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Abstract

Background This single-center preliminary prospective observational study used bedside ultrasound to assess the
lung aeration modifications induced by recruitment maneuver and pronation in intubated patients with acute res-
piratory disease syndrome (ARDS) related to coronavirus 2019 disease (COVID-19).

All adult intubated COVID-19 patients suitable for pronation were screened. After enrollment, patients underwent 1 h
in a volume-controlled mode in supine position (baseline) followed by a 35-cmH,O-recruitment maneuver of 2 min
(recruitment). Final step involved volume-controlled mode in prone position set as at baseline (pronation). At the end
of the first two steps and 1 h after pronation, a lung ultrasound was performed, and global and regional lung ultra-
sound score (LUS) were analyzed. Data sets are presented as a median and 25th-75th percentile.

Results From January to May 2022, 20 patients were included and analyzed. Global LUS reduced from 26.5
(23.5-30.0) at baseline to 21.5 (18.0-23.3) and 23.0 (21.0-26.3) at recruitment (p <0.001) and pronation (p =0.004).

In the anterior lung regions, the regional LUS were 1.8 (1.1-2.0) following recruitment and 2.0 (1.6-2.2) in the supine
(p=0.008) and 2.0 (1.8-2.3) in prone position (p =0.023). Regional LUS diminished from 2.3 (2.0-2.5) in supine to

2.0 (1.8-2.0) with recruitment in the lateral lung zones (p =0.036). Finally, in the posterior lung units, regional LUS
improved from 2.5 (2.3-2.8) in supine to 2.3 (1.8-2.5) through recruitment (p=0.003) and 1.8 (1.3-2.2) with pronation
(p<0.0001).

Conclusions In our investigation, recruitment maneuver and prone positioning demonstrated an enhancement in
lung aeration when compared to supine position, as assessed by bedside lung ultrasound.

Trial registration: www.clinicaltrials.gov, Number NCT05209477, prospectively registered and released on 01/26/2022.

Keywords Acute respiratory distress syndrome, COVID-19, Lung ultrasound

Gianmaria Cammarota and Andrea Bruni equally contributed to this work

*Correspondence:

Gianmaria Cammarota

gmcamma@gmail.com

Full list of author information is available at the end of the article

. ©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
@ Sprlnger O pe n permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
— original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.


http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13089-023-00306-9&domain=pdf
http://www.clinicaltrials.gov

Cammarota et al. The Ultrasound Journal (2023) 15:3

Introduction

In coronavirus 2019 disease (COVID-19) patients under-
going invasive mechanical ventilation (IMV), prone posi-
tioning has been adopted as a rescue therapy to improve
oxygenation [1]. In conventional acute respiratory dis-
tress syndrome (ARDS) switching from supine to prone
position allows the achievement of a more homogenous
gas-to-tissue ratio distribution across the lung by releas-
ing the dorsal atelectasis at expense of the ventral zones
[2]. However, lung collapse redistribution is a phenom-
enon mainly observed in early ARDS [3, 4]. As recently
described in COVID-19 ARDS, the extent of atelectasis
redistribution is strongly related to the amount of con-
solidated tissue present in the dorsal lung regions [5].
Thus, the response to the prone position and recruitment
maneuver relies on the extent of consolidation present in
the posterior lungs, which is increased in the advanced
stages of the disease [5, 6]. In intubated COVID-19
ARDS patients, the assessment of the lung reaeration
secondary to prone position and recruitment maneuver
has been commonly evaluated through computer-tomog-
raphy (CT) scans [5, 7]. In COVID-19 ARDS, lung ultra-
sound has been recommended as a lung monitoring tool
during IMV [8]. In conventional and COVID-19 ARDS,
the lung ultrasound score (LUS) is a reliable tool for the
assessment of global and regional lung aeration [9-13].
Accordingly, we hypothesized that lung ultrasound could
be employed in the evaluation of lung aeration following
recruitment maneuver and prone position in intubated
patients suffering from ARDS related to COVID-19.

The primary aim of the present single-center prelimi-
nary investigation was the evaluation of lung aeration in
response to recruitment maneuver and prone position-
ing, through the use of bedside lung ultrasound.

Methods

The present analysis, registered at www.clinicaltrials.com
(NCT05209477, released on 01/26/2022), was conducted
on prospectively collected data describing the clinical
course of COVID-19 patients admitted to the ICU of
Perugia University Hospital, Italy, following the approval
by the local ethical committee (Protocol No. 3658/20).
The study was performed in line with the Helsinki Decla-
ration principles. Written informed consent was waived
due to the observational nature of the study. All patients
were treated according to the standard clinical practice
and local institutional protocol.

Enrollment

From January to May 2022, all critically ill adult patients
undergoing IMV with sedation and muscular paralysis for
ARDS related to COVID-19 and suitable for prone posi-
tioning as a rescue therapy were screened. Concurring
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with the local institutional protocol, the decision was
made to prone patients when the partial arterial oxygen
tension on inspired oxygen fraction ratio (PaO,/FiO,)
was <150 mmHg following intubation by an attending
physician [14]. Exclusion criteria included: pregnancy,
inability to obtain a complete lung ultrasound assessment
due to difficult sonographic windows, any contraindica-
tion to prone position [15], pneumothorax and pneumo-
mediastinum, chronic obstructive pulmonary disease,
any contraindication to recruitment maneuver [16],
hemodynamic instability [17], prone position application
after 3 days from IMV onset [7].

