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Abstract

Background: Prone positioning is currently applied in time-limited daily sessions up to 24 h which determines that

most patients require several sessions. Although longer prone sessions have been reported, there is scarce evidence

about the feasibility and safety of such approach. We analyzed feasibility and safety of a continuous prolonged prone
positioning strategy implemented nationwide, in a large cohort of COVID-19 patients in Chile.

Methods: Retrospective cohort study of mechanically ventilated COVID-19 patients with moderate-to-severe acute
respiratory distress syndrome (ARDS), conducted in 15 Intensive Care Units, which adhered to a national protocol of
continuous prone sessions > 48 h and until PaO,:FiO, increased above 200 mm Hg. The number and extension of
prone sessions were registered, along with relevant physiologic data and adverse events related to prone position-
ing. The cohort was stratified according to the first prone session duration: Group A, 2-3 days; Group B, 4-5 days; and
Group C,> 5 days. Multivariable regression analyses were performed to assess whether the duration of prone sessions
could impact safety.

Results: We included 417 patients who required a first prone session of 4 (3-5) days, of whom 318 (76.3%) received
only one session. During the first prone session the main adverse event was grade 1-2 pressure sores in 97 (23.9%)
patients; severe adverse events were infrequent with 17 non-scheduled extubations (4.2%). 90-day mortality was
36.2%. Ninety-eight patients (24%) were classified as group C; they exhibited a more severe ARDS at baseline, as
reflected by lower PaO,:FiO, ratio and higher ventilatory ratio, and had a higher rate of pressure sores (44%) and
higher 90-day mortality (48%). However, after adjustment for severity and several relevant confounders, prone session
duration was not associated with mortality or pressure sores.
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Conclusions: Nationwide implementation of a continuous prolonged prone positioning strategy for COVID-19 ARDS
patients was feasible. Minor pressure sores were frequent but within the ranges previously described, while severe
adverse events were infrequent. The duration of prone session did not have an adverse effect on safety.

Keywords: Acute respiratory distress syndrome, Mechanical ventilation, Prone positioning, Coronavirus disease 2019

Background

Although prone positioning has been shown to decrease
mortality in mechanically ventilated patients with mod-
erate-to-severe acute respiratory distress syndrome
(ARDS), it is still underused worldwide [1, 2]. One of the
reasons to avoid using prone positioning is the increased
workload associated with daily repositioning patients [1].

The strategy of applying time-limited prone sessions
can be traced back to the first reports in the seven-
ties, when it was used for short time periods in severely
hypoxemic ARDS patients [3]. The first randomized
controlled trials of prone positioning in ARDS main-
tained this approach applying daily 6-8 h sessions [4].
After the negative results of these first trials and based
on physiologic studies indicating that oxygenation con-
tinued improving beyond 8 h [5], subsequent clinical tri-
als applied longer sessions [1, 6, 7]. After the release of
the PROSEVA trial, the first study to clearly show a sur-
vival advantage of prone positioning [1], daily sessions of
16-20 h became the standard still applied today.

However, most patients require several prone ses-
sions before a stable improvement in gas exchange can
be reached [1] and the rationale for returning patients
back to supine position once a day remains unclear. Fur-
thermore, daily shifts to supine position have their own
complexities. First, it increases staff workload; this factor
became critical during the COVID-19 pandemic [8-13].
Second, oxygenation may rapidly deteriorate after return-
ing to supine, particularly in the first days [1, 8, 14]. Third,
some feared adverse events related to prone positioning
may occur during patient repositioning [15]. Fourth, as
the benefits of prone positioning are most likely due to a
more homogenous distribution of lung strain, lung pro-
tection may be compromised while turned back to supine
position [16, 17].

Prolonged sessions of prone positioning beyond 24 h
have been reported mainly in small series [18-20]. In
2005, some centers in Chile began to apply prolonged
prone positioning in continuous sessions, without a time
limit, but extended until reaching a predefined oxygena-
tion threshold while in prone position [18]. When the
COVID-19 pandemic spread to Chile, anticipating rapid
expansion in ICU capacity and staff overload, national
experts recommended the routine use of this strategy
for mechanically ventilated patients with moderate-to-
severe ARDS, which was adopted by most centers along

the country. We thought that analyzing this large and
unique experience could contribute to define whether
continuous prolonged prone positioning may become an
alternative to the current approach of intermittent daily
prone positioning.

