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Effects of Trunk Inclination on Respiratory
Mechanics in Patients with COVID-19–associated
Acute Respiratory Distress Syndrome: Let’s Always
Report the Angle!

To the Editor:

The role of trunk inclination on respiratory function has been
explored in patients with “typical” acute respiratory distress
syndrome (ARDS) (1–3). Data regarding patients with coronavirus
disease (COVID-19)–associated ARDS (C-ARDS) are currently
lacking.

The aim of our study was to assess the effects of changes in trunk
inclination on lung mechanics and gas exchange in mechanically
ventilated patients with C-ARDS.

Methods
This single-center physiological crossover study (ethical
committee approval #70-11022021) was conducted on adult
patients admitted to our COVID-ICU between March 3 and
May 4, 2021. Diagnosis of C-ARDS, deep sedation, paralysis,
and volume-controlled mechanical ventilation were the
inclusion criteria. Contraindications to mobilization (e.g.,
intracranial hypertension, spinal cord injury, tracheal lesions)
and pregnancy constituted exclusion criteria. Patients were
enrolled according to study personnel availability. A 5-F
esophageal balloon (CooperSurgical) was inserted. The balloon
was inflated with 1 ml of air, and the correct position/function
was verified before each measurement (4). Mechanical
ventilation parameters, kept constant throughout the study,
were set by the attending physician. Usually, positive end-
expiratory pressure (PEEP) is set according to the best
respiratory system compliance (CRS) assessed with a
recruitment maneuver followed by a decremental PEEP trial.
Of note, trunk inclination during PEEP selection is not
standardized.

Patients underwent three 15-minute steps in which trunk
inclination was changed from 40� (semirecumbent, baseline) to
0� (supine-flat), and back to 40� during the last step. At the
end of each step, partitioned respiratory mechanics, arterial/
central venous blood gas analysis, and basic hemodynamics
were recorded. Ventilatory ratio was calculated.

Statistical analysis. Continuous variables are expressed as
median (interquartile range). One-way ANOVA for repeated

measures or the Friedman test was applied, as appropriate.
Bonferroni and Dunn’s post hoc comparisons were used,
respectively. A P, 0.05 was considered statistically significant
(GraphPad Software).

Results
Twenty patients were enrolled (11 male; 67 [59–70] years; body
mass index, 30 [28–35] kg/m2; Simplified Acute Physiology
Score-II, 36 [32–45]). ARDS was mild in 1, moderate in 9, and
severe in 10 patients. Patients were studied 2.5 (2.0–4.5) days
after intubation. VT was 5.9 (5.7–6.3) ml/kg of predicted body
weight, and PEEP was 14 (12–14) cm H2O.

After changing trunk inclination from 40� to 0�, driving
pressure decreased from 13 (12–15) to 10 (9–11) cm H2O
(P, 0.0001) and CRS increased from 29 (24–35) to 38 (33–48)
ml/cm H2O (P, 0.0001). Compared with the values obtained at
baseline (semirecumbent), the supine-flat position was associated
with increased chest wall compliance (CCW) (131 [101–170] vs.
215 [175–300] ml/cm H2O; P, 0.01) and increased lung
compliance (CLung) (38 [30–46] vs. 46 [40–62] ml/cm H2O;
P, 0.01).

A significant reduction in both PaCO2
(52 [47–57] vs. 50

[46–54] mm Hg; P, 0.001) and ventilatory ratio (1.81
[1.47–2.02] vs. 1.68 [1.43–1.96]; P, 0.001) was recorded when
patients were placed supine-flat. Moreover, a positive correlation
(r = 0.66; P = 0.002) between the drop of driving pressure and the
reduction of PaCO2

was observed. Oxygenation was not
significantly affected by changes in trunk inclination. Changes in
respiratory mechanics and PaCO2

were rapidly reversed once
patients were repositioned in the semirecumbent position
(Table 1 and Figure 1).

Discussion
The change in trunk inclination from semirecumbent to supine-flat
in patients with C-ARDS: 1) increased CRS owing to both an increase
in CCW and CLung; 2) improved CO2 clearance; and 3) had no
considerable effect on oxygenation.

These findings have several implications. First, it is of
interest to understand the mechanisms leading to such a
remarkable, quick, and reversible improvement in the
mechanical characteristics of the respiratory system.
Compliance improvements in patients with ARDS are
frequently attributed to the recruitment of previously collapsed
alveoli, and therefore to an increase in end-expiratory lung
volume (EELV). Another possible mechanism is a certain
degree of lung derecruitment accompanied by intratidal
recruitment (5). Finally, the reduction in overdistension of
previously overstretched lung regions could play a role (i.e., a
reduction in the aeration of ventilated alveoli) (6).

