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Prone positioning; Objective: To investigate the association between the duration of the first prone positioning
90-day mortality; maneuver (PPM) and 90-day mortality in patients with C-ARDS.

C-ARDS Design: Retrospective, observational, and analytical study.

Setting: COVID-19 ICU of a tertiary hospital.

Patients: Adults over 18 years old, with a confirmed diagnosis of SARS-CoV-2 disease requiring
PPM.

Interventions: Multivariable analysis of 90-day survival.

Main variables of interest: Duration of the first PPM, number of PPM sessions, 90-day mortality.
Results: 271 patients undergoing PPM were analyzed: first tertile (n = 111), second tertile
(n = 95) and third tertile (n = 65). The results indicated that the median duration of PDP was
14 h (95% Cl: 10—16 h) in the first tertile, 19 h (95% Cl: 18—20 h) in the second tertile and 22 h
(95% Cl: 21—24 h) in the third tertile. Comparison of survival curves using the Logrank test did not
reach statistical significance (p = 0.11). Cox Regression analysis showed an association between
the number of pronation sessions (patients receiving between 2 and 5 sessions (HR = 2.19; 95%
Cl: 1.07-4.49); and those receiving more than 5 sessions (HR = 6.05; 95% Cl: 2.78-13.16) and
90-day mortality.

Conclusions: while the duration of PDP does not appear to significantly influence 90-day mor-
tality, the number of pronation sessions is identified as a significant factor associated with an
increased risk of mortality.
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Duracion de la primera maniobra de decubito prono y su asociaciéon con la mortalidad
a 90 dias en pacientes con insuficiencia respiratoria aguda por COVID-19: un estudio
retrospectivo de terciles de tiempo

PALABRAS CLAVE
Decubito prono;
Mortalidad a 90 dias;

C-ARDS Resumen

Objetivo: investigar la asociacion entre la duracion de la primera maniobra de posicion en
declbito prono (PDP) y la mortalidad a 90 dias en pacientes con C-ARDS.
Diseno: estudio retrospectivo, observacional y analitico.
Ambito: UCI-COVID de hospital terciario.
Pacientes: mayores de 18 afios, con diagnostico confirmado de enfermedad por de SARS-CoV-2
que necesitaron de maniobra de PDP.
Intervenciones: analisis multivariable de supervivencia a 90 dias.
Variables de interés principales: duracion de la primera PDP, nimero de sesiones de PDP, mor-
talidad a 90 dias.
Resultados: 271 pacientes sometidos a PDP fueron analizados: primer tercil (n = 111), segundo
tercil (n = 95) y tercer tercil (n = 65). Los resultados indicaron que la mediana de la duracion
del PDP fue de 14 horas (1C95%: 10—16 horas) en el primer tercil, 19 horas (IC95%: 18—20 horas)
en el segundo tercil y 22 horas (1C95%: 21—24 horas) en el tercer tercil. La comparacion de las
curvas de supervivencia a través de la prueba de Logrank, no alcanzo6 significancia estadistica
(p = 0,11). El analisis de Regresion de Cox evidencio asociacion entre el nimero de sesiones de
pronacion (los pacientes que recibieron entre 2 y 5 sesiones (HR = 2,19; IC 95%: 1,07—4,49); y
aquellos que recibieron mas de 5 sesiones (HR = 6,05; IC 95%: 2,78—13,16) y la mortalidad a 90
dias.
Conclusiones: mientras que la duracion del PDP no parece influir de forma significativa en
la mortalidad a 90 dias, el nUmero de sesiones de pronacion se identifica como un factor
significativo asociado con un mayor riesgo de mortalidad.
© 2024 Elsevier Espana, S.L.U. y SEMICYUC. Todos los derechos reservados.