The goal of the present study was to describe the fea-
sibility and safety of a strategy of continuous prolonged
prone positioning applied routinely in mechanically ven-
tilated patients, on a nationwide scale, during the first
wave of the COVID-19 pandemic. In addition, we sought
to determine whether the duration of the first prone ses-
sion could impact safety.

Methods

Study design

We performed a multicenter, historical cohort study in
mechanically ventilated patients with COVID-19-re-
lated ARDS who required prone positioning, aimed to
analyze the feasibility and safety of a continuous prone
positioning strategy. A representative sample of 30 ICUs
(public, university and private institutions) were invited
through the Chilean Society of Intensive Care Medicine
(SOCHIMI). We recruited physicians from each partici-
pating ICU as lead site investigators. Each ICU provided
data concerning its resources and prone positioning
protocol, before and during the first wave of COVID-19
pandemic (Additional file 1: Table S2). The enrollment
window consisted of 8 consecutive weeks, as selected by
each ICU within the period corresponding to the first
wave of COVID-19 (April 1st to August 31st, 2020). A
standard form was used to collect the data from clinical
files. The study was approved by an Institutional Review
Board which waived informed consent (N° 063/2020,
Hospital Clinico Universidad de Chile).

Strategy of continuous prolonged prone position

The national recommendations for prone positioning
aimed to facilitate its use without overloading staff with
continuous shifts between supine and prone position.
Prone positioning was indicated in mechanically venti-
lated patients with moderate-to-severe COVID-19-re-
lated-ARDS with a PaO,:FiO, ratio below 150 mm Hg
after optimizing protective mechanical ventilation set-
tings. Low tidal volume and moderate PEEP levels, but
not a specific PEEP titration strategy, were recommended
in both supine and prone positions (Additional file 1:
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Fig. S1). Considering that the large majority of ARDS
patients require prone positioning for more than 2 days
[12], we defined that prone sessions should last at least
48 h, and that they should extend until PaO,:FiO, was
above 200 mm Hg while in prone position. This thresh-
old was based on the notion that oxygenation frequently
decreases after turning patients to supine and our goal
was to minimize the chance that the patient could require
a second session.

Patients, study design, and data collection

Mechanically ventilated patients with COVID-19-related
ARDS, who received at least one session of prone posi-
tioning >48 h, within the 8-week enrollment window,
were recruited. A positive polymerase chain reaction test
for SARS-CoV-2 was required for COVID-19 diagnosis,
and ARDS was defined according to Berlin criteria [11].
Exclusion criteria were age younger than 18 years and
patients with missing relevant data.

Trained personnel registered patients’ demographic
characteristics, severity scores and respiratory support
at hospital and ICU admission. Respiratory and hemody-
namic parameters were collected before/after intubation,
before/during prone sessions, and after return to supine
position. Sedation before/during prone session was also
registered. Ventilatory ratio was calculated to estimate
pulmonary dead space [21]. The time course of PaO,:FiO,
ratio, static compliance of the respiratory system (static
compliance), and ventilatory ratio was analyzed. Dif-
ferent conditions for prematurely interrupting prone
sessions, based on the PROSEVA trial criteria, were reg-
istered (Additional file 1: Table S8). Day 1 was defined as
the first day in prone positioning.

As the duration of prone sessions was very heteroge-
neous, in order to better analyze the potential influ-
ence of this variable on safety, and considering previous
references [18, 19, 22], we divided the cohort in three
groups according to the duration of their first prone ses-
sion: group A, 2-3 days; group B, 4-5 days; and group
C,>5 days.

Safety and outcomes

The incidences of adverse events potentially related to the
first prone positioning session were specified: pressure
sores in ventral surfaces (from head, chest, abdomen, and
groin) staged according to the National Pressure Ulcer
Advisory Panel’s updated pressure ulcer staging system
(NPUAP) [23], displacement of vascular catheters, non-
scheduled extubation, and endotracheal tube obstruc-
tion. The cumulative incidence of pressure sores up to day
7 was also assessed. Regarding outcomes, we recorded
90-day mortality, ICU and hospital mortality, duration of
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mechanical ventilation, tracheostomy requirements and
hospital/ICU length of stay.

For missing data, the last time with available data was
used and considered as in-risk time.

Prior to analysis, all data were screened for potentially
erroneous data, and verified or corrected by site investi-
gators. This study was conducted in accordance with the
STROBE guideline [24].