Our results are not sufficient to clearly identify the
underlying mechanisms, as we did not assess EELV and
regional ventilation distribution. However, a major role of
alveolar recruitment is unlikely in the present context, given
the rapidity of the observed improvement and its reversibility
once placed back in the semirecumbent position. Moreover,
although intratidal recruitment might play a role, we think
that the major pathophysiological mechanism likely explaining
our findings is a reduced overdistention of some lung regions.
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In other words, it is conceivable that placing patients in the
supine position caused a cephalad displacement of the
diaphragm, resulting in a reduction in EELV and alveolar
overdistension. This hypothesis is upheld by both the available
literature, demonstrating that the supine-flat position is
associated with a reduction in EELV (1–3, 7) and by the
significant reduction in PaCO2

in this position.
Our results regarding changes in respiratory mechanics are in

line with previous studies performed on patients with typical ARDS
(1–3). Put together, these studies convey a clear clinical and
methodological message: trunk inclination should be measured and
reported when assessing respiratory mechanics. From a clinical
perspective, to monitor patients’ respiratory mechanics, it appears to
be of the utmost importance to standardize trunk inclination when
respiratory mechanics are assessed. In addition, although there is
likely no correct angle, we think that trunk inclination should always
be stated in the methods to improve the reliability and reproducibility
of clinical studies dealing with respiratory mechanics. Another
important clinical implication of our study is that a simple
intervention, such as placing the patient supine-flat, markedly reduces
driving pressure and lung stress (transpulmonary pressure) (8).
Moreover, the improved CO2 clearance could potentially allow
reduction of the respiratory rate, further lowering the mechanical
power delivered to the lungs and thus the risk of ventilator-induced
lung injury (9).

As the study steps were relatively short, we can draw no
conclusions on the long-term effects on gas exchange and ventilator-
induced lung injury. Other limitations of our study are the lack of
gastric pressure measurement and the high and relatively
homogenous PEEP levels.

Conclusions. The change in body position from
semirecumbent to supine-flat improved respiratory mechanics
and CO2 clearance and did not worsen oxygenation in
C-ARDS. Given the remarkable effect of trunk inclination on
respiratory mechanics, we think that reporting the angle of
trunk inclination is of extreme importance to obtain a reliable
assessment and monitoring of the respiratory mechanics in
mechanically ventilated patients. �
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Table 1. Effect of Trunk Inclination on Ventilatory Parameters, Gas Exchange, and Hemodynamics

First Step (40º) Second Step (0º) Third Step (40º) P Value

Ventilatory parameters
Peak inspiratory pressure, cm H2O 32 (29–36) 28 (26–34)* 32 (29–36)† ,0.0001
Mean airway pressure, cm H2O 18 (16–19) 17 (16–19)* 18 (16–19)† ,0.01
Plateau pressure, cm H2O 27 (25–28) 24 (21–25)* 27 (26–28)† ,0.0001
End-expiratory airway pressure, cm H2O 14 (12–14) 14 (12–14) 14 (12–14) 0.47
Driving pressure, cm H2O 13 (12–15) 10 (9–11)* 13 (12–15)† ,0.0001
End-inspiratory esophageal pressure, cm H2O 11 (9–16) 14 (13–17)* 11 (10–16)† ,0.001
End-expiratory esophageal pressure, cm H2O 8 (6–14) 12 (11–16)* 9 (6–13)† ,0.0001
End-inspiratory transpulmonary pressure, PLes, cm H2O 15 (13–18) 9 (7–10)* 14 (12–17)† ,0.0001
End-inspiratory transpulmonary pressure, PLer, cm H2O 20 (19–23) 19 (17–22)* 20 (18–22) 0.027
Driving transpulmonary pressure, cm H2O 10 (8–12) 8 (6–10)* 10 (8–12)† ,0.01
CRS, ml/cm H2O 29 (24–35) 38 (33–48)* 29 (24–35)† ,0.0001
CCW, ml/cm H2O 131 (101–170) 215 (175–300)* 143 (99–181)† ,0.001
CLung, ml/cm H2O 38 (30–46) 46 (40–62)* 39 (31–48)† ,0.01

Gas exchange and ABG parameters
PaO2/FIO2

145 (115–189) 140 (102–175) 144 (109–181) 0.74
SaO2

, % 96 (95–97) 96 (94–98) 96 (95–97) 0.94
PaCO2

, mm Hg 52 (47–57) 50 (46–54)* 52 (48–57)† ,0.001
pH 7.39 (7.35–7.42) 7.38 (7.36–7.43)* 7.39 (7.34–7.42)† ,0.01
Lactate, mmol/L 1.14 (0.9–1.4) 1.11 (0.9–1.4) 1.14 (0.9–1.4) 0.82
Shunt, % (n=19) 33 (23–42) 33 (26–42) 34 (26–40) 0.70
Ventilatory ratio 1.81 (1.47–2.02) 1.68 (1.43–1.96)* 1.77 (1.39–2.01)† ,0.001

