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ABSTRACT
Prone positioning in non-intubated patients with COVID-19

Prone positioning is a well-known supportive maneuver to improve oxygen-
ation for patients with moderate to severe acute respiratory distress syndrome
(ARDS). Although this technique is usually performed to sedated patients on
invasive mechanical ventilation, it has been used in non-intubated patients
frequently during the coronavirus diseases-2019 (COVID-19) pandemic.
Favorable outcomes have been reported mainly in combining the prone posi-
tioning with high flow nasal cannula (HFNC) or non-invasive ventilation
(NIV). Due to limited data, a standard approach for the awake prone position-
ing has not yet been defined. In this manuscript, we reviewed the literature
data about prone positioning in non-intubated patients with COVID-19.
According to available literature data, we concluded that prone positioning in
non-intubated COVID-19 patients may improve oxygenation and prevent the
need for invasive mechanical ventilation. But the efficacy is still controversial
in the early stage of the disease due to pulmonary mechanics. Further studlies
are needed to the defined optimal approach of awake prone positioning in
COVID-19 patients with hypoxemic respiratory failure.
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Entiibe olmayan COVID-19 hastalarinda pron pozisyon

Yazisma Adresi (Address for Correspondence) Pron pozisyon, orta ila siddetli akut solunum sikintisi sendromu (ARDS) olan

hastalarda oksijenazyonu iyilestirmek icin destekleyici bir manevradir. Bu

Dr. Aslihan GURUN KAYA teknik genellikle invaziv mekanik ventilasyon destegi altindaki sedatize hasta-
Ankara Universitesi Tip Fakiiltesi, larda uygulanmasina ragmen, Coronaviriis-2019 (COVID-19) pandemisinde
Gogiis Hastaliklart Anabilim Daly, siklikla entiibe olmayan hastalarda da uygulanmistir. Ozellikle yiiksek akish
ANKARA - TURKIYE nazal kaniil (HFNC) veya non-invaziv ventilasyon (NIV) tedavileri ile birlikte
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veri olmasi nedeniyle, uyanik pron pozisyon uygulamasi icin standart bir yak-
lasim heniiz tanimlanmamustir. Bu yazida, COVID-19 tanili entiibe olmayan
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hastalarinda pron pozisyon uygulamalarinin, hastalarin oksijenasyonunu iyilestirebilecegi ve invaziv mekanik ventilasyon ihtiyacini
azaltabilecegi diisiiniilmektedir. Ancak pulmoner sistem mekanikleri iizerine etkileri nedeniyle hastaligin erken evresinde etkinlik hala
tartismalichr. Hipoksemik solunum yetmezligi olan COVID-19 hastalarinda pron pozisyon icin standart yaklasimlarin belirlenebilmesi

icin daha fazla calismaya ihtiyag bulunmaktadir.

Anabhtar kelimeler: Pron pozisyon; COVID-19; hipoksemik solunum yetmezligi

Prone positioning is a well-known supportive maneu-
ver to improve oxygenation for patients with moder-
ate to severe acute respiratory distress syndrome
(ARDS). This technique is usually performed to sedat-
ed patients on invasive mechanical ventilation (1).

Although the possible positive effects of prone posi-
tioning in non-intubated patients have been shown, it
has been used more frequently during the coronavi-
rus  diseases-2019  (COVID-19)  pandemic.
Furthermore, favorable outcomes have been reported
mainly in combining the prone positioning with high
flow nasal cannula (HFNC) (Figure 1) or non-invasive
ventilation (NIV) (2,3). Coppo and colleagues con-
ducted a prospective study to evaluate the effects of
prone positioning in non-intubated patients with
acute respiratory failure due to COVID-19. Fifty-six
patients were included to this study, and it was

Figure 1. Combined HFNC treatment and prone positioning in
a patient with COVID-19 pneumonia.
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reported that oxygenation significantly improved
from supine to prone positioning (partial arterial oxy-
gen pressure/fraction of inspiratory oxygen - PaO,/
FiO, ratio 180.5 + 76.6 vs 285 + 112.9 p< 0.0001).
But only 50 % of study patients could maintain this
improved oxygenation after resupination, and this
improvement was not significant compared with
before prone positioning (4). In another study by
Caputo et al. it was shown that oxygenation signifi-
cantly improved after 5 minutes of prone positioning
in patients suspected COVID-19 with hypoxia on
arrival to the emergency department. Thirteen of
these fifty patients (24%) required endotracheal intu-
bation within 24 hours. Notably, most of these
patients required endotracheal intubation consisted
of patients whose oxygen saturation measured by
pulse oximeter (SpO,) value could not be achieved
95 % with the prone position in the 5" minute (5). In
another study, Thompson and colleagues reported
that 25 of 29 patients in their study had an awake
prone position at least one hour and after one-hour
SpO, level increased compared with the baseline
(median [SE], 7% [1.2%l]; 95% Cl, 4.6 %-9.4%) (6).
Elharrar et al. reported that among the 24 study
patients, four patients did not tolerate prone position
more than one hour, five of them tolerated 1 to 3
hours, and 15 of them tolerated prone position more
than three hours. Although oxygenation of 25% of
study patients improved during prone position, it did
not sustain in half of those after resupination (7).
These studies are summarized in Table 1.