Statistics

The Shapiro—Wilk test was used to assess data normal-
ity. Descriptive statistics were reported as median (IQR
[interquartile range p25-p75]) or count (%). Data before
and after intubation and before and after prone posi-
tioning onset were compared by Wilcoxon signed-rank
test. Comparisons among subgroups were performed by
Kruskal-Wallis or Fisher exact tests. The evolution of
static compliance, PaO,:FiO, ratio, and ventilatory ratio
was analyzed through mixed effects regression models,
considering each patient as a random effect, and rele-
vant time points as fixed effect. Multivariable regression
analyses were performed to assess whether the duration
of prone sessions influenced 90-day mortality and the
risk of pressure sores. To control the association of the
duration of the first prone session with 90-day mortality,
we identified variables associated to the exposure (i.e.,
groups according to prone session duration) by ordered
logistic regressions (Additional file 1: Table S9) and
variables associated to the outcome (Additional file 1:
Table S10). A directed acyclic graph was used to select
the confounding factors (Additional file 1: Fig. S5) to con-
trol for: SOFA score at baseline, vasoactive support at day
1 in prone and respiratory variables (static compliance,
Pa0O,:FiO, and ventilatory ratio) at day 2 in prone [9, 10,
12, 25]. In the case of cumulative incidence of pressure
sores up to day 7, we included the groups according to
the duration of their first prone session and SOFA score
[26—29] in the logistic regressions.

Variables with missing data were reported (Additional
file 1: Table S3), assumed to be missing at random, and
an available-case analysis was performed. Observed char-
acteristics between patients with complete and incom-
plete data were compared (Additional file 1: Table S4).
Analyses were performed in Stata v 14.0 (StataCorp) and
graphs plotted in GraphPad Prism v 8.0.

Results

Participating centers and enrolled patients

Fifteen centers accepted to participate in the study: 11
public, 2 private and 2 from university hospitals. All
participating centers implemented the national recom-
mendations for prone positioning and performed a pro-
tocol that included a checklist, which was systematically
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applied in 14 (87%) centers (Additional file 1: Fig. S1,
Table S2).

Of 2822 mechanically ventilated patients admitted to
the participating centers between April 1st to August
31st, 2020, 1795 (63.6%) were treated with prone posi-
tioning (Additional file 1: Table S1). During the 8-week
enrollment window selected by each center, 547 patients
were included in the database, but after excluding 130
patients due to incomplete data, 417 were finally ana-
lyzed (Additional file 1: Fig. S2). Patient characteristics
are outlined in Table 1.

Before intubation, almost half of patients were treated
with high flow nasal cannula (HFNC) and 29% with
awake prone (Additional file 1: Table S5). Once intubated,
patients were ventilated with tidal volume 6.2 (5.7-
6.8) mL/Kg ideal body weight (IBW) and PaO,:FiO, ratio
before starting prone positioning was 119 (85-153) mm
Hg (Table 2).

Prone positioning sessions
Prone positioning was initiated early after intuba-
tion (1 [0-1] days). Most patients (76.3%) required
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only one prone session, with a median duration of
4 (3-5) days; 21.1% required two sessions and 2.7% a
third session (Additional file 1: Table S7). In 113 (27%)
patients the first prone session was interrupted prema-
turely, either due to life-threatening conditions in 47
(11.3%) patients, or just for a clinical decision of the
attending physician in 66 (15.8%) patients (Additional
file 1: Table S8). For patients who required a second
prone session, time elapsed in supine position between
prone sessions was 2 (1-5) days. The cumulative time
in prone positioning was 4 (3-7) days, with longer
times in patients with repeated sessions (Table 3). The
percentage of patients using neuromuscular blockade
significantly increased with the change to prone; mean-
while, a mild increase in the dose of midazolam (group
A) and fentanyl (groups A and B) was observed (Addi-
tional file 1: Table S6).

Regarding physiologic changes observed after starting
prone position, PaO,:FiO, ratio, static compliance and
pH increased while driving pressure decreased (Table 2).
By the end of the first prone session PaO,:FiO, ratio was
231 (189-283) mm Hg.

