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Abstract

Background: During the COVID-19 pandemic, many more patients were turned prone than before, resulting in a
considerable increase in workload. Whether extending duration of prone position may be beneficial has received little
attention. We report here benefits and detriments of a strategy of extended prone positioning duration for COVID-
19-related acute respiratory distress syndrome (ARDS).

Methods: A eetrospective, monocentric, study was performed on intensive care unit patients with COVID-19-related
ARDS who required tracheal intubation and who have been treated with at least one session of prone position of
duration greater or equal to 24 h. When prone positioning sessions were initiated, patients were kept prone for a
period that covered two nights. Data regarding the incidence of pressure injury and ventilation parameters were
collected retrospectively on medical and nurse files of charts. The primary outcome was the occurrence of pressure
injury of stage > Il during the ICU stay.

Results: For the 81 patients included, the median duration of prone positioning sessions was 39 h [interquartile
range (IQR) 34-42]. The cumulated incidence of stage > Il pressure injuries was 26% [95% Cl 17-37] and 2.5% [95%
Cl 0.3-8.8] for stages IIl/IV pressure injuries. Patients were submitted to a median of 2 sessions [IQR 1-4] and for 213
(94%) prone positioning sessions, patients were turned over to supine position during daytime, i.e., between 9 AM
and 6 PM. This increased duration was associated with additional increase in oxygenation after 16 h with the PaO,/
FiO, ratio increasing from 150 mmHg [IQR 121-196] at H+ 16 to 162 mmHg [IQR 124-221] before being turned back
to supine (p=0.017).

Conclusion: In patients with extended duration of prone position up to 39 h, cumulative incidence for stage > |l
pressure injuries was 26%, with 25%, 2.5%, and 0% for stage I, lll, and IV, respectively. Oxygenation continued to
increase significantly beyond the standard 16-h duration. Our results may have significant impact on intensive care
unit staffing and patients'respiratory conditions.

Trial registration: Institutional review board 00006477 of HUPNVS, Université Paris Cité, APHP, with the reference: CER-
2021-102, obtained on October 11th 2021. Registered at Clinicaltrials (NCT05124197).
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hospitalizations in intensive care units (ICU) [1]. A
vast majority of these patients (80%) have required tra-
cheal intubation and invasive mechanical ventilation
[2]. Whether or not acute respiratory distress syndrome
(ARDS) physiopathology is the same in COVID-19 and
non-COVID-19 patients has been strongly debated [3,
4]. However, a relative consensus exists on the benefits
of prone position (PP) [5, 6] and 70% of patients with
COVID-19-related ARDS have been turned prone [2]
contrary to non-COVID-19 ARDS [7, 8].

Failure of early studies on PP to demonstrate a survival
benefit in non-COVID-19 ARDS has been attributed to
the insufficient duration of sessions. The first study to
demonstrate a clear improvement in survival applied PP
sessions of 17 h [9] and the recommended duration of PP
is currently of at least 16 h [10]. Pressure injuries are the
main complications associated with this technique [11,
12] and are associated with longer stays, higher costs, and
higher mortality [10, 11].

Adherence to duration recommendations implies,
however, that patients are turned prone between once
and twice daily. Such a high frequency has several major
drawbacks: intense workload, increased risk of accidental
central venous catheter or tracheal tube removal at each
procedure; ICU nurse and physician immobilization dur-
ing the procedure; overall fatigue; viral exposition and
time spent putting and removing personnel protective
equipment. The high prevalence of overweight and obe-
sity in COVID-19 patients only amplifies risks of muscu-
loskeletal injuries for healthcare professionals.

For all these reasons, we decided since the beginning of
the first wave of COVID-19 to extend the duration of PP
sessions up to 48 h to minimize the number of turning
procedures thus limiting staff exposure to viral contami-
nation and reducing staff workload.

The primary objective of this retrospective observa-
tional study was to assess the safety of our strategy of
extending prone position duration in a cohort of patients
hospitalized for COVID-19-related ARDS by reporting
the cumulative incidence of pressure injuries [15]. The
secondary objectives were to determine the risk factors
associated with the occurrence of pressure injuries and to
quantify changes in oxygenation and ventilatory param-
eters during PP sessions of extended duration.

Methods

Study design and patients

This is an observational retrospective cohort study per-
formed in a university-affiliated ICU from a tertiary cen-
tre where PP is routinely performed as first-line strategy
during mechanical ventilation of ARDS patients with
PaO,/FiO, ratio less than or equal to 150 mmHg, what-
ever the aetiology [16]. Before the COVID-19 pandemic,
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duration of PP could be extended to a maximum of
24 h to avoid supine repositioning during nighttime. At
the beginning of the COVID-19 pandemic, because of
rationing of care and for practical reasons, PP duration
was extended for up to a maximum of 48 h, and this new
extended duration became the new standard of care.
The present study was designed after the third Parisian
COVID-19 surge and is thus an observational retrospec-
tive cohort study. Patients were included if they met the
following criteria: being hospitalized in ICU for a PCR-
proven COVID-19 infection between March 1, 2020, and
April 30, 2021, having an ARDS [17] requiring tracheal
intubation, having been submitted to at least one ses-
sion of PP of a duration strictly greater than 24 h and
age 18 years old or over. Exclusion criteria were as fol-
lows: transfer to another ICU after their initial admission
in the ICU (because of ICU-bed shortage, ICU patients
from the Parisian area were regularly transferred to other
regions in France where the epidemic was less strong),
missing information about prone position sessions or
cutaneous evaluation, refusal to consent.

Outcomes

The primary outcome was the occurrence of pressure
injury of stage>1II during the ICU stay. Pressure inju-
ries were defined as “a localized injury to the skin and/
or underlying tissue usually over a bony prominence, as a
result of pressure, or pressure in combination with shear”
[18]. The occurrence of pressure injuries was evaluated
retrospectively from specific pressure injury files and reg-
ular nursing charts. Gradation was made according to the
Revised Pressure Injury Staging System [15] which states
that a stage 1 pressure injury was defined as intact skin
with a localized area of nonblanchable erythema, a stage
2 as a partial thickness loss of skin with exposed dermis,
a stage 3 as a full thickness skin loss and a stage 4 as a
full thickness skin and tissue loss. Secondary outcomes
were the occurrence of pressure injury of stage > III, the
changes in oxygenation and ventilatory parameters at
four different time points of the PP session: before PP
session, after 16 h of PP, at the end of PP session (i.e.,
before turning back to supine), and after turning back to
supine position.