In addition to these studies, several cases and case
series were reported a potential improvement in oxy-
genation with prone positioning in non-intubated
patients with COVID-19 infection (3,8-12).

The Main Physiological Effect of Prone Positioning in
Hypoxemic Respiratory Patients

The prone positioning improves oxygenation with
different mechanisms, including decreasing the ven-
tral-dorsal transpulmonary pressure difference, reduc-
ing dorsal lung compression, and improving lung
perfusion, increasing functional residual capacity
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(FRC). Moreover, the distribution of extravascular
lung water and mobilisation of secretions may have
other beneficial effects of prone positioning, that pro-
vide improving ventilation.

The main effect of prone positioning is reducing the
differences between ventral and dorsal pleural pres-
sure. On supine position, dorsal pleural pressure is
higher than ventral pleural pressure. Besides that,
alveoli medial posterior and posterio-caudal lung
parenchyma collapse due to both heart and dia-
phragm compression. After placing prone position,
the heart becomes dependent, and diaphragm dis-
places caudally. These changes lead to a decrease in
lung compression. These collapsed alveoli may be
recruited with prone positioning. Although less than
ventilation, the prone position also has effects on
perfusion. Improved perfusion of the dependent lung
regions with prone positioning is thought to be par-
tially responsible for the improved oxygenation.
Prone positioning may also prevent atelectasis and
improve recruitment of pulmonary parenchyma by
improving secretion management (3,13-15).

Gattinoni et al. hypothesized that lung compliance is
high, and recruitability is minimal in the early phases
of COVID-19 pneumonitis. The predominant cause of
hypoxemia in this phase is impaired pulmonary per-
fusion. In these early phases, prone positioning could
temporarily improve ventilation/perfusion mismatch.
With disease progression, COVID-19 pneumonitis
starts behaving like typical ARDS with low lung com-
pliance and high recruitability (16). For this reason, it
is thought to sustained efficacy of the prone position-
ing could be seen in late phases of COVID-19 (13).

Applications of Prone Positioning

Due to limited data, a standard approach for the
awake prone positioning has not yet been defined.
While most of the cases were reported with the prone
and resupine position, some experts recommended
positioning protocols include the prone position, fol-
lowed by left lateral decubitus, right lateral decubi-
tus, and upright sitting position (5,17).

Selection of Appropriate Patient

Although there is no consensus on the selection/
exclusion of the appropriate patient yet, the inclusion
characteristics of the patients for awake prone posi-
tioning in the reports are similar. Awake prone posi-
tioning is not suitable for patients with severe respira-
tory failure (PaO,/FiO, < 100) due to the risk of
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delaying intubation and subsequent treatment failure.
Also, recent abdominal surgery increased intraab-
dominal pressure, facial injuries and unstable frac-
tures are defined as a contraindication for prone
positioning (10,14).

Huang et al. declared their selection criteria for prone
positioning; 1) SpO, < 92% under 6 [t/min nasal oxy-
gen or 50% FiO2 venturi mask or PaO,/FiO, < 200,
2) radiological opacities bilaterally, 3) respiratory rate
< 30/min, 4) not using accessory muscle for breathing
(18). Bower et al., reported that they applied awake
prone positioning to patients with mild to moderate
ARDS, but not requiring immediate intubation,
increased respiratory rate (> 40/min), accessory respi-
ratory muscle use, tachycardia > 100, decreased
systolic blood pressure (< 100 mmHg) and unstable
spine/body habitus (19). In another case series by
Paul et al. selection criteria for awake prone position-
ing were described as; acute hypoxemia related
COVID-19, oxygen requirements (> 2 It/min) to
maintain SpO, 92%, able to communicate, follow
instructions and able to prone/supine themselves
with minimal assistance. Besides that, in this study,
hemodynamic instability, facial/neck trauma, spinal
instability, significant hemoptysis and pregnancy
were determined as exclusion factors for prone posi-
tioning (3). Damarla et al. reported nine adult
COVID-19 patients receiving prone positioning who
have rapidly increasing oxygen requirements necessi-
tating intensive care admission, but not requiring
invasive mechanical ventilation yet. The authors also
indicated that patients requiring urgent mechanical
intubation were not eligible for proning (12).
Thompson et al. performed a study with 88 patients
to evaluate the efficacy of prone positioning in
non-intubated COVID-19 patients. Inclusion criteria
for prone positioning were defined as increased
respiratory rate (> 30 breaths/ min) and SpO,, of 93%
or less while receiving supplemental oxygen 6 L/min
via nasal cannula and 15 L/min via nonrebreather
face mask. The patients who had altered mental sta-
tus, extreme respiratory distress requiring invasive
ventilation were excluded (6). According to this evi-
dence, mild to moderate hypoxemic patients who
can able to cooperate with medical staff may suitable
for awake prone positioning. Altered mental status,
hemodynamic instability, face trauma, clinical situa-
tions related increases intraabdominal pressure, spi-
nal instabilities, or fractures can be determined as a
contraindication.
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Duration of Prone Positioning