Table 1 Clinical characteristics at baseline according to the duration of the first prone session

Total (n=417) Group A (n=191) Group B (n=128) Group C (n=98) p-value
Age, years, median (IQR) 62 (52-68) 61 (52-68) 61 (47-67) 63 (54-69) 0.188
Sex, n (%)
Male 301 (72.2) 135 (70.7) 95 (74.2) 71(72.4) 0.796
Female 116 (27.8) 56 (29.3) 33 (25.8) 27 (27.6) 0.796
Body mass index (kg/m?), median (IQR) 30 (27-34) 29 (26-33) 30 (26-34) 31 (27-35) 0.098
Comorbidities, n (%)
Hypertension 232(55.6) 108 (56. 70 (54.7) 54 (55.1) 0.951
Type 2 diabetes mellitus 166 (39.8) 85 (44. 43 (33.6) 38(38.8) 0.148
Coronary heart disease 17 (4.1) 6 (3.1 3(2.3) 8(8.2) 0.074
Chronic liver disease 10 (2.4) 5026 4(3.1) 1(1) 0.652
Immunosuppression 6(1.4) 526 - 1(1) 0.144
Chronic kidney disease 20 (4.8) 13 (6.8 3(23) 4(4.0) 0.182
Obesity 147 (35.3) 61 (31. 47 (36.7) 39(39.8) 0.368
Other 121 (29) 58 (30.4) 35(27.3) 28 (28.6) 0.842
None 63 (15.1) 32(16.8 18 (14.1) 13(13.3) 0.712
APACHE Il score, median (IQR) 14 (10-18) 14 (10-18) 14 (10-18) 13 (10-17) 0.748
SOFA score, median (IQR) 5(4-7) 5(4-8) 5(4-7) 4 (4-6) 0.246
Sepsis, n (%) 100 (24.3) 37(19.7) 29(22.8) 34 (35.1) 0.017
Time between (days), median (IQR)
Diagnosis to hospital admission 0(0-3) 0(0- 0(0-4) 0(0-1) 0.096
Hospital to ICU admission 1(0-3) 1(0- 1(0-3) 1(0-4) 0.086
Diagnosis to invasive ventilation 3(1-6) 3 (0~ 3(1-7) 3(1-5) 0.940
Invasive ventilation to prone position 1(0-1) 1(0- 1(0-2) 0(0-1) <0.001

Group A patients remained 2-3 days in prone position during their first session. Group B patients remained 4-5 days in prone position during their first session. Group

C patients remained more than 5 days in prone position during their first session

APACHE Il Acute Physiology and Chronic Health Disease Classification System II, SOFA Sepsis Related Organ Failure Assessment, Diagnosis COVID-19 diagnosis, ICU

intensive care unit
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Table 2 Respiratory parameters before and after starting the first prone session
Total (n=417) Group A (n=191) Group B (n=128) Group C (n=98) p value

Respiratory rate, breaths per minute, median (IQR)

Before starting prone positioning 26 (23-30) 25(22-28) 26 (24-30) 28 (24-30) <0.001

Atday 1in prone positioning 26 (24-30) 26 (24-28) 27 (24-30) 28 (26-30) <0.001

A Respiratory rate [PP day 1-before PP] 0(0-2) 0(0-2) 0(0-2) 0(0-4) 0.260
Tidal volume, mL/kg IBW, median (IQR)

Before starting prone positioning 6.2 (5.7-6.8) 6.3 (5.7-6.9) 6.1 (5.7-6.9) 6.1 (5.7-6.8) 0.530

Atday 1 in prone positioning 6.2 (5.7-6.8) 6.2 (5.7-6.8) 6.2 (5.7-6.9) 6.2 (5.7-6.8) 0.999

AVT[PP day 1-before PP] 00(—0202) 00(-02,0.1) 0.0(—=0.2,02) 0.0(—=0.2,03) 0.235
Plateau pressure, cm H,O, median (IQR)

Before starting prone positioning 23(21-26) 23 (21-25) 24 (21-28) 25(21-27) 0.003

At day 1in prone positioning 22 (21-25) 22 (20-24) 23 (21-26) 23 (21-25) 0.002

A Plateau pressure [PP day 1-before PP] —1(=3to1) —1(=3to1) —1(=3to01) —1(=3t02) 0.685
Driving pressure, cm H,O, median (IQR)

Before starting prone positioning 12 (10-15) 12 (10-14) 13(11-15) 13(11-16) 0.005

Atday 1 in prone positioning 12 (10-14) 11 (10-13) 12 (10-15) 13(11-14) <0.001

A Driving pressure [PP day 1-before PP] —1(=2to1) —1(=2to1) 0(—=2to1) —1(=2to1) 0.976
PEEP, cm H,0, median (IQR)