Exposure: protocol for PP

Patients were placed in prone position when the PaO,/
FiO, ratio was less than or equal to 150 mmHg. PP was—
except in case of life-threatening hypoxemia—always
initiated during daytime, and patients were kept prone
for a period that covered two nights. They were put back
in the supine position around 11 AM following the sec-
ond night and post-PP gas were drawn one hour after
being placed back into supine position. Except in case
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of significant respiratory deterioration, PP sessions were
spaced 24 h apart (Additional file 1: Fig. S1). Prone treat-
ment was stopped when the FiO, requirement was less
than or equal to 60%, when the PaO,/FiO, was greater
than 150, and when the PEEP was inferior or equal to
12 ¢cm of H,O. Enteral nutrition was continued during
all PP sessions, in the absence of intolerance and with an
objective of 20-30 kcal/kg per day. Enteric tubes were
not required to be post-pyloric prior to proning.

Concerning PP installation, the proning team included
the nurse, the assistant nurse, the resident, and the fel-
low in charge of the patient and between one and three
additional persons that could be a physiotherapist, or
other residents or medical students. No mechanical assist
devices were used. The patient was positioned with a tho-
racic cushion under their shoulders, freeing the neck. A
pelvic cushion was placed at the level of the iliac bones.
The head cushion was placed in such a way as to render
the endotracheal tube visible and accessible and to avoid
pressure points on the eyes, the nose or the chin. The
arms were placed at the side of the body with the palms
of the hands facing upwards. The feet protruded from the
bed. The bed was positioned proclive at 20°. Every 4 h the
head was repositioned and eye care was performed. The
position of the patient and his installation was adapted
according to size and morphology. This protocol is in
accordance with the guidance of Intensive Care Society
and The Faculty of Intensive Care Medicine [19].

Protocol for the prevention and management of pressure
injuries

Pressure injuries prevention methods were part of daily
care and encompassed alternating-air mattresses, regu-
lar repositioning, and daily nurse skin assessment [20].
Despite this protocol, if, at any time of the ICU stay, a
patient developed pressure injuries stage II or above, a
specific and dedicated “pressure injuries file” was com-
pleted. Pressure injuries of stage I were not specifically
monitored.

Management of COVID-19-related ARDS
The diagnosis of COVID-19 was made by means of a
PCR test performed on an oro-pharyngeal swab or an
endotracheal aspirate. From July 2020 onwards, patients
were systematically given corticosteroids [21] (Dexa-
methasone 6 mg per day for 10 days or 10 mg per day in
case of body mass index >30) in combination with anti-
IL6 immunotherapy (Tocilizumab 8 mg per kg (maxi-
mal dose 800 mg). The bolus of anti-IL6 immunotherapy
could be repeated 72 h later.

ARDS was managed according to the recommenda-
tions of the French intensive care society (SRLF) [10].
Patients were deeply sedated based on the Richmond
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agitation sedation scale (RASS) with a RASS -5 as target.
During the first 48 h of ARDS, patients systematically
received neuromuscular blocking agents. In cases where
patients required PP after the first 48 h, neuromuscu-
lar blocking agents were maintained as long as patients
required PP. Protective ventilation was provided with a
tidal volume of 6-8 ml/kg of their predicted body weight
[22]. The positive end expiratory pressure (PEEP) was set
to a minimum of 8 cm of H,O with a plateau pressure less
or equal to 30 cm H,O. In case of PaO,/FiO, less than
80, inhaled nitric oxide (iNO) was added. In case of non-
response to iNO in terms of PaO,, the use of extracor-
poreal membrane oxygenation (ECMO) was discussed.

Data collection

Demographics data were collected from medical files.
Patients with a history of either chronic heart failure,
ischemic heart disease or peripheral arterial disease were
grouped under the term of “history of cardiovascular dis-
ease”. Patients with a history of either chronic obstructive
pulmonary disease, asthma, or chronic respiratory failure
were grouped under the term of “history of respiratory
disease” Cutaneous complications were retrieved from
specific “pressure injuries files” and nursing charts. Inci-
dence of brachial plexus injury and in-hospital mortal-
ity were retrieved from medical files of the last hospital
ward. Ventilatory parameters were retrieved from the
daily monitoring charts and blood gas results from com-
puterized records. For each PP session, values of PaO,,
PaCO,, PaO,/FiO, ratio, PEEP and dynamic respiratory
system compliance were collected. Sessions were quali-
fied as being “O,-responders” if they were associated
with an increase in the PaO,/FiO, ratio of more than
20 mmHg at H+ 16 after the beginning of the prone ses-
sion [23, 24].

Statistical analysis

Descriptive data are presented as percentage for cat-
egorical variables, and as median [25th-75th inter-
quartile range] for quantitative variables. Differences in
demographical data between the analysed patients and
the excluded population were assessed with the Fisher’s
exact test or Wilcoxon test. The cumulative incidence
of pressure injuries during the stay is estimated with its
exact binomial 95% confidence interval. Factors associ-
ated with the occurrence of a pressure injury during the
stay are studied using a univariate logistic model. Crude
odds ratios are reported with their asymptotic 95% confi-
dence interval and the p value of the Wald test. The evo-
lution of gas exchanges parameter between time points is
described with median and interquartile ranges. In order
to take the correlation between responses across differ-
ent PP sessions of the same patient into account, a linear



Walter et al. Critical Care (2022) 26:208

mixed model is used, with the parameter as response
variable and the patient as random intercept. The inter-
cept coefficient and its standard error were estimated by
minimizing the restricted maximum likelihood. The p
value and 95% confidence interval were derived accord-
ing to the Satterthwaite approximation. A p value inferior
or equal to 0.05 was considered as statistically significant.
All analyses were done in R version 4.1.2. (The “R”
Foundation for Statistical Computing, Vienna, Austria).
Data that support the findings of this study are available
from the corresponding author on reasonable request.