The optimal duration is suggested about 12-16 hours
per day for patients in invasive mechanical ventila-
tion with moderate to severe ARDS. A meta-analysis
by Munshi et al. revealed that prone position could
lead to decrease in the rate of mortality in patients
with severe ARDS when applied to patients for least
12 hours a day (20). Unlike sedated ARDS patients in
invasive mechanical ventilation, the duration of the
prone position in non-intubated patients is dependent
on tolerance and comfort of patients. The duration
was declared varies 30 minutes to 8 hours in previous
reports. Also, each session was applied 2-3 times or
more during the day in those reports. In the study by
Coppo et al. 47 of the total 56 patients were feasible
for prone positioning at least 3 hours (median 3 hours
[IQR 3-4]). Oxygenation significantly improved from
supine to prone positioning. But after resupination,
improved oxygenation level could be maintained in
only 23 patients (4). Ng et al. observed that one of ten
patient who was undergone prone positioning
required invasive mechanical ventilation. They
applied prone positioning for 1 hour each session,
five sessions per day, each spaced 3 hours apart
during waking hours. When they compared with their
center data, prone positioning was associated with
lower intubation rate in COVID-19 patients who
required supplemental oxygen (10% vs 60%) (11). Xu
et al. reported 10 COVID-19 patients who were
received awake prone positioning with HFNC thera-
py. The authors stated mean PaO,/FiO, improved
after a prone position, and none of the cases required
invasive mechanical ventilation. The target time of
prone positioning is more than 16 hours per day in
these cases (21). As can be seen in recent data, there
is no consensus yet on the optimal duration in the
awake prone position. Also, available data suggest
that the longer duration of the prone position may
associate with treatment success. However, if it is
determined that the patient does not benefit or dete-
riorated under the prone position, the prone position
should not be prolonged, and other supportive treat-
ment options should be considered.

Follow-Up of the Patients During Prone Positioning

The tolerance and monitoring of patients during
prone positioning are essential factors for treatment
success. Monitoring parameters have not well-identi-
fied for treatment success. In the report by Huang et
al. where prone position and HFNC combination

therapy were evaluated, the authors suggested to ter-
minate the prone position if the patient cannot toler-
ate the prone position, in the presence of clinical
deterioration, and the ROX index is < 4.88 despite
optimal HFNC therapy (18). ROX index is defined as
the ratio of SpO,/FiO, to respiratory rate to predict of
clinical outcomes of patients who received HFNC
treatment. Still, it has not been validated in patients
with COVID-19 (11,22). Jiang et al. recommended
some follow-up requirements as the following;
patients should be made as comfortable as possible
with placing a pillow and using the toilet beforehand.
A call bell should be placed at the bedside that
patients can reach. The patients should be supported
via enough oxygen via conventional oxygen, HFNC
or NIV as well as being on a continuous respiratory
monitor. The patients should be provided with an
instructional handout which includes a visual aid
explaining the position. Patients are re-assessed by
care providers or nursing every 30 minutes for the
first hour and every hour for the following two hours
(17).

The Complications of Prone Positioning

There are potential complications of prone position-
ing. Unable to tolerate prone position due to body
discomfort may lead to anxiety in these patients and
they may require light sedation. Pressure ulcers are
another common complication of prone positioning.
Pillows or blankets could be placed under the risk for
pressure ulceration such as the hips/pelvis (17).
Gastric distention and gastroesophageal reflux, vom-
iting may be seen in these patients. Accidentally dis-
connection of oxygen supplement system may pres-
ent during prone positioning. To detect any clinical
deterioration, the patients should be monitored close-
ly during prone positioning (3).

Conclusion

In conclusion, prone positioning in non-intubated
COVID-19 patients may improve oxygenation and
prevent the need for invasive mechanical ventilation.
The prone position can be applied to patients receiv-
ing HENC and NIV therapy, as well as patients receiv-
ing conventional oxygen support. But the efficacy is
still controversial in the early stage of the disease due
to pulmonary mechanics. Further studies are needed
to the defined optimal approach of awake prone posi-
tioning in COVID-19 patients with hypoxemic respi-
ratory failure.
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