Introduction to the duration of the first PPM session, and an analysis

Acute respiratory distress syndrome caused by SARS-CoV-2
(hereinafter referred to as C-ARDS [COVID-acute respira-
tory distress syndrome]) has given rise to an unprecedented
worldwide health crisis, with high morbidity and mortality,
particularly in patients with acute respiratory failure. In this
context, prone position maneuvering (PPM) has proven to be
a crucial therapeutic measure for improving oxygenation and
lung mechanics in critically ill patients.'>

However, despite its widespread use in clinical practice,
the optimum duration of the first PPM session in patients
with C-ARDS has not been clearly established to date. In
addition to this lack of consensus, there is little evidence on
the specific impact of the initial duration of PPM upon the
long-term clinical outcomes.®°

In this context, it has been suggested that the duration
of the first PPM session may significantly influence middle-
term mortality among patients with C-ARDS. It has been
postulated that an optimum duration of the first session
could result in improved oxygenation and an alleviation
of pulmonary stress, favoring more effective pulmonary
recovery and reducing the incidence of serious respiratory
complications, with a consequent decrease in mortality. 04

The present study was carried out to explore the asso-
ciation between the duration of the first PPM session and
90-day mortality among patients with C-ARDS. For this pur-
pose, the patients were divided into time tertiles according

was made of the clinical outcomes, focusing particularly on
90-day mortality.

Material and methods

A retrospective, observational analytical study was carried
out involving the adults admitted to the COVID-19 area with
a diagnosis of SARS-CoV-2 infection confirmed by respira-
tory tract cell polymerase chain reaction (PCR) testing in
the Department of Intensive Care Medicine of a tertiary hos-
pital between March 2020 and March 2022. The data were
collected from the COVID-19 patient registry in the Depart-
ment of Intensive Care Medicine. The study was approved
by the local Research Ethics Committee (reference code
2020.250), and informed consent to use of the data was
obtained from the patients or their legal representatives in
writing and/or verbally by telephone. Some data that were
not initially collected were later obtained on a retrospective
basis.

Inclusion criteria: patients over 18 years of age, with a
diagnosis of SARS-CoV-2 disease confirmed in the first 24 h of
hospital stay; need for admission to the Intensive Care Unit
(ICU) due to respiratory failure, with mechanical ventilation
(MV); need for PPM as part of the management of respi-
ratory failure. Exclusion criteria: data registries containing
errors in the study variables; use of PPM in awake patients.
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The recorded variables are described in more detail in the
supplementary material.

The patients were divided into tertiles according to the
duration (in hours) of the first PPM session. The indication of
the latter, as well as cessation of the maneuver, was decided
by the supervising physician based on the recommendations
for the management of critically ill patients with COVID-19
in ICUs of the Spanish Society of Intensive and Critical Care
Medicine and Coronary Units (Sociedad Espafola de Medicina
Intensiva, Criticay Unidades Coronarias [SEMICYUC]), which
propose a duration of PPM of at least 16 h.'> Early PPM was
defined as those patients placed in the prone position within
the first 24 h following admission.

The patients were followed up on for 90 days from the
moment of admission to the ICU or until death (whichever
occurred first).

We performed a first descriptive analysis of the sample,
reporting categorical variables as absolute values and per-
centages, with calculation of the median and percentiles
25-75 (p25-75) in the case of continuous quantitative
variables. The comparison of percentages between groups
was carried out based on contingency tables and the chi-
square test. The Kruskal-Wallis test was used in the case of
continuous variables.

Subsequently, a multivariate survival analysis was per-
formed, with adjustment of a Cox regression model
(method: forward stepwise, entering variables in the model
if p < 0.05 and excluding them if p > 0.2; status: 90-day
mortality, selecting the independent variables with p < 0.2
in the bivariate analysis). Associations were expressed using
the hazard ratio (HR) with the corresponding 95% confidence
interval (95%Cl). Harrell’s C-index was used to assess concor-
dance in the Cox regression model. Statistical significance
was considered for p < 0.05 in all the tests.

The analysis of 90-day survival was based on the Kaplan-
Meier method for the variable time of death (log-rank test).

Results

A total of 911 patients were admitted to the COVID-19
ICU during the study period. With a total of 894 analyzed
patients (Table 1), we evaluated the distribution of cases
in the course of the different waves of the pandemic, with
the sixth wave making the greatest contribution to the num-
ber of patients (24.5%). A total of 300 patients (33%) were
subjected to some PPM sessions during their ICU stay. After
filtering the data, we analyzed a total of 271 patients sub-
jected to PPM. Most of the patients (n = 111, 41%) were
classified into the first tertile of the duration (in hours) of
the first PPM session, 95 (35%) in the second tertile, and 65
(24%) in the third tertile (Fig. 1).

The median duration of PPM was 14 h (95%Cl: 10—16) in
the first tertile, 19 h (95%Cl: 18—20) in the second tertile,
and 22 h (95%Cl: 21—24) in the third tertile.