Before starting prone positioning 10 (8-12) 10 (8-12) 10 (9-12) 10 (8-12) 0.309

Atday 1in prone positioning 10(8-12) 10 (8-12) 10 (8-12) 10 (8-12) 0.686

A PEEP [PP day 1-before PP] 0(—2to0) 0(—1t00) 0(—2t00) 0(—1t00) 0.385
Static compliance, mL/cm H,0, median (IQR)

Before starting prone positioning 31(25-38) 32 (27-38) 30 (25-38) 30 (23-36) 0.133

Atday 1 in prone positioning 32(27-39) 33 (28-40) 32 (26-39) 30 (27-36) 0.007

A Static compliance [PP day 1-before PP] 2(=3to5) 2(=2t06) 1(—3to4) 1(—4to4) 0.070
PaO,, mm Hg, median (IQR)

Before starting prone positioning 75 (64-87) 76 (66-87) 71 (63-83) 77 (62-89) 0.168

Atday 1 in prone positioning 84 (72-102) 89 (75-109) 82 (71-96) 80 (69-97) 0.013

A PaO, [PP day 1-before PP] 10 (— 310 28) 12 (— 4to 35) 8 (— 310 26) 9(—4to21) 0218
FiO,, median (IQR)

Before starting prone positioning 0.65 (0.50-0.90) 0.60 (0.50-0.80) 0.65 (0.50-1.0) 0.75 (0.60-1.0) 0.002

Atday 1 in prone positioning 0.50 (0.40-0.60) 0.40 (0.35-0.50) 0.50 (0.40-0.60) 0.55 (0.50-0.70) <0.001

A FiO, [PP day 1-before PP] —0.15(= 0.3 to — 0.05) —0.20 (— 035t0 — 0.05) —0.15(=035t000 —0.20(—030t00.0) 0.293
PaO,:FiO, ratio, median (IQR)

Before starting prone positioning 119 (85-154) 127 (98-162) 114 (86-150) 106 (81-140) 0.003

Atday 1 in prone positioning 184 (139-240) 224 (174-270) 176 (133-214) 145 (117-183) <0.001

A PaO,:FiO, ratio [PP day 1-before PP] 61(23-115) 88 (34-151) 53(19-89) 39 (18-71) <0.001
PaCO,, mm Hg, median (IQR)

Before starting prone positioning 45 (39-53) 43 (38-48) 47 (40-56) 47 (40-56) <0.001

Atday 1in prone positioning 45 (40-51) 43 (39-50) 46 (41-54) 47 (43-53) <0.001

A PaCO, [PP day 1-before PP] 0(—6to6) 0(—5to06) —1(—8t06) —0(—6t04) 0.408
pH, median (IQR)

Before starting prone positioning 7.34 (7.27-7.40) 7.36 (7.30-7.41) 7.34 (7.26-7.40) 7.31(7.26-7.36) <0.001

Atday 1 in prone positioning 7.35(7.29-7.40) 7.37(7.30-7.41) 7.35(7.29-7.40) 7.32(7.28-7.36) 0.004

A pH [PP day 1-before PP] 0.0 (—=0.0,0.1) 0.0(—00,0.1) 0.0(—0.0,0.1) 0.0 (—=0.0,0.1) 0.196
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Table 2 (continued)
Total (n=417) Group A (n=191) Group B (n=128) Group C (n=98) p value
Ventilatory ratio, median (IQR)
Before starting prone positioning 19(01.6-24) 1.8(1.5-2.2) 2.1(1.6-2.7) 2.1(1.8-26) <0.001
Atday 1in prone positioning 2.0(1.6-2.5) 1.8(1.5-2.3) 2.1 (1.7-2.6) 2.2(1.9-2.8) <0.001

A Ventilatory ratio [PP day 1-before PP] 00(=02t00.3) 0.0 (= 0.2t00.3) —00(=03t00.3) 0.0(=0.1t00.3) 0.441

Group A patients remained 2-3 days in prone position during their first session. Group B patients remained 4-5 days in prone position during their first session. Group
C patients remained more than 5 days in prone position during their first session. The data reported as before starting prone positioning (upper half of the table)
correspond to the last data registered in the clinical files before turning the patient to prone position for the first time, while the data reported as after starting prone
positioning (lower half of the table) correspond to the first data registered in the clinical files collected while the patient was in prone position