Ethical approval

This study was approved by the Ethics Evaluation
Committee of Biomedical Research Project (Comité
d’Evaluation de I'Ethique des projets de Recherche Bio-
médicale (CEERB)) Paris Nord (institutional review
board—IRB 00006477 of HUPNVS, Université Paris Cité,
APHP) with the following reference CER-2021-102 and
registered at Clinicaltrials (NCT05124197). Due to the
retrospective design of the study, written consent was
waived and the registration at Clinicaltrials was com-
pleted once we decided to report our experience and
results with the extended PP strategy. Patients and fami-
lies were informed of their right to decline use of their
data for the research.

Results

Participants

Between March 1, 2020, and April 30, 2021, 121 patients
were included (Fig. 1). The analysed sample was com-
posed of 81 patients, after exclusion of 23 patients trans-
ferred to another ICU and 17 patients whose medical files
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were incomplete. Demographic characteristics of the ana-
lysed sample and excluded patients were similar except
for the status of active smoker (Table 1). The median age
was 60 (interquartile range [IQR] 51-67) years and more
than half were obese (median Body Mass Index 31 [IQR
27-36], Table 1). None of them presented with pres-
sure injury upon admission into the ICU. All had severe
COVID-19-related ARDS and required PP (median
PaO,/FiO, ratio before first PP session 78 mmHg [IQR

Table 1 Baseline characteristics of the analysed patients (n=281)
and the excluded patients (n=40)

Baseline characteristics Analysed Excluded p* for
patients patients diff
(n=281) (n=40)
Age, years 60 [51-67] 60 [52-67] 0.97
BMI, kg/m? (missing = 3) 31 [27-36] 30 [28-34] 0.50
SAPS Il score 38 [30-46] 38 [28-50] 0.98
Sex, male 58(72) 24 (60) 0.22
Active smoker 13(16) 102 0.03
Type 2 diabetes 22 (27) 11(28) 0.88
History of cardiovascular 8(10) 1(2) 0.27
disease**
History of respiratory 8(10) 410 1
disease***
Chronic kidney disease 5(6) 4(10) 048
Cirrhosis 5(6) 0(0) 017

Data are presented as No. (%) or median [interquartile range]
BMI, Body Mass Index; SAPS I, simplified acute physiology score

*Fisher exact test or Wilcoxon test; **chronic heart failure, ischemic heart disease
or peripheral arterial disease; ***chronic obstructive pulmonary disease or
Asthma.

Bold formatting of p value indicates a statistically significant value

81 patients were analysed

4 N\
139 patients were screened between
the 1** March 2020 and the 30* April ~ ~
2021 18 Were not included
~ , —~ 8 Did not have a COVID-19 related ARDS
L ~ 9 Did not benefit from any proning session
1 Had a single proning session lasting for 17 h/
121 patients were included
V-~ R\
~ 4 40 Were excluded
23 Evacuated to another center
17 Had a missing or incomplete folder
- g

Fig. 1 Flowchart of the study. COVID-19 = Coronavirus disease 2019, ARDS = Acute respiratory distress syndrome
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67-100]. In addition, 34 (42%) patients received inhaled
nitric oxide (42%), and 17 (21%) required the use of extra-
corporeal membrane oxygenation. In-hospital mortality
rate was 31% (n=25) (Table 2).

Prone positioning sessions

A total of 227 PP sessions were performed during the
study period. Patients had a median of 2 [IQR 1-4] ses-
sions that lasted for a median of 39 h [IQR 34 — 42].
Supine repositioning was planned in the vast majority
of cases (n=201, 89%). Unplanned supine reposition-
ing were mostly secondary to the death of the patient
(n=7, 3%) or the need for an ECMO cannulation
(n=5, 2%) (Table 3). Only 2 (0.9%) PP sessions were
terminated early because of cutaneous complications.
PP sessions with an unplanned turned to supine had a
median duration of 25.25 h [IQR 18.00-28.75]. For 213
(94%) PP sessions, patients were turned over to supine
position during daytime, i.e., between 9 AM and 6 PM.
In comparison, had PP sessions lasted strictly for 16 h,
half of them (n=117, 52%) would have required a turn-
ing back to supine between 6 PM and 9 AM, i.e., dur-
ing night shifts. Of the 227 PP sessions, 2 (0.9%) were
performed without continuous neuromuscular block-
ers and 13 (6%) were performed under veno-venous-
ECMO. Enteral feeding could be continued throughout
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Table 3 Reported reasons for ending prone position sessions

Reasons for turning back to supine All prone
position
sessions
(n=227)

Planned 89)

3
2
2

201 (
Death while in prone position 7 (
No response in terms of increase in the PaO,/FiO, ratio 5(
Indication for ECMO 5(
Other 3(1
Cutaneous complications 2(1
Tracheal tube obstruction 2(1

1(0

1(

0

)
)
)
)
)
)
Computed tomography )
)

No reason reported

Data are presented as No. (%)

PaO,, partial pressure of dioxide in arterial blood; FiO,, fraction of inspired
oxygen; ECMO, Extracorporeal Membrane Oxygenation

Bold formatting of p value indicates a statistically significant value

154 (68%) sessions. No unscheduled extubation nor
dislodging of catheters (including ECMO cannula) was
reported. One patient (1.2%) suffered from a brachial
plexus injury that fully recovered.

For 51 sessions, patients did not tolerate being left
supine and PP was resumed before 11 AM the next
morning.