The comparative analysis of the clinical-epidemiological
characteristics, grouped by time tertiles (in hours) of the
first PPM session, evidenced uniformity in the presenta-
tion of cases in the course of the different waves, with
certain variations in biomarkers and vaccination status
(Table 2). C-reactive protein (CRP) showed significant vari-
ations between groups (p = 0.02), and chronic renal failure

(CRF) was more pronounced in the patients belonging to the
first tertile (p = 0.04) (Table 2).

There were differences in clinical presentation and treat-
ment strategies according to the tertile involved (Table 3).
The ratio of arterial oxygen partial pressure to the fraction
of inspired oxygen (Pa0,/FiO;) showed significant variations,
with lower values in the first tertile (p < 0.05), and there
were different patterns in the use of nasal high-flow oxy-
gen therapy (HFOT) in the UCI, with a significant decrease
in its use among the patients in which the first PPM ses-
sion was longest (third tertile) (p = 0.05). In turn, the use
of extracorporeal membrane oxygenation (ECMO) showed
variability, though without reaching statistical significance
(p = 0.09). The median number of PPM sessions was 2,
with an interquartile range (IQR) of 1—4 sessions in all
the groups. In terms of frequency, approximately one-third
of the patients underwent a single PPM session. The dif-
ferences between groups were not statistically significant
(p=0.11).

In the analysis of the main evolutive variables between
the groups (Table 4), no significant differences were found
in terms of either the duration of MV or the duration of
ICU stay (p = 0.74 and p = 0.88, respectively). The diag-
nosis of ventilator-associated tracheobronchitis/pneumonia
(VAT/VAP) tended to be more prevalent in the second tertile
(64%) (p = 0.08). Other study outcomes, such as the diag-
nosis of massive pulmonary thromboembolism (PTE), and
the need for tracheostomy, showed no substantial differ-
ences.

The survival analysis showed a mean survival of 74 days
with a standard error (SE) of 2.687 and a 95%Cl of 69-79
days in the first tertile. In the second tertile, the mean sur-
vival was slightly lower (71 days, SE 3.191; 95%Cl: 64-77
days). In contrast, the third tertile showed the highest
mean survival (80 days, SE 3.085; 95%Cl: 74-86 days). Based
on the Kaplan-Meier method and comparing the survival
curves using the log-rank test, no statistical significance was
observed (p = 0.11), though the patients with the longest
duration of the first PPM session tended to present greater
survival (Fig. 2).

Lastly, in the Cox regression analysis referred to survival
time over the 90 days of follow-up, the model included varia-
bles such as patient age, where a one-year increase in age
was seen to be associated with a 7.07% increase in 90-day
mortality risk (HR = 1.07; 95%Cl: 1.03-1.10). In turn, those
patients who required ECMO had a 4.42-fold higher mor-
tality risk than those who did not need ECMO (HR = 4.42;
95%Cl: 1.52-12.82). The number of PPM sessions was also
significantly correlated to 90-day survival: those patients
receiving between 2-5 sessions had a 2.19-fold higher mor-
tality risk than those who underwent a single PPM session
(HR = 2.19; 95%Cl: 1.07-4.49), and those who received > 5
sessions had an even mortality higher risk (6.05-fold) versus
the reference group (HR = 6.05; 95%Cl: 2.78-13.16). In turn,
Pa0,/FiO, upon admission to the ICU was also significantly
correlated to survival: for each unit increase in PaO,/FiO,,
90-day survival was seen to increase 0.68% (HR = 1.00; 95%Cl:
1.00-1.01). Harrell’s C-index was 0.745 (95%Cl: 0.68—0.80).
The following variables were not included in the model:
gender, CRP level, IL-6, VAT/VAP, CRF, the use of HFOT, the
duration of HFOT and the different time tertiles of the first
PPM session.
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Table 1  Main variables of the study cohort.

