. In a prospective
observational study of 20 patients with non-COVID-19 associated moderate to severe ARDS (34), 11/20
(55%) patients avoided intubation when treated with a short duration of prone position (1.8h + 0.7, mean
of 2.4+ 1.5 times/day) combined with NIV and HFNC, compared with the expected intubation rate of 75%
in patients with moderate to severe ARDS from prior published studies, although this reduction was not
statistically significant and did not meet the pre-determined threshold of 40% reduction set by the
authors. Of this cohort, 8 patients (73%) had moderate and 3 (27%) had severe ARDS and the addition of
prone position to HFNC and NIV resulted in a 25 to 35mmHg increment of Pa0,/FiO,. A few case reports
also demonstrated similar findings of improved oxygenation in non-intubated patients post lung
transplantation. (35, 36) .

Adverse effects such as pressure sores and tube obstruction associated with prone position in ventilated
patients (11, 37) were not seen in the aforementioned studies in non-intubated patients with same level of
hypoxemia. However, it is important to note that studies on non-intubated patients utilized a much shorter
duration of prone position [median 3 hours (33), at least 30 minutes (34)] than what is recommended in
patients with severe ARDS (7). While collective prior studies suggest that prone position in non-intubated
patients with acute respiratory failure can result in improved oxygenation and reduced need MV, whether
this strongly applies to non-intubated COVID-19 patients remains to be determined as only 4 descriptive
studies (27-29, 32), till date, have been published and further trials in non-intubated prone position in
COVID-19 patients (NCT04383613, NCT04350723) are underway.

Choosing the Right Patient to Prone in COVID-19

Despite limited evidence for prone position in COVID-19, certain radiological features in this disease
suggest that prone position may benefit these patients. Radiological features distinct to COVID-19 include
bilateral multifocal lung involvement with ground glass opacities with predilection for peripheral or
posterior lung fields (38) and vascular thickening. (39, 40) As the infection progresses, lung findings
progress from unilateral multifocal opacities (in the subclinical stage) to rapidly evolving to bilateral
diffuse ground glass opacities (in one week) followed by transition to a consolidative pattern by the
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second week of symptoms (41). Maximal lung involvement on radiological imaging has been found to
peak 10 days from onset of symptoms (42). Given the predilection for posterior lung lobes and bilateral
involvement in COVID-19 pneumonia, prone position may allow recruitment of the diseased posterior
lobes and may be potentially beneficial in this viral pneumonia. However it is important to keep in mind
that COVID-19 ARDS presents as a spectrum of clinical phenotypes with varying degrees of lung
infiltrates, lung recruitability and compliance and hence heterogenous respiratory mechanics (16), with
some patients more or less likely to respond to prone positioning.

Given this clinical heterogeneity, electrical impedance tomography (EIT), a non-invasive imaging tool that
can assess lung recruitment in patients with ARDS may be a useful technique to guide patient selection
for prone position. Studies on adult populations have shown efficacy of EIT as a bedside tool to evaluate
regional ventilation and effectiveness of lung recruitment strategies (43, 44). However, more research on
respiratory mechanics, utility of EIT and the effect of prone position in COVID-19 patients is required in
order for definitive management guidelines to be established.

Limitations and Alternatives to Prone Position

It is important to consider the feasibility and practicality of prone position, particularly given the resource
constraints of the current pandemic. Absolute contraindications to prone position include unstable spinal
or pelvic fractures, open chest or abdomen, central cannulation for ECMO or ventricular assist devices.
Relative contraindications include raised intracranial or intraocular pressure, uncontrolled seizures, recent
cardiac arrhythmias, precarious central line or ECMO cannulae, pregnancy in the second or third trimester
as well as hemodynamic instability or significant coagulopathy. (45, 46) Systematic reviews of prone
position have demonstrated a higher incidence of pressure sores, tracheal tube obstruction and
dislodgement of thoracostomy tubes with prone position (19, 20). However, implementation by an
experienced team with an adequate number of personnel(18) and the use of standardized protocols can
minimize adverse events and occupational injuries to healthcare staff (18, 45, 47). Additionally, many of
the contraindications are unlikely in awake non-intubated patients who may be able to prone and then un-
prone themselves either independently or with minimal assistance. During the current pandemic, where
resource limitations have compromised the delivery of health care, this simple and inexpensive
intervention, particularly when delivered in a standardized manner with appropriate patient selection and
with dedicated proning teams and strict protocols for patient selection, may prove to be a safe and
effective way to reduce the need for MV and perhaps reduce mortality as well.

One case report described the use of “supine chest compression” in two adults with severe ARDS in whom
prone position could not be performed: a 34 year old man with polytrauma and a 45 year old man with
maxillofacial injury and head injury (48). Supine chest compression was performed as an alternative to
prone position by placing 2-kg weight (in the form of iron bars or water bags) on bilateral chest wall while
the patients were in supine position as a new concept to compress the anterior chest wall. Both patients
saw an improvement in Pa0O,/FiO, within 6 hours of chest wall compression without major adverse

effects and serious complications. The authors postulated that the impediment of the more compliant
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ventral chest wall by chest compression technique would result in redistribution of ventilation in favor of
the highly perfused dorsal area, hence increasing ventilation perfusion ratio, similar to the respiratory
mechanics of prone position.