Table 2 Patients'respiratory parameters before the first prone position session, respiratory management and outcome

Variables Analysed patients
(n=81)
PaO,/FiO, ratio, mmHg (missing=5) 78 [67-100]
PEEP, cmH,0O 12 [10-13]
Driving pressure, cmH,0 (missing=13) 12 [10-14]
Respiratory system compliance, mL/cmH,0 (missing=13) 34 [27-43]
ICU length of stay, days 19 [12-30]
Duration of mechanical ventilation, days 21[9-30]
Duration of proning sessions, h 39 [34-42]
Number of proning sessions 2[1-4]
Continuous neuromuscular blockers 81 (100)
ECMO 17.(21)
Nitric oxide 34 (42)
Renal replacement therapy 5(6)
ICU mortality 24 (30)
At least one pressure injury 21 (26)
At least one pressure injury of stage Il or IV 2(2)
At least one proning session with catecholamines 37 (46)

Data are presented as No. (%) or median [interquartile range]

Pa0,, partial pressure of dioxide in arterial blood; PaCO,, partial pressure of carbon dioxide in arterial blood; PEEP, Positive End Expiratory Pressure; ICU, intensive care

unit; ECMO, Extracorporeal Membrane Oxygenation

Bold formatting of p value indicates a statistically significant value
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Pressure injuries and associated factors

The cumulative incidence of pressure injuries during
the stay was 26% (95% CI 17-37) for stage >1II pressure
injuries and 2.5% (95% CI 0.3—8.8) for stages III/IV pres-
sure injuries. Out of the 43 recorded pressure injuries, 42
(98%) were located on the ventral side of the body (Addi-
tional file 2: Table S1). The number of stages II, III, and
IV pressure injuries was 41, 2, and 0 respectively. The two
main factors associated with the occurrence of pressure
injuries were the cumulative duration of PP sessions (OR
1.33, 95% CI 1.11-1.63 per 24 h, p=0.0015) and the ICU
length of stay (OR 1.05, 95% CI 1.01-1.10 per additional
day, p=0.021) (Table 4). The duration of each session was
not associated with pressure injury occurrence. None of
the stage III/IV injuries required surgical debridement.

Evolution of oxygenation and ventilatory parameters

PP was associated with significant increase in oxygena-
tion and decrease in PaCO, between pre-PP session and
after turning back to supine (Additional file 2: Table S2).
Notably, PaO,/FiO, also increased significantly during
PP (Fig. 2). Moreover, the increase of PaO,/FiO, ratio,
between pre-PP and after turning back to supine of the
first PP session, was associated with a reduced ICU mor-
tality (OR 0.89, 95% CI 0.83—0.97 per 10 mmHg increase,
p<0.01).
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To assess the additional benefit in terms of improved
oxygenation of our strategy over that of a 16-h session,
we compared oxygenation parameters measured around
the 16th hour of PP and those measured at the end of the
extended PP session (i.e., before turning back to supine).
In this period (Fig. 2), the mean increase of the PaO,/
FiO, ratio was 60 mmHg (95% CI 47-73, p<0.01) and
the mean pH increase was 0.01 (95% 0-0.02, p=0.013).
These improvements between the 16th hour of PP and
the end of the extended PP session, for both the PaO,/
FiO, ratio and the pH, were also found in a sensitivity
analysis performed only on the first PP sessions (Addi-
tional file 2: Table S3).

During PP sessions which lasted more than 24 h and
for which all blood gases were available, 81% (n=127)
were O,-Responder sessions at H+ 16. Among non-
O,-Responder sessions at H+ 16, 45% (n=13) became
O,-Responder on the blood gas made before being
turned back to supine (Fig. 3). Finally, between pre-PP
and after turning back to supine, FiO, was lowered and
the dynamic respiratory system compliance improved
(Additional file 2: Table S2).

Discussion

In this monocentric retrospective cohort study of
patients with COVID-19-related ARDS requiring PP, we
found that a strategy of extending duration of PP sessions

Table 4 Factors associated with the occurrence of pressure injuries (univariate logistic regression)

Variables Patients without Patients with at least one OR (95% Cl) p

pressure injury (1=60) pressure injury (n=21)

n/N (%) or med (Q1-Q3) n/N (%) or med (Q1-Q3)
Sex, male 40/60 (67) 18/21 (86) 3.00 (0.88-13.88) 0.081
Age, years 60 (51-68) 58 (52-63) 00 (0.96-1.05) 091
BMI, kg/m? 30 (27-37) 33 (29-36) 0.99 (0.94-1.01) 0.54
Type 2 diabetes 13/60 (22) 7/21 (33) 43 (0.50-3. 88) 0.49
History of cardiovascular disease* 7/60 (12) 1/21 (5) 0.38(0.02-2.32) 0.33
History of respiratory disease** 6/60 (10) 2/21(10) 0.95 (0.13-4.53) 0.95
SAPS Il score 36 (30-48) 39 (33-42) 0.99 (0.95-1.02) 043
PaO,/FiO, ratio before first pronation session, mmHg 82 (68-114) 88 (75-99) (O 98-1.01) 0.65
ECMO 12/60 (20) 5/21 (24) 5(0.35-3. 96) 0.71
Nitric oxide 25/60 (42) 9/21 (43) (O 38-2.86) 092
At least one proning session with catecholamines 28/60 (47) 9/21 (43) 0.86 (0.31-2.33) 0.76
Duration of mechanical ventilation, days 4 (9-25) 29 (22-34) 01 (1.00-1 02) 0.12
ICU length of stay, days 17 (11-26) 29 (19-34) 1.05(1.0 10) 0.021
Median duration of each proning sessions, h 40 (35-43) 36 (32-40) 0.96 (0.89-1 03) 0.26
Cumulated duration of all proning sessions, days ™ 3 (2-5) 6 (4-8) 33(1.11-1.63) 0.0015

BMI, Body Mass Index; SAPS I, simplified acute physiology score; ECMO, Extracorporeal Membrane Oxygenation; PaO,, partial pressure of dioxide in arterial blood;

FiO,, fraction of inspired oxygen; ICU, intensive care unit; PP, prone positioning

***This duration is the added duration of all PP sessions for each patient *chronic heart failure, ischemic heart disease or peripheral arterial disease; **chronic

obstructive pulmonary disease or Asthma

Bold formatting of p value indicates a statistically significant value
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Fig. 2 Changes in physiological parameters. (a Compliance, b PaO,/FiO,, ¢ driving pressure) during proning sessions

for a median of 39 h, was safe and resulted in a cumula-
tive incidence of stage > II pressure injury of 26%, a very
low rate of stages III and IV pressure injuries, a reduced
number of PP sessions and turnings back to supine occur-
ring during nighttime, and was associated with additional
increase in oxygenation after 16 h. Given the number
of patients requiring PP because of COVID-19-related

ARDS, our results may have significant impact on both
ICU staffing and organizational issues and could improve
ventilatory parameters.