Total patients n = 894

Time period of pandemic
1st wave, n (%)
2nd wave, n (%)
3rd wave, n (%)
4th wave, n (%)
5th wave, n (%)
6th wave, n (%)
Age (vears), median (p25—75)
Male gender, n (%)
AHT, n (%)
Obesity, n (%)
Diabetes, n (%)
Dyslipidemia, n (%)
Smoker, n (%)
SOFA score, median (p25-p75)
The main reason for admission ARF, n
(%)
Pa0,/FiO, upon admission to ICU,
mmHg, median (p25-p75)
Need for IMV, n (%)
Prone position therapy, n (%)
Corticosteroid use, n (%)
Days on MV, median (p25-p75)
ICU stay (days), median (p25-p75)

67 (7.5%)
161 (18%)
185 (27%)
130 (14.5%)
130 (14.5%)
221 (24.5%)
64 (53—72)
624 (70%)
392 (44%)
146 (16%)
174 (19%)
197 (22%)
266 (30%)
5 (4—6)
775 (88%)

146 (114—187)

571 (64%)
300 (33%)
654 (73%)
9 (5-16)
9 (4-17)

Pa0, /FiO;: ratio of arterial oxygen partial pressure to the fraction of inspired oxygen; AHT: arterial hypertension; HFOT: high-flow oxygen

therapy, MV: mechanical ventilation; ARF: acute respiratory failure. SOFA: Sequential Organ Failure Assessment.

Patients admitted during the study

period
n=911

Patients analyzed
n=884

A

Patients excluded due to failure to
meet inclusion criteria
n=594

Patients subjected to PPM
n=300

Patients analyzed
n=271

Patients excluded due to non-valid
registries
n=29

y

First tertile
n=111

A

Second tertile
n=95

Figure 1
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Third tertile
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Table 2 Comparison of the clinical-epidemiological characteristics of the patients according to time tertiles (hours) of the first PPM session.

First tertile Second tertile Third tertile p
14 h (95%Cl: 10—16) 19 h (95%Cl: 18—20) 22 h (95%Cl: 21—-24)
n=111 n=95 n =65
Time period of pandemic
1st wave, n (%) 17 (15%) 8 (8%) 12 (18%) 0.36
2nd wave, n (%) 21 (19%) 29 (30%) 14 (21%)
3rd wave, n (%) 29 (26%) 30 (31%) 15 (23%)
4th wave, n (%) 17 (15%) 7 (7%) 10 (15%)
5th wave, n (%) 10 (9%) 9 (9%) 6 (9%)
6th wave, n (%) 17 (15%) 12 (13%) 8 (12%)
Comorbidities
Age (years), median (p25—75) 63 (55-70) 65 (56—72) 65 (53-70 0.65
Male gender, n (%) 79 (71%) 67 (70%) 47 (72%) 0.97
Vaccination status:
Complete, n (%) 4 (4%) 1 (1%) 1 (1%) 0.63
Incomplete, n (%) 11 (10%) 9 (9%) 4 (6%)
Not vaccinated, n (%) 96 (86%) 85 (89%) 60 (92%)
AHT, n (%) 58 (52%) 42 (44%) 26 (40%) 0.25
Obesity, n (%) 24 (22%) 18 (19%) 10 (15%) 0.60
Diabetes, n (%) 19 (17%) 19 (20%) 14 (21%) 0.75
Dyslipidemia, n (%) 39 (35%) 21 (22%) 19 (29%) 0.12
Smoker, n (%) 45 (40%) 30 (31%) 22 (34%) 0.38
OH abuse, n (%) 12 (11%) 6 (6%) 4 (6%) 0.40
CRF, n (%) 10 (9%) 5 (5%) 0 (0%) 0.04
SOFA, median 5 (4—6) 5 (4—6) 5 (4-6) 0.95
(p25-p75)
Studied biomarkers
CK (median p27—75) 125 (55—261) 110 (52—318) 221 (71-371) 0.23
D-dimer 926 (583—2149) 980 (646—1773) 991 (555—3621) 0.94
(median p27—-75)
Ferritin 803 (461—-1370) 1004 (485—1428) 994 (617.25—1526) 0.55
(median p27—75)
IL-6 (median p27—75) 103 (35—135) 69 (17—135) 65 (31—108) 0.18
CRP, mean (SD) 16 (7—22) 10 (5—18) 13 (8—24) 0.02
Troponin (median p25—75) 18 (6—48) 13 (7—41) 19 (10—61) 0.77
LDH (median p27—75) 403 (327-505) 402 (322—475) 396 (313—513) 0.67

99¥-/G¥ (¥Z07) 8% eAISUSIU| eULDLPAW

AHT: arterial hypertension; CRF: chronic renal failure; OH: alcohol. SOFA: Sequential Organ Failure Assessment.




(414

Table 3 Comparative analysis between time tertiles (hours) of the first PPM session referred to the main variables associated with acute respiratory failure and therapeutic

interventions in the ICU.