PaO2 partial pressure of arterial oxygen, FiO2 Inspired oxygen fraction, PaO2:FiO2 ratio: ratio of partial pressure of arterial oxygen to inspired oxygen fraction, PaCO2
partial pressure of arterial carbon dioxide, PEEP Positive end-expiratory pressure, Static compliance: Static respiratory system compliance, Ventilatory ratio is a unit less
index calculated as (minute ventilation in ml/min x PaCO2)/(Ideal body weight x 100 x 37.5)

Table 3 Number of prone sessions required according to the duration of the first prone session

Total (n=417) Group A (n=191) Group B (n=128) Group C (n=98) p value
Number of sessions 0.398
1 318 (76.3) 137.(71.7) 100 (78.1) 81(82.7)
2 88 (21.1) 49 (25.7) 24(18.8) 15(15.3)
3 9(2.2) 4(2.1) 3(23) 2(2)
4 2(0.5) 1(0.5) 1(0.8) -

Data are n (%). Group A patients remained 2-3 days in prone position during their first session. Group B patients remained 4-5 days in prone position during their first
session. Group C patients remained more than 5 days in prone position during their first session
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Fig. 1 Respiratory system compliance, PaO2:FiO2 ratio and ventilatory ratio along prone positioning. Lines and symbols show mean and standard
deviation of each variable before prone positioning (PP), at day 1 and at day 2 in prone, before supine position (SP) and after back to SP; Cg:
respiratory system compliance. ¥, x, 4: p-value <0.001 for comparisons of different time points with their respective pre-PP values in patients
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respectively. a: p-value <0.01 for inter-group comparisons at different time points. 3: p-value <0.001 for inter-group comparisons at different time
points
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Table 4 Adverse events and clinical outcomes of prolonged continuous prone positioning
Total (n=417) Group A (n=191) Group B (n=128) Group C (n=98) p-value
Adverse events, n (%)
Pressure sores?, n (%) 97 (23.9) 27 (14. 29 (23.6) 41 (44.1) <0.001
Pressure sores up to day 7°n (%) 147 (36.2) 63 (33. 41 (33.3) 43 (46.2) 0.077
Vascular catheters displacement?, n (%) 112.7) 421 3(24) 4(43) 0.535
Non-scheduled extubation?, n (%) 17 (4.2) 842 4(33) 5(54) 0.465
Endotracheal obstruction?, n (%) 14 (3.4) 56 4(33) 5(54) 0.728
Clinical outcomes
90-day mortality, n (%) 151(36.2) 8 (304 46 (35.9) 47 (48) 0.014
ICU-mortality, n (%) 131 (314) 3(27.8 37(28.9) 41 (41.8) 0.043
In-hospital mortality, n (%) 139 (33.3) 4 (283 39 (30.5) 46 (46.9) 0.005
Tracheostomy, n (%) 80 (19.6) 0(10.7 24.(19) 6 (37.5) <0.001
Time on MV (days), median (IQR) 15 (10-22) (8 19) 16 (11-23) (13 32) <0.001
ICU LoS (days), median (IQR) 17 (13-25) 5(11-22) 18 (13-27) 2(15-32) <0.001
Hospital LoS (days), median (IQR) 24 (16-38) 21(14-33) 27 (16-40) 9 (16-50) 0.001

@ Incidence relate to the first prone session
b Cumulative incidence up to day 7 (considering > 1 prone session)

Group A patients remained 2-3 days in prone position during their first session. Group B patients remained 4-5 days in prone position during their first session. Group

C patients remained more than 5 days in prone position during their first session
ICU intensive care unit; MV: mechanical ventilation; LoS: length of stay

The relative distribution of patients according to the
first prone session duration is shown in Additional file 1:
Fig. S3; 191 patients (46%) received a 2- to 3-day ses-
sion (group A), 128 patients (31%) a 4- to 5-day session
(group B), and 98 patients (24%) a session longer than
5 days (group C). There was no association between the
first prone session duration and requirement of repeated
prone sessions (Additional file 1: Table S7).

Before intubation, group C had a higher frequency of
sepsis, higher use of HFNC and awake prone position-
ing, and lower PaO,:FiO, ratio. After intubation, group
C maintained lower PaO,:FiO, ratio, higher PaCO,,
ventilatory ratio, plateau and driving pressures, indicat-
ing greater severity of respiratory failure already before
prone positioning (Additional file 1: Table S5).