Pressure injuries are the most common complica-
tions of PP. In an ancillary study of an international
randomized trial evaluating PP in ARDS, a cumulated
incidence of 25% of patients presenting for the first time
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Total number of proning sessions:
227
- 4
1 Y
Total number of proning sessions
lasting for more than 24 hours:
\ 209 J
]
Total number of proning sessions
lasting for more than 24 hours with all
blood gases available:
L n = 156 (75%) y
02-Responders at H+16: Non 02-Responders at H+16
n=127(81%) n =29 (19%)
Non 02-Responders before SP: 02-Responders before SP: Non 02-Responders before SP:
n =15 (12%) n = 13 (45%) n =16 (55%)
Fig. 3 Flowchart O,-Responders during extended prone position sessions. O,-Responders = session with an increase of +20 mmHg in the PaO,/
FiO, ratio. H=hour; n=number; SP = supine position

a pressure injury of stage>1II between day 1 and ICU
discharge was reported [11]. This is in line with our
findings of a cumulated incidence of 26%. Other stud-
ies also included stage I in their cumulated incidence
pressure injuries and report between 41 and 46% [12,
25]. This inclusion of stage I pressure injury may not be
that relevant and renders the comparison with the pre-
sent study difficult. Pressure injuries of stage superior or
equal to III remained rare events in our strategy with a
cumulated incidence of 2.5% (0.3-8.8). The only other
study reporting the cumulated incidence of high-stage
pressure injuries is a prospective study in which COVID-
19 ARDS patients were prone for a median of 3 days
(IQR=2-5 days). The associated cumulated incidence
of stage IV pressure injury was 3.3% but they were all
of supine (sacral) localization, which seems counterin-
tuitive. Importantly, the cumulated incidence of patients
presenting a stage>1 pressure injury for the first time
was 70.5% which was much greater than previous results
[11]. In that study 8.2% of patients developed a brachial
plexus injury which is in line with the incidence of 7/114
(6%) in a cohort of COVID-19 ARDS patients [26]. Both
of these incidences are much greater than the one we
report (n=1, 1.2%). Taken together, these results sug-
gest that extending PP sessions to 48 h does not seem to
increase the cumulated incidence of pressure injuries,
while extending sessions beyond 48 h may considerably
increase this incidence.

In various studies, reported duration of PP sessions are
around 18 h [8, 9, 12, 25, 27, 28]. The strategy we adopted
in COVID-19-related ARDS resulted in twice as long PP
sessions (39 h). This extended duration allowed patients
to be turned back to supine during daytime for 94% of

the sessions. Had the 16-h duration been strictly applied
to our cohort, as in some ICUs [28], then more than half
of the turnings back to supine would have occurred dur-
ing night shift periods, when medical staffing level is
reduced. Because night shifts have been associated with
more adverse events such as unplanned extubation [29]
and mechanical complications of central venous lines
insertion [30] and as these turning manoeuvres may be
associated with adverse events (incidence of acciden-
tal extubation ranges from 0.9 to 1.25% [9, 31]), it seems
preferable to perform them when more physicians are
available. The median number of PP sessions was also sig-
nificantly lower in the present study than in other obser-
vational studies [25, 27, 28]. The maximum number of PP
sessions for a given patient in the present study was 8, for
a cumulative PP duration of 350 h. Had the 16-h dura-
tion been strictly implemented, this patient would have
potentially been turned prone 22 times. This patient pre-
sented a single injury, located at the corner of the mouth
that heeled uneventfully.

Many more patients were turned prone during the pan-
demic than before, resulting in a considerable increase
in workload and leading some to create and train dedi-
cated teams of non-ICU physicians to perform PP [32].
As these turning manoeuvres are not without risks as
mentioned above, having to perform a large number of
manoeuvres runs the risk of increasing occurrences of
complications, especially when taken care of by non-
specialized staff. Our strategy enables to consider-
ably reduce the number of manoeuvres and hence the
healthcare workers’ exposure to high physical demand
with poor associated posture, especially given the high
prevalence of obesity in patients with COVID-19-related
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ARDS. This can be beneficial given the high prevalence of
musculoskeletal injuries among ICU nurses [33] and its
association with physical demand [34]. In addition, each
manoeuvre exposes between 5 and 7 healthcare work-
ers to the risk of viral contamination. Again, our strategy
reduces unnecessary viral exposure.

The improvement in oxygenation and ventilatory
parameters we observed are in line with those reported in
other studies with a significant increase of the PaO,/FiO,
ratio between pre-PP and post-supine positioning [25,
27, 28, 35]. Additionally, we show a significant increase
in the dynamic compliance between before proning ses-
sions and after proning sessions. Although the improve-
ment in static compliance have been well shown in PP for
non-COVID-19-related ARDS [9, 36, 37], it had not yet
been shown for COVID-19-related ARDS [27, 28]. The
improvement of the PaO,/FiO, ratio was further stud-
ied by dichotomizing the evolution observed between
“O, responders” and “non-O, responders” In the present
cohort, at H+ 16 after being turned prone, patients were
O,-responders in 81% of the sessions. Waiting until 11
AM the next morning before turning patients back on
supine position was associated with patients reaching the
criteria of being an O, responder during an extra 8% of
sessions. As in other studies concerning PP in COVID-
19 ARDS [27, 28], we have found a significant associa-
tion between an improved oxygenation and a reduced
mortality. This contrasts with an ancillary study of the
PROSEVA study [9, 24] where no association was found.
However, due to the retrospective nature of the present
study and its small sample size, no causal inference can
be made and the association must be interpreted with
caution.