First tertile Second tertile Third tertile p
14 h (95%Cl: 10—16) 19 h (95%Cl: 18—20) 22 h (95%Cl: 21—24)
n=111 n=95 n=65
ARF as the main reason for admission to ICU, n 110 (94%) 94 (98%) 64 (98%) 0.92
(%)
Variables and therapeutic interventions related to respiratory failure
Pa0, /FiO, upon admission to ICU, mmHg, 120 (91—144) 142 (106—169) 120 (86—147) <0.05
median (p25—-75)
Previous use of HFOT in ICU, n (%) 50 (45%) 49 (52%) 21 (32%) 0.05
Hours of HFOT, median (p25—75) 45 (17-72) 46 (14-72) 15 (11-24) 0.02
Pa0,/FiO, prior to MV, mmHg, median 100 (87—120) 105 (87—135) 100 (80—130) 0.43
(p25-75)
Days ICU-PPM, median (p25—75) 1(1-2) 1(1-3) 1(1-2) 0.25
Pa0, /FiO, prior to PPM, median (p25—75) 124 (97—156) 120 (100—150) 127 (103—-150 0.73
Duration (hours) PPM, median (p25—75) 14 (10—16) 19 (18-20) 22 (21-24) <0.05
Early prone position, n (%) 78 (70%) 59 (62%) 46 (70%) 0.37
Number of PPM sessions, median (p25-75) 2 (1-4) 2 (1-4) 2 (1-4) 0.95
Frequency PPM session, n (%)
Single session 38 (34%) 33 (35%) 18 (28%)
2-5 sessions 56 (50%) 52 (55%) 38 (58 %)
>5 sessions 17 (15%) 10 (10%) 9 (14%)
Initial ventilatory parameters
Tidal volume (ml), median (p25—75) 0.55
470 (450—485) 475 (450—490) 480 (450—500)
BR (rpm), median (p25—75) 18 (16—20) 18 (16—18) 18 (16—20) 0.65
PEEP, cmH20, median (p25—-75) 10 (10—12) 10 (8—12) 12 (10—13) 0.24
Pplateau, cmH20, median (p25—75) 22 (20—26) 23 (21-25) 22 (21-25) 0.69
DP, cmH20, median (p25-75) 10 (9—14) 11 (9—14) 11 (8—14) 0.74
Mechanical power, J/min, median (p25—75) 17 (15-21) 18 (14-20) 18 (16—20) 0.44
Therapies used for SARS-CoV-2
Remdesivir, n (%) 9 (8%) 12 (13%) 6 (9%) 0.54
Corticosteroids, n (%) 92 (83%) 84 (88%) 57 (88%) 0.47
Tocilizumab, n (%) 32 (29%) 27 (28%) 18 (28%) 0.99
Plasma, n (%) 32 (29%) 28 (29%) 16 (25%) 0.78
Therapies used during ICU stay
Vasoactive drugs, n (%) 71 (64%) 56 (59%) 36 (55%) 0.51
CRRT, n (%) 7 (6%) 5 (5%) 5 (8%) 0.97
ECMO, n (%) 5 (4%) 1 (1%) 0 (0%) 0.09
iNO, n (%) 10 (9%) 12 (13%) 8 (12%) 0.67

ARDS: acute respiratory distress syndrome; PaO;/FiO,: ratio of arterial oxygen partial pressure to the fraction of inspired oxygen, HFOT: high-flow oxygen therapy, MV: mechanical

ventilation; CRRT: continuous renal replacement therapy; ECMO: extracorporeal membrane oxygenation; iNO: inhaled nitric oxide; BR: breathing rate; DP: driving pressure.
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Table 4 Main evolutive variables analyzed between the different groups according to time tertile (hours) of the first PPM

session.

First tertile Second tertile Third tertile p

14 h (95%Cl: 10—16) 19 h (95%Cl: 18—20) 22 h (95%Cl: 21—24)

n=111 n=95 n =65
Days on MV, median (p25-p75) 14 (7-24) 13 (8—25) 12 (8—19) 0.74
ICU stay (days), 17 (10—27) 17 (10—30) 15 (10—27) 0.88

median (p25-p75)

Diagnosis of VAT/VAP, n (%) 62 (56%) 61 (64%) 30 (46%) 0.08
Diagnosis of massive PTE, n (%) 7 (6%) 4 (4%) 3 (5%) 0.77
Need for tracheostomy, n (%) 22 (20%) 20 (21%) 11 (17%) 0.81
90-day mortality 27 (24%) 27 (28%) 9 (14%) 0.10

MV: mechanical ventilation; ICU: Intensive Care Unit; VAT/VAP: ventilator-associated tracheobronchitis/pneumonia; PTE: pulmonary

thromboembolism.