During prone positioning, PaO,:FiO, ratio increased
progressively in all 3 groups; but the increment was
greater in group A. Static compliance increased only in
group A, while ventilatory ratio remained rather stable
in the 3 groups (Fig. 1 and Table 2). Return to supine
position was associated with a significant decrease in
PaO,:FiO, ratio in groups A and B (Fig. 1).

Safety and outcomes

Incidence of pressure sores is shown in Table 3. Grade
1-2 pressure sores in the ventral body surface were
observed in 23.9% of patients during the first prone ses-
sion, being higher the incidence in groups with longer

prone sessions. No patient presented grade 3—4 pressure
sores. Cumulative incidence of pressure sores up to day
7 was 36.2% in the whole cohort. There was an increased
odd in Group C compared with group A (O.R=1.734
[CI 95%: 1.044-2.879], p-value=0.034). However, after
controlling by SOFA score in logistic regression, the
odds of pressure sores were similar among the three
groups (O.R Group A =reference; O.R Group B=0.794,
p-value=0.389; O.R Group C=1.175, p-value=0.564).
Unplanned removal of vascular catheters and endotra-
cheal tube complications were infrequent, without differ-
ences between groups (Table 4).

ICU and 90-day mortality were 31.4% and 36.2%,
respectively (Table 4). Risk/protective factors for 90-day
mortality in the unadjusted analysis are shown in Addi-
tional file 1: Table S10. Patients in group C presented
higher 90-day mortality than patients from groups A and
B (Table 4). However, after controlling for confounding
factors, risk of death was similar among groups: group A
(reference); group B HR=1.297, 95% CI [0.811-2.075],
p-value=0.277; and group C HR=1.390, 95% CI [0.855—
2.261], p-value =0.184.

Time on mechanical ventilation was 15 (10-22) days
and 19.6% of patients required tracheostomy. Patients in
group C had a longer duration of mechanical ventilation,
ICU and hospital length of stay, and a higher rate of tra-
cheostomy (Table 4).
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Discussion

In a large multicenter cohort of mechanically ventilated
patients with moderate-to-severe COVID-19-related
ARDS from Chile, we observed that a strategy of contin-
uous prolonged prone positioning was feasible and safe.
The main adverse event was low-grade pressure sores in
the ventral body surface, but the rate of severe adverse
events was low. Most patients required a single prone
session that lasted 3 to 5 days, although in a subgroup it
was extended beyond 5 days. Importantly, prone session
duration was not independently associated to the risk of
pressure sores.

A few single-center series of prolonged prone position-
ing had been previously reported; six before the COVID-
19 pandemic (including 255 patients in total) and seven
during the pandemic (including 162 patients in total).
Only four series had more than 20 patients and the larg-
est study included 116 ARDS patients from Korea. The
median duration of prone sessions in these series lasted
between 34 h and 3 days (Additional file 1: Table S12).
Here, we report the largest cohort of ARDS patients
treated with prolonged prone positioning reported up to
now, including several heterogeneous centers, alongside
highly granular data. Our study indicates that prolonged
prone positioning can be implemented on a large scale,
and that prone sessions can be extended for several days
if required, without major side effects.

Prone session duration was highly variable according
to the time each patient required to achieve the prede-
fined PaO,:FiO, ratio of 200, which contrasts with the
standard approach of fix time-limited sessions. The
underlying rationale was to turn patients back to supine
position only after there was a strong assumption that
prone position may no longer be required. According
to the PROSEVA trial, repeated prone sessions are indi-
cated if PaO,:FiO, ratio falls below 150 once turned back
to supine position [1]. As oxygen exchange worsens in
most patients after returning to supine position [1, 8, 14],
we defined a pragmatic criterion to predict whether the
patient would be able to sustain a PaO,:FiO, ratio above
150 in supine position: patients should reach a PaO,:FiO,
ratio above 200 while on prone position. Such criterion
showed to be a reasonable predictor as no patient of the
entire cohort who had reached this threshold exhibited
a PaO,:FiO, ratio below 150 after being turned back to
supine position (Additional file 1: Fig. S4). Importantly,
similar to the PROSEVA trial, PaO,:FiO, ratio is used as a
proxy of severity to determine when prone position may
be justified, but not to identify “responders” It has been
shown that oxygenation response to prone position is not
associated with its favorable impact on survival, which is
presumed to be explained by enhanced lung protection
[17, 30]. A potential gain of our approach compared to
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the conventional daily prone sessions is a lower chance of
interrupting the protective effect of prone position, dur-
ing a period in which it is still beneficial in patients who
maintain a higher risk of ventilator-induced lung injury.