Hemodynamics
HR, n/min 75 (58–85) 74 (54–89) 77 (56–88) 0.25
MAP, mm Hg 78 (71–88) 84 (73–92) 81 (73–89) 0.23
CVP, mm Hg 8 (6–10) 10 (8–12) 8 (6–10) 0.036

Definition of abbreviations: ABG=arterial blood gas; CCW=chest wall compliance; CLung= lung compliance; CRS=compliance of the respiratory
system; CVP=central venous pressure; HR=heart rate; MAP=mean arterial pressure; PLer =end-inspiratory transpulmonary pressure
calculated from elastance ratio (10); PLes=end-inspiratory transpulmonary pressure calculated from esophageal pressure.
Data are expressed as median (interquartile range).
*P, 0.05 second step (0�) versus first step (40�).
†P, 0.05 third step (40�) versus second step (0�).
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Figure 1. Driving pressure, PaCO2
, chest wall compliance, and lung compliance. (A) Driving pressure, (B) PaCO2

, (C) chest wall compliance, and
(D) lung compliance have been reported as individual values. A combination of symbol and color was assigned to each patient and was kept
constant in the four graphs to allow their identification. *P, 0.05 second step (0�) versus first step (40�); †P,0.05 third step (40�) versus
second step (0�). CCW=chest wall compliance; CLung= lung compliance.
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Major Decrease in Lung Transplantation for Patients
with Cystic Fibrosis in France

To the Editor:

Cystic fibrosis (CF), a genetic disease related to mutations in the gene
encoding for the CF transmembrane conductance regulator (CFTR)

protein, often results in progressive development of respiratory
failure. Lung transplantation appears as a therapeutic option that
prolongs survival and improves quality of life in patients with
advanced CF pulmonary disease in whommedical therapy is not
sufficient to control disease progression (1), and CF remains one of
the major indications for lung transplantation worldwide.

Over the past 10 years, small molecules directly targeting the
CFTR defect, called CFTRmodulators, have been developed and have
provided clinical benefits to patients with CF (2). The first CFTR
modulator, ivacaftor, is considered a highly effective CFTR
modulator, including in patients with advanced CF pulmonary
disease, with the potential of preventing evolution to end-stage
disease and lung transplantation (3). However, only a limited number
of patients with CF have CFTRmutations eligible for ivacaftor (�5%
in France). Double combination therapy (lumacaftor–ivacaftor and
tezacaftor–ivacaftor) target approximately 40–50% of patients with
CF but have only a moderate effect on lung function (4, 5), especially
in patients with advanced pulmonary disease. Furthermore,
lumacaftor–ivacaftor had to be discontinued in up to 28% of patients
with advanced pulmonary disease, in most cases owing to the
occurrence of respiratory adverse effects (4). In marked contrast with
these double combinations, triple combination of
elexacaftor–tezacaftor–ivacaftor has been developed for patients with
at least one Phe508del CFTR allele (corresponding to 80–85% of
patients with CF) and induces large improvement in lung function,
respiratory symptoms, exacerbation frequency, and nutritional status.

In a recent study, our group described the effects of
elexacaftor–tezacaftor–ivacaftor in 245 French patients with CF with
advanced pulmonary disease (6). Our data showed rapid
improvement in lung function and body mass index with an
acceptable safety profile. Initiation of elexacaftor–tezacaftor–ivacaftor
was further associated with improvement in gas exchange leading to
discontinuation of long-term oxygen and noninvasive ventilation in
30–50% of patients (6). Importantly, most patients who were listed
for lung transplantation were removed from the transplant list, and
those who were under active evaluation for transplantation listing
showed such an improvement that they were no longer considered
for lung transplantation at the end of our study (6). Data obtained
from the French Agence de la Biom�edecine Registry, which collects
all transplant-related data in France, further indicated that lung
transplantation for CF was reduced by 55% in 2020 as compared with
2018–2019 (6). Altogether, these data suggested an effect of
elexacaftor–tezacaftor–ivacaftor in reducing the need for lung
transplantation in patients with advanced CF pulmonary disease.
However, the study was performed at the time when the coronavirus
disease (COVID-19) pandemic was surging in France and was having
a profound effect on the ability to perform lung transplantation (7–9).
Thus, it was suggested that at least some of the reduction in lung
transplantation observed in our study could have been related to the
COVID-19 pandemic (10). Indeed, data from the United Network for
Organ Sharing registry also reported a decrease in lung transplant
volume at the onset of the COVID-19 pandemic (11).

Here, we present more recent data on first lung transplantation
(excluding lung retransplantation as patients with CF living with a
lung transplant are not currently eligible to receive
elexacaftor–tezacaftor–ivacaftor) in France (Figure 1). Figure 1A
shows that a marked decrease in lung transplant volume occurred in
the first 6 months of 2020, but that lung transplant activity largely
resumed, although to a lower level, during the second half of 2020
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