Survival probability (%)

Time tertiles (hours) ul

75| - | e First tertile a
— Second tertile 1
Third tertile = —=-= 1 N
' 1 | { 1 1 i
0 15 30 45 60 75 %0
time (days)
Figure 2 Kaplan-Meier 90-day survival curve according to
groups.
Discussion

The present study did not show patients with the longest first
PPM sessions to have significantly greater 90-day survival,
though the results obtained suggest the need to further
explore the impact of PPM time upon the clinical course
of patients with C-ARDS. On the other hand, the number of
PPM sessions was seen to be significantly associated with 90-
day mortality, with the lowest mortality risk corresponding
to those individuals subjected to a single PPM session.
Although we recorded no differences in specific
complications during ICU stay capable of accounting for the
observed differences in the survival curves from the sec-
ond week of follow-up, it is important to consider that
other factors not evaluated in the study could have influ-
enced patient mortality, such as additional comorbidities,
post-ICU treatment, the quality of the care provided, or
unknown middle-term complications. For example, modifi-
cation of the work structure, along with other factors, could
have exerted an arbitrary influence upon the moment in
which intubation was decided and mechanical ventilation
with protective strategies was started, and on the adoption
of maneuvers such as prone positioning. We found that in
those cases where the duration of the first PPM session was
longer, the use of HFOT before MV was also greater - a situ-

ation that can cause delays in intubation, which as we know
may result in a poorer prognosis.'®"’

The clinical rationale for extending the duration of the
PPM sessions is based on the main benefit of this position,
which results in more uniform stress and tension applied
by mechanical ventilation in the lungs. The prone position
favors a more uniform distribution of the ventilation volume.
Studies have shown that PPM can improve the homoge-
nization of pleural pressure and reopening of the posterior
alveolar units. From the organizational perspective, extend-
ing the PPM sessions to over 24 h can significantly reduce
the workload, and the risk of complications associated with
frequent rotation and viral exposure. In addition, it could
increase adherence to the prone position by concentrating
the returns to the supine position during the day, thereby
improving the safety of the procedure. However, extending
the duration of PPM is not without risks, such as an increased
risk of pressure sores, more catheter-related incidents, the
interruption of enteral nutrition, plexus disorders or paral-
ysis of the brachial plexus, among other conditions.'®

In our study, the decision to divide the patients into
tertiles was based on greater sensitivity to data varia-
tion (of advantage in capturing differences between values
with greater detail), simplification of the interpretation and
reporting of results, usefulness in analyzing or highlighting
differences in the distributions, and the facility of com-
paring groups between tertiles: an intermediate duration
group with two comparator groups (from longer to lesser
duration).™

It is important to underscore that apart from the appli-
cation of protective mechanical ventilation, the failure of
the first studies to demonstrate survival benefit with PPM
in ARDS has been attributed to both an insufficient duration
of PPM and to a late start of PPM.?°-?2 The recommenda-
tions of the SEMICYUC for the management of critically ill
patients with COVID-19 in the ICU established a duration of
PPM of at least 16 h."> These recommendations were mainly
based on the work of Guerin et al.," who documented a
marked decrease in mortality from 41% to 23.6% (p = 0.001)
on applying PPM sessions (4 days) lasting 17 h in patients
with a mean Pa0,/FiO; of 100 + 30 mmHg and protective
ventilation (tidal volume 6 ml/kg).

However, the number of patients requiring PPM increased
during the pandemic, and as a consequence of care over-
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load or of increased severity of the disease, some patients
remained on PPM for longer periods'® - what some authors
refer to as extended PPM. However, extended PPM had
already been described before the pandemic in small
pseudorandomized studies?® and retrospective single-center
studies in which sample heterogeneity, the few patients
involved, and the differences in positive end-expiratory
pressure (PEEP) as criteria for ending the sessions and
follow-up, did not allow conclusions to be drawn in relation
to patient survival.?*-2¢ Nevertheless, many of these stud-
ies reported marked improvements in oxygenation among
patients with extended PPM versus the more conventional
maneuvers.