When analyzing the different cohorts of COVID-
19 patients treated with prone positioning, there is a
clear inverse relation between duration of prone ses-
sions and number of sessions required (Additional file 1:
Table S11). In our study, 76.3% of patients required a
single prone session, which is consistent with a recent
report in 61 COVID-19 patients treated with prolonged
prone ventilation of whom 46 required a single ses-
sion [26]. This contrasts with other series using daily
prone sessions, which reported 3 to 4 sessions/patient
on average (Additional file 1: Table S11). Several studies
have reported that increased workload associated with
repeated repositioning is one of the main factors which
precludes implementation of prone positioning [1, 2, 31].

As previous reports of prolonged prone positioning are
single-center studies, most including a small number of
patients, there has been concern regarding the feasibil-
ity of implementing such strategy at a wider scale. In the
present study most ICUs were heavily overloaded dur-
ing the first COVID-19 pandemic wave and had to lower
some nursing standards (Additional file 1: Table S2).
Despite these adverse circumstances, and the heteroge-
neity in terms of organization and staffing, all participat-
ing ICUs were able to successfully implement continuous
prolonged prone positioning as their standard protocol.
Almost two-thirds of mechanically ventilated patients in
the participating centers received prolonged prone posi-
tioning and, in most patients, it was started on the first
day of ventilation, which has been associated to better
outcomes [8, 10]. It is likely that a protocol perceived as
less demanding contributed to a broad and timely imple-
mentation of prone positioning.

Prone position-related adverse effects were uncommon
except for pressure sores on the ventral body surface,
with a rate comparable to that reported in the PROSEVA
trial [1, 27]. No patient developed grade 3—4 pressure
sores or required surgical debridement; this is consistent
with several previous studies of prone positioning which
have shown that most prone-related pressure sores are
grade 1-2 [15, 26, 28, 29]. Previous experiences with pro-
longed prone position published up to now had reported
a rate of pressure sores ranging between 13.3 and 67%,
with lower than 5% of the cases corresponding to grade
3 (Additional file 1: Table S12). Non-scheduled extuba-
tion, endotracheal tube obstruction and displacement
of vascular catheters were infrequent, with lower rates
compared to those reported in previous studies using
intermittent daily prone positioning [1, 15]. This find-
ing may be related to the intrinsic risk associated to the
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maneuver of changing position to and from prone posi-
tioning. Other major complications leading to interrup-
tion of prone sessions were also observed at lower rates
than previously reported [1].

As a relevant proportion of patients required very long
prone sessions beyond what we had seen in the past [18,
20], we decided to separate the cohort in groups to bet-
ter analyze the potential impact of this variable on safety.
We observed that group C had a higher rate of pressures
sores and a larger mortality than groups A and B. How-
ever, after adjusting for confounding factors, multivari-
able analyses revealed that duration of prone sessions
was not independently associated with pressure sores
or mortality. Because patients from group C presented
higher use of HFNC and awake prone, and higher sever-
ity of lung disease once intubated, we cannot rule out
whether a delayed intubation affected the progressive
course of the disease and contributed to lung loss of aera-
tion and/or fibrotic organization in these patients; there
was no provision of a standardized approach to intuba-
tion decisions.

Our study certainly has limitations. First, it was ret-
rospective which has well known limitations compared
to a prospective design. However, prospectively collect-
ing the amount of granular data presented in this study
would have been extremely challenging in the context of
overwhelmed ICUs. Second, due to time and resource
constraints, we studied a convenience sample using
an 8-week enrollment window, which may be affected
by selection bias. However, no major differences were
observed between the individual mortality rates of the
participating ICUs during the first wave in Chile, with the
corresponding mortality in the study sample (Additional
file 1: Table S1). Third, as our study was limited to Chile
in which most centers had previous experience with pro-
longed prone positioning, our findings cannot be gen-
eralized to places with less experience in this technique.
Finally, we did not include a control group of patients
treated with the conventional daily prone sessions, so we
cannot compare both strategies.

Conclusions

In conclusion, a nationwide strategy of continuous pro-
longed prone positioning was feasible with 3 out of 4
patients requiring a single uninterrupted session. Minor
pressure sores in the ventral surface were frequent but
within the ranges previously described for prone posi-
tioning, while severe adverse events were infrequent.
By decreasing workload, this strategy may facilitate
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widespread use of prone positioning, one of the few life-
saving interventions for ARDS.
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