It was not possible to have a control group in terms
of pressure injuries owing to the design of the study for
the following reasons. First, this was not an interven-
tional study. The decision to extend duration of prone
position was established as part of our routine practice
since the start of the pandemic and was hence applied to
all patients during all the surges. There were no histori-
cal controls either, because of the novelty of COVID-19.
Finally, regarding oxygenation and ventilation param-
eters, patients were their own controls, since we evalu-
ated the persistence or not, of oxygenation improvement
beyond the “usual” 16—18-h duration of prone position.

Other limitations are inherent to the retrospective
design of the study. Namely, the incidence of pressure
injuries may have been underreported and thus under-
estimated. Although this might be true for non-serious
injuries (stage I or II) (even though the figures we report
are in line with those in the literature), we believe this
was not the case for the more serious injuries. Indeed,
because our strategy to extend the duration was newly
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implemented, staff was regularly reminded to pay a
particular attention to potential complications of this
strategy. In addition, nurses were questioned during
morning rounds on the tolerance of the PP specifically
in terms of occurrence of pressure injuries, and a dedi-
cated form to report and monitor stage > II injuries was
implemented.

Finally, patients transferred to another ICU after their
initial admission in the ICU were excluded from the
analysis, leading to a possible bias in the estimation the
cumulative incidence of pressure injuries. However, look-
ing at baseline characteristics, risks of pressure injuries
did not seem to be different between transferred and
non-transferred patients. Indeed, only the active smoking
status was more prevalent in the analysed cohort, possi-
bly leading to an overestimation of the cumulated inci-
dence of pressure injury.

Whether this strategy should be applied to non-
COVID-19-related ARDS patients remains to be
determined. In particular, our strategy may not be appli-
cable to patients with severe septic shock-related ARDS
because of cutaneous perfusion alterations [38].

Conclusions

A strategy based on extending duration of proning ses-
sions up to 48 h in patients ventilated for COVID-19-re-
lated ARDS, originally implemented for organizational
and human resources purposes, did not seem to increase
the risk of pressure injuries compared with PP sessions
of shorter duration in non-COVID-19-related ARDS. It
significantly reduced staff workload and viral exposure
and was associated with further improvements in oxy-
genation and ventilatory parameters during the prone
sessions.

Abbreviations

ARDS: Acute respiratory distress syndrome; Cl: Confidence interval; COVID19:
Coronavirus disease 2019; ECMO: Extracorporeal membrane oxygenation; ICU:
Intensive care units; IQR: Interquartile range; iINO: Inhaled nitric oxide; OR: Odd
ratio; PCR: Polymerase chain reaction; PEEP: Positive end expiratory pressure;
PP: Prone positioning; RASS: Richmond agitation Sedation Scale.

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/513054-022-04081-2.

Additional file 1: Figure S1. Protocol for proning. PP = prone positioning,
SP =supine positioning, P/F =Pa0,/FO, ratio.

Additional file 2: Table S1. Anatomical localization of pressure injuries.
Table S2. Ventilatory parameters during proning sessions (n =227 ses-

sions). Table S3. Ventilatory parameters during the first proning session
(n=281 sessions)



https://doi.org/10.1186/s13054-022-04081-2
https://doi.org/10.1186/s13054-022-04081-2

Walter et al. Critical Care (2022) 26:208

Acknowledgements

We wish to dedicate this work to our mentor Pr Didier Dreyfuss who just
retired. We are indebted to Didier for always having challenged us with the
idea that, in the ICU, less is often better than more. In several domains of
intensive care, such as mechanical ventilation and renal replacement therapy,
he was pioneer to demonstrate that that doing less was indeed beneficial

for the patient. At the beginning of the pandemic, he suggested that we
extend duration of prone position sessions to reduce staff workload and viral
exposure.

Collaborators list from AP-HP, Hopital Louis Mourier, DMU ESPRIT, Service de
Médecine Intensive Réanimation, 92700 Colombes, France:

The nursing managing team: Ms Edwige Touré, Ms Aulwane Tafial, Ms Séverine
Duperay Mr Sébastien Torrecilla.

The medical team: Dr Marc Amouretti, Dr Sébastien Besset, Dr Louis-Marie
Dumont, Dr Santiago Freita-Ramos, Dr Baptiste Gaborieau, Dr Camille Le Bre-
ton, Dr Quentin Morlon, Dr Isabelle Priour, Dr Fabrice Uhel, Dr Laura Federici,
Dr Constance Vuillard and Dr Charles Verney.

Author contributions

TW has contributed to the conception and the design of the work, the
acquisition, analysis and interpretation of data and has drafted and revised the
manuscript. NZ and DR have contributed to the conception and the design of
the work, the interpretation of the data and have revised the manuscript. JM
has contributed to the design of the work, analysis and interpretation of data
and has revised the manuscript. IT and CG have contributed to the acquisition
of data. JDR has contributed to the conception and the design of the work,
the interpretation of data and has drafted and revised the manuscript. All
authors read and approved the final manuscript.

Funding
No fundings were received for the present study.

Availability of data and materials

The datasets analysed during the current study are not publicly available due
to the risk of compromising individual privacy but are available from the corre-
sponding authors on reasonable request.

Declarations

Ethics approval and consent to participate

This study was approved by the Ethics Evaluation Committee of Biomedical
Research Project (Comité d'Evaluation de I'Ethique des projets de Recherche
Biomédicale (CEERB)) Paris Nord (institutional review board—IRB 00006477 of
HUPNVS, Université Paris Cité, APHP) with the following reference CER-2021-
102 and registered at Clinicaltrials (NCT05124197).

Consent for publication
Not applicable.

Competing interests

Jean-Damien Ricard: Fisher&Paykel covered travel expenses and provide high
flow devices to a multicenter randomized control trial which JD Ricard is
conducting on the use of nasal high flow in patients with acute hypercapnic
respiratory failure. All remaining authors declare that they have no competing
interests.

Author details

'DMU ESPRIT, Service de Médecine Intensive Réanimation, AP-HP, Hopital
Louis Mourier, 92700 Colombes, France. >Department of Epidemiology,
Biostatistics and Clinical Research, AP-HP, Hopital Bichat, 75018 Paris, France.
3INSERM UMR-S1151, CNRS UMR-58253, Institut Necker Enfants Malades,
Université Paris Cité, 75015 Paris, France. *UMR1137 IAME, INSERM, Université
Paris Cité, 75018 Paris, France.