During the pandemic, several centers published their
experience with extended PPM in patients with C-ARDS sub-
jected to mechanical ventilation. The most relevant studies
highlight the importance of the organizational strategies
employed, such as the ‘‘two nights’’ protocol, with a
median PPM duration of 39 h (interquartile range 34-42).
This protocol allowed an increase in PaO,/FiO, during the
first PPM session that was associated with a decrease in
mortality in the ICU. On the other hand, clinical strate-
gies were also established: once PPM was started, it was
maintained until clinical improvement was achieved. The
alternation between PPM and the supine position was sup-
pressed entirely. This strategy was first described on a large
scale in C-ARDS by Douglas et al.”’” The PPM sessions were
maintained until the patients met the following criteria:
Pa0,/FiO, > 150 with FiO, > 60% and PEEP < 10 cmH,O0.
This protocol resulted in sessions with a median duration of
2.95 days among the survivors and 3.3 days among the non-
survivors. In one-quarter of the latter cases, the sessions
lasted at least 6.6 days.

Lastly, a single study explored the causal relation-
ship between the clinically guided duration of PPM and
mortality.”® This was a retrospective multicenter study
involving a total of 263 patients. The median duration of
PPM in the extended PPM group was 40 h, and the maximum
duration of a single session was over 10 days. The median
duration of PPM in the standard duration PPM group was
17 h. The patients in the extended PPM group had a lower
three-month mortality rate than the patients in the standard
duration group (HR: 0.47; 95%Cl: 0.34-0.67; p < 0.001).

In a study exclusively focused on the first PPM cycle,
Gonzalez et al.?’ analyzed the characteristics, changes in
oxygenation and lung mechanics of patients with C-ARDS
subjected to PPM, with evaluation of the response to the
first maneuver. The mortality rate was seen to be signifi-
cantly lower in those individuals presenting an increase in
oxygenation after PPM. Patient age, the percentage increase
in Pa0,/FiO, after 24 h of PPM and the number of cycles
were identified as independent factors related to mortal-
ity.

In our setting, Miguel Balsa et al.>* described the char-
acteristics of patients with C-ARDS subjected to invasive
mechanical ventilation (IMV), and analyzed the effect of
prolonged PPM (over 24 h) versus PPM for less than 24 h.
Extended PPM was seen to be associated with less toler-
ance of ventilation in the supine position, longer hospital
stay, more days of IMV, a longer duration of neuromuscular
block treatment, and a greater number of orotracheal tube
obstruction episodes.

Based on the results of our analysis and the literature
review, it might be postulated that extending PPM beyond
16 h - which is currently the predominant recommenda-
tion - could prove feasible in terms of survival. However,
the best approach for extending this duration remains to
be defined: a fixed duration established by the care organi-
zation, or the application of clinical criteria to decide the
end of PPM? Further prospective and interventional investi-
gations are clearly needed to evaluate these aspects more
in-depth.

In addition to the limitations inherent to its retrospec-
tive nature, our study has the limitation of indicating PPM
based on the criterion of the supervising physician, without
a fixed and standardized protocol. Nevertheless, no signif-
icant differences were observed in the variables related
to the time of indication, which suggests that variability
in medical decision-making had no statistically significant
impact on the results obtained. The lack of data referred
to oxygenation and lung mechanics justifying the suspen-
sion of the maneuvers also partly limited the study. On
the other hand, some of the variables not entered into the
model could strongly correlate to other predictive variables
already included. Another limitation that needs to be men-
tioned is the percentage loss of patients during follow-up.
We found that approximately 10% of the patients subjected
to prone positioning (29 out of 300) were lost during the
study, and it is not possible to establish whether these losses
were random or were influenced by specific factors such as
the severity of the disease or the particular moment dur-
ing the pandemic. The possibility of bias in the selection of
the lost patients could have implications for the interpre-
tation of our results and the generalization of the findings
obtained. In addition, mention must be made of the effect
of imprecision of the estimations, given the sample size
involved. We acknowledge that because of the nature of
the study and the size of the sample, there may be limita-
tions in the precision of our results. Lastly, it is important
to note that the justification for early suspension of the first
PPM session was not documented: such justification was not
possible, since some patients included in the first tertile
received an insufficient duration of PPM according to the
PROSEVA study.’
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