Supine chest compression might be an interesting alternative to prone position particularly during the
COVID-19 pandemic as it may not require dedicated manpower or an increase in use of sedatives and
paralysis, and has a potentially lower risk of adverse events like ventilator disconnection and
endotracheal. Future clinical studies are needed to evaluate the clinical benefits and adverse effects of
supine chest compression in patients with ARDS and also in subgroups such as the pediatric population
and COVID-19 patients. There is an ongoing clinical trial evaluating the effects of supine chest
compression on hemodynamics and respiratory parameters in patients with moderate to severe ARDS
(49).

Discussion

Since the start of the pandemic, prone position has gained importance as an adjunctive treatment
modality which may not only improve short-term outcomes but also lessen the burden on health care
resources by improving oxygenation and hence reducing or delaying the need for intubation. However, our
systematic review revealed that there was a paucity of rigorous data on the potential efficacy of prone
position in COVID-19 patients. As such, recommendations to utilize prone position in COVID-19 patients
has been extrapolated from previous ARDS studies. Preliminary collective experience seems to suggest
that prone position was associated with improvement in lung recruitability in prone position (25) as well
as improved oxygenation (27-29, 32). No significant adverse events were reported with prone position in
any of the studies. However, the level of evidence remains low: studies in our review had small sample
sizes, were observational in design, and had no comparator groups. As such, there remains a gap in the
current evidence for the use of prone position in COVID-19 patients, particularly in non-intubated patients
as well as in relation to clinically significant outcomes such as need for intubation, mortality and duration
of MV. For now, in COVID-19 patients who require MV and meet the criteria for ARDS (50), we recommend
the use of prone position as per the Surviving Sepsis Campaign’s and WHO guidelines (8) (9). In addition,
in our opinion, given the current evidence, a trial of prone position, with close monitoring of clinical
parameters, oxygenation and tolerance should be considered for awake, non-intubated COVID-19 patients
with hypoxemic respiratory failure, as long as they can be appropriately rescued with intubation and MV
if this trial fails as delay in intubation is in itself associated with increased mortality.(51)

COVID-19 disease has resulted in significant and unprecedented demands on healthcare systems around
the world. As healthcare systems adapt to the pandemic, it would be timely to design and conduct both
high-quality observational studies and RCTs that can elucidate the role of low-cost interventions such as
prone position, in both intubated and non-intubated patients. At present there are at least 20 studies
registered (https://clinicaltrials.gov) which aim to investigate the role of prone position in COVID-19. An
intervention such as this is especially important to investigate as it is simple, does not require additional
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costly equipment, and has the potential to help resource poor facilities to improve clinical outcomes and
prevent mortality.
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Author Study outcomes Age Respiratory support ECMO? | Prone | Mortality | Mortality
Date of position | (Overall) (Prone)
Publication
Sample
size (n)
mean | HFNCC | NIVY | MV® n (%) n (%) (n, %) n
(SD?) | n (%) | n (%) n
(%)
Yang et al Primary: 28-day 59.7 33 29 22 6 (12) 6 (12) 32 (62) NAY
215t Feb mortality (13.3) | (63) (55) | (42)
2020 Secondary: need for MV,
n=>51 ARDS?, shock
Ruan et al Clinical predictors of 57.7 41 51 25 7 (5) 3 (2) 68 (45) 3
3™ March outcomes in mild and (NA) 27 (34) a7
2020 severe disease
n =150
Pan et al Respiratory mechanics 59 (9) 9 (75) 9 3 (25) 7 (58) 3 (25) 1
23 March (75)
2020
n=12
Grasselli et | Clinical response in first 63 0 137 1150 | 5 (0.3) 240 405 (25) NA
al 6-24 hours following (56- 9) (72) (15)
6 April ICU” admission 70) *
2020
n =1591
Elharrar et | Primary: proportion of 66.1 19 0 5 0 24 0 0
al responders (PaO, (10.2) (79) 20) (100)
15" May increase =20% between
2020 before and during PP’
n =24 Secondary: PaO,/,
PaCO2k, variation
before, during and after;
feasibility, tolerance,
persistent responders
Sartini et Respiratory parameters 59 0 15 0 0 15 1 (7) 1
al Other: 14-day outcomes (6.5) (100) (100)
15" May (discharged, still
2020 treated with prone or
n=15 intubated)
Coppo et al | Primary: Variation in 57.4 NA 44 0 0 56 5 (9) 5
19" June oxygenation PaO,/ (7.4) (79%) (100)
2020 FiOzlbetween baseline
n =56 L
and resupination
Secondary: safety and
feasibility of prone
position

aECMO extracorporeal membrane oxygenation; ’standard deviation, chigh frequency nasal

cannula; %non-invasive ventilation; ®mechanical ventilation; ‘acute respiratory distress syndrome; 9not available;

hintensive care unit prone position; ‘prone position; /Pa0, (partial pressure of oxygen); “PaO, (partial pressure of

carbon dioxide); ffractional concentration of oxygen in inspired air *Median

(interquartile range).
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Study Selection for Systematic Review of Prone Position in COVID-19 patients
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