Received: 17 March 2022 Accepted: 27 June 2022
Published online: 08 July 2022

Page 10 of 11

References

1. European Centre for Disease Prevention and Control. Data on hospital
and ICU admission rates and current occupancy for COVID-19. https://
www.ecdc.europa.eu/en/publications-data/download-data-hospital-
and-icu-admission-rates-and-current-occupancy-covid-19 Accessed 16
March 2022.

2. COVID-ICU Group on behalf of the REVA Network and the COVID-ICU
Investigators. Clinical characteristics and day-90 outcomes of 4244 criti-
cally ill adults with COVID-19: a prospective cohort study. Intensive Care
Med. 2021;47(1):60-73.

3. Marini JJ, Gattinoni L. Management of COVID-19 respiratory distress.
JAMA. 2020;323(22):2329.

4. Ziehr DR, Alladina J, Petri CR, Maley JH, Moskowitz A, Medoff BD,
et al. Respiratory pathophysiology of mechanically ventilated
patients with COVID-19: a cohort study. Am J Respir Crit Care Med.
2020;201(12):1560-4.

5. Guérin C, Albert RK, Beitler J, Gattinoni L, Jaber S, Marini JJ, et al. Prone
position in ARDS patients: why, when, how and for whom. Intensive Care
Med. 2020;46(12):2385-96.

6. Belluck P. Low-tech way to help some Covid patients: flip them over. The
New York Times. 2020 May 19;Section D:8-8.

7. Bellani G, Laffey JG, Pham T, Fan E, Brochard L, Esteban A, et al. Epidemiol-
ogy, patterns of care, and mortality for patients with acute respira-
tory distress syndrome in intensive care units in 50 countries. JAMA.
2016;315(8):788.

8. forthe investigators of the APRONET Study Group, the REVA Network,
the Réseau recherche de la Société Francaise d’/Anesthésie-Réanimation
(SFAR-recherche) and the ESICM Trials Group, Guérin C, Beuret P, Con-
stantin JM, Bellani G, Garcia-Olivares P, et al. A prospective international
observational prevalence study on prone positioning of ARDS patients:
the APRONET (ARDS Prone Position Network) study. Intensive Care Med.
2018;44(1):22-37.

9. Guérin C, Reignier J, Richard JC, Beuret P, Gacouin A, Boulain T, et al. Prone
positioning in severe acute respiratory distress syndrome. N Engl J Med.
2013;368(23):2159-68.

10. Papazian L, Aubron C, Brochard L, Chiche JD, Combes A, Dreyfuss D, et al.
Formal guidelines: management of acute respiratory distress syndrome.
Ann Intensive Care. 2019;9(1):69.

11. for the Proseva trial group, Girard R, Baboi L, Ayzac L, Richard JC, Guérin
C.The impact of patient positioning on pressure ulcers in patients with
severe ARDS: results from a multicentre randomised controlled trial on
prone positioning. Intensive Care Med. 2014;40(3):397-403.

12. Sud S, Friedrich JO, Adhikari NKJ, Taccone P, Mancebo J, Polli F, et al. Effect
of prone positioning during mechanical ventilation on mortality among
patients with acute respiratory distress syndrome: a systematic review
and meta-analysis. CMAJ. 2014;186(10):E381-90.

13. Allman R, Goode P, Burst N, Bartolucci A, Thomas D. Pressure ulcers, hos-
pital complications, and disease severity: impact on hospital costs and
length of stay. Adv Wound Care. 1999;12(1):22-30.

14. Manzano F, Pérez-Pérez AM, Martinez-Ruiz S, Garrido-Colmenero C,
Roldan D, Jiménez-Quintana MM, et al. Hospital-acquired pressure ulcers
and risk of hospital mortality in intensive care patients on mechanical
ventilation: pressure ulcers, ventilation and mortality. J Eval Clin Pract.
2014,20(4):362-8.

15. Edsberg LE, Black JM, Goldberg M, McNichol L, Moore L, Sieggreen M.
Revised national pressure ulcer advisory panel pressure injury staging
system: revised pressure injury staging system. J Wound Ostomy Conti-
nence Nurs. 2016;43(6):585-97.

16. Gaudry S, Tuffet S, Lukaszewicz AC, Laplace C, Zucman N, Pocard M, et al.
Prone positioning in acute respiratory distress syndrome after abdominal
surgery: a multicenter retrospective study: SAPRONADONF (Study of Ards
and PRONe position After abDOmiNal surgery in France). Ann Intensive
Care. 2017;7(1):21.

17. The ARDS Definition Task Force. Acute respiratory distress syndrome: the
Berlin definition. JAMA. 2012;307(23):2526-33.

18. Langemo D, Schoonhoven L, Carville K, Kadono T, Haesler E. Preven-
tion and treatment of pressure ulcers: quick reference guide [Internet].
National Pressure Ulcer Advisory Panel, European Pressure Ulcer Advisory
Panel, Pan Pacific Pressure Injury Alliance; 2014 [cited 2021 Dec 16] p. 72.
https://www.epuap.org/wp-content/uploads/2016/10/quick-reference-
guide-digital-npuap-epuap-pppia-jan2016.pdf


https://www.ecdc.europa.eu/en/publications-data/download-data-hospital-and-icu-admission-rates-and-current-occupancy-covid-19
https://www.ecdc.europa.eu/en/publications-data/download-data-hospital-and-icu-admission-rates-and-current-occupancy-covid-19
https://www.ecdc.europa.eu/en/publications-data/download-data-hospital-and-icu-admission-rates-and-current-occupancy-covid-19
https://www.epuap.org/wp-content/uploads/2016/10/quick-reference-guide-digital-npuap-epuap-pppia-jan2016.pdf
https://www.epuap.org/wp-content/uploads/2016/10/quick-reference-guide-digital-npuap-epuap-pppia-jan2016.pdf

Walter et al. Critical Care

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34

35.

36.

37.

38.

(2022) 26:208

. Bamford P, Denmade C, Newmarch C, Shirley P, Singer B, Webb S, et al.

Guidance for: prone positioning in adult critical care [Internet]. The
Faculty of Intensive Care Medicine and Intensive Care Society; 2019 Nov
[cited 2021 Nov 11] p. 40. https://www.wyccn.org/uploads/6/5/1/9/
65199375/icsficm_proning_guidance_final_2019.pdf

Pressure ulcers: prevention and management [Internet]. National Institute
for Health Care Excellence; 2014 Apr [cited 2021 Nov 11] p. 30. https://
www.nice.org.uk/guidance/cg179

COVID-19 Treatment Guidelines Panel. Coronavirus Disease 2019 (COVID-
19) Treatment Guidelines. National Institutes of Health. https://www.
covid19treatmentguidelines.nih.gov/. Accessed [2021/12/15].

Acute Respiratory Distress Syndrome Network investigators. Ventilation
with lower tidal volumes as compared with traditional tidal volumes for
acute lung injury and the acute respiratory distress syndrome. N Engl J
Med. 2000;342(18):1301-8.

Gattinoni L, Vagginelli F, Carlesso E, Taccone P, Conte V, Chiumello D,

et al. Decrease in PaCO, with prone position is predictive of improved
outcome in acute respiratory distress syndrome*. Critical Care Med.
2003;31(12):2727-33.

Albert RK, Keniston A, Baboi L, Ayzac L, Guérin C. Prone position—induced
improvement in gas exchange does not predict improved survival in

the acute respiratory distress syndrome. Am J Respir Crit Care Med.
2014;189(4):494-6.

Gleissman H, Forsgren A, Andersson E, Lindqvist E, Lipka Falck A, Cronh-
jort M, et al. Prone positioning in mechanically ventilated patients with
severe acute respiratory distress syndrome and coronavirus disease 2019.
Acta Anaesthesiol Scand. 2021;65(3):360-3.

Miller C, O'Sullivan J, Jeffrey J, Power D. Brachial plexus neuropathies dur-
ing the COVID-19 pandemic: a retrospective case series of 15 patients in
critical care. Phys Ther. 2021;101(1):pzaa191.

PRONA-COVID Group, Langer T, Brioni M, Guzzardella A, Carlesso E,
Cabrini L, et al. Prone position in intubated, mechanically ventilated
patients with COVID-19: a multi-centric study of more than 1000 patients.
Crit Care. 2021;25(1):128.

Weiss TT, Cerda F, Scott JB, Kaur R, Sungurlu S, Mirza SH, et al. Prone
positioning for patients intubated for severe acute respiratory distress
syndrome (ARDS) secondary to COVID-19: a retrospective observational
cohort study. Br J Anaesth. 2021;126(1):48-55.

de Groot RI, Dekkers OM, Herold IH, de Jonge E, Arbous SM. Risk factors
and outcome after unplanned extubations on the ICU, a case-control
study. Crit Care. 2011;15(1):R19.

Merrer J, De Jonghe B, Golliot F, Lefrant JY, Raffy B, Barre E, et al. Complica-
tions of femoral and subclavian venous catheterization in critically ill
patients: a randomized controlled trial. JAMA. 2001;286(6):700.

Mancebo J, Ferndndez R, Blanch L, Rialp G, Gordo F, Ferrer M, et al. A mul-
ticenter trial of prolonged prone ventilation in severe acute respiratory
distress syndrome. Am J Respir Crit Care Med. 2006;173(11):1233-9.
Doussot A, Ciceron F, Cerutti E, Salomon du Mont L, Thines L, Capellier G,
et al. Prone positioning for severe acute respiratory distress syndrome in
COVID-19 patients by a dedicated team: a safe and pragmatic realloca-
tion of medical and surgical work force in response to the outbreak. Ann
Surg. 2020;272(6):.e311-5.

Yang S, Lu J, Zeng J, Wang L, Li Y. Prevalence and risk factors of work-
related musculoskeletal disorders among intensive care unit nurses in
China. Workplace Health Saf. 2019,67(6):275-87.

Fonseca NR, Fernandes RCP. Factors related to musculoskeletal disorders
in nursing workers. Rev Latino-Am Enfermagem. 2010;18(6):1076-83.
Douglas IS, Rosenthal CA, Swanson DD, Hiller T, Oakes J, Bach J, et al.
Safety and outcomes of prolonged usual care prone position mechanical
ventilation to treat acute coronavirus disease 2019 hypoxemic respiratory
failure*. Crit Care Med. 2021;49(3):490-502.

Mentzelopoulos SD. Prone position reduces lung stress and

strain in severe acute respiratory distress syndrome. Eur Respir J.
2005;25(3):534-44.

Pelosi P, Bottino N, Chiumello D, Caironi P, Panigada M, Gamberoni C,

et al. Sigh in supine and prone position during acute respiratory distress
syndrome. Am J Respir Crit Care Med. 2003;167(4):521-7.

Ait-Oufella H, Bourcier S, Alves M, Galbois A, Baudel JL, Margetis D, et al.
Alteration of skin perfusion in mottling area during septic shock. Ann
Intensive Care. 2013;3(1):31.

Page 11 of 11

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://www.wyccn.org/uploads/6/5/1/9/65199375/icsficm_proning_guidance_final_2019.pdf
https://www.wyccn.org/uploads/6/5/1/9/65199375/icsficm_proning_guidance_final_2019.pdf
https://www.nice.org.uk/guidance/cg179
https://www.nice.org.uk/guidance/cg179
https://www.covid19treatmentguidelines.nih.gov/
https://www.covid19treatmentguidelines.nih.gov/

	Extended prone positioning duration for COVID-19-related ARDS: benefits and detriments
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Study design and patients
	Outcomes
	Exposure: protocol for PP
	Protocol for the prevention and management of pressure injuries
	Management of COVID-19-related ARDS
	Data collection
	Statistical analysis
	Ethical approval

	Results
	Participants
	Prone positioning sessions
	Pressure injuries and associated factors
	Evolution of oxygenation and ventilatory parameters

	Discussion
	Conclusions
	Acknowledgements
	References