Study protocol

Enrolled patients were initially ventilated using a vol-
ume-controlled setting in the supine position (baseline)
to achieve tidal volumes of 6 to 8 ml/kg [5] of predicted
body weight. In addition, positive end-expiratory pres-
sure (PEEP) was applied in combination with an inspired
oxygen fraction (FiO,) defined by low PEEP-FiO, tables
to achieve peripheral oxygen saturations (SpO,) of
88-95% [18].

After the onset of 1 h of protective ventilation, a 2-min-
lasting recruitment maneuver was administrated in the
pressure-controlled ventilation mode (recruitment) with
a total inspiratory pressure of 35 cmH,O [5]. The PEEP
and FiO, remained as set up during baseline step and
the mechanical respiratory rate was set to 10 breaths/
min with an inspiration-to-expiration ratio of 1:1. Sub-
sequently, patients were proned whilst remaining on the
same ventilator settings as in baseline step (pronation).

Measurements

Before the study enrollment, the following demographic
and clinical data were collected: age, gender, predicted
body weight, PaO,/FiO, after intubation, comorbidities,
days spent with NIRS before intubation, infection diagno-
sis to intubation delay, hospital admission to intubation
delay, IMV duration, sequential organ failure assessment
(SOFA) score, PEEP, and FiO,. Following completion of
STEP], 2, and 1 h of prone position lung ultrasound and
arterial blood gases (ABGs) analysis were carried out
whilst also assessing respiratory system mechanics and
hemodynamic status. ABGs analysis was performed to
assess pH, PaO,, PaO,/FiO,, and partial arterial carbon
dioxide tension (PaCQO,).

Expiratory tidal volume and respiratory rate values
were obtained from the ventilator [19] at the end of each
step and respiratory system compliance along with driv-
ing pressure were computed. Vital signs were continu-
ously assessed for the whole study duration, monitoring
the SpO,, invasive arterial blood pressure, heart rate, and
ECG.
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Technical components
Lung ultrasound was performed at the bedside as pre-
viously described [20-22], using a portable ultrasound
machine equipped with both 2.0-4.0 MHz-convex and
7.5-12.0 MHz-linear probes (MylabX6, Esaote SPA,
Italy). Six quadrants for each hemithorax were scanned:
the superior and inferior parts of the anterior, lateral, and
posterior regions of the chest wall. In each region, LUS
and the corresponding aeration pattern were computed
as previously indicated [20—22]: A-line alone or in combi-
nation with less than 3 B lines (0 point—normal aeration
pattern); B lines present in less than 50% of the pleural
line (1 point—B1 aeration pattern); B lines present in
more than 50% of the pleural line (2 points—B2 aeration
pattern); total loss of aeration suggestive for lung consoli-
dation (3 points—C aeration pattern). Accordingly, global
and regional LUS were computed. The global LUS was
defined as the sum of the scores obtained in the 12 sono-
graphic lung regions and varied from a minimum of 0
(normal aeration pattern) to a maximum of 36 (complete
loss of aeration) [20-22]. The regional LUS was com-
puted for the anterior, lateral, and posterior regions of
interest as well as the superior and inferior regions [20].
The regional LUS corresponded to the mean score of all
pertaining intercostal spaces of each region and ranged
from a minimum of 0 points to a maximum of 3 points.
The ultrasonography assessors were not involved in
patients’ care. In addition, ultrasonographic and clinical
data were independently gathered and stored by a data
collector, not involved in the ultrasound assessment and
patients’ care.

Statistical analysis

According to previous findings [19], to observe a reduc-
tion of LUS from 2243 in supine position to 20+4.9
in prone position, a total sample size of 20 subjects was
computed (Type I error rate of 0.05 and a Type II error
rate of 0.20, 80% power).

Continuous variables were described as median and
25th—75th interquartile range. The comparison between
all the study steps was performed by Friedman’s test for
nonparametric repeated measures and Post Hoc test
with Bonferroni’s correction. To assess the effects of ven-
tilatory strategy (supine, recruitment, prone) and lung
region of interest (anterior, lateral, and posterior—supe-
rior and inferior) on the dependent variable, a general-
ized mixed model analysis with Satterthwaite methods
for degrees of freedom and Post Hoc test with Bonfer-
roni’s correction were employed. A generalized linear
mixed model (GLMM) was estimated on the observed
data. The graphical representation of the GLMM pre-
dicted values of PaO,/FiO, according to LUS has been
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reported together with the 95% confidence bounds. Two-
tailed tests were applied for hypothesis testing and sta-
tistical significance was considered for p values<0.05.
Statistical analyses were carried out through R3.5.2 soft-
ware (The R Foundation).

Results

From January to May 2022, 26 critically ill adult COVID-
19 patients undergoing IMV and prone positioning were
screened of whom 20 were enrolled and analyzed (Fig. 1).
The baseline clinical characteristics of the study popula-
tion are reported in Table 1. Three patients received 1
pronation attempt before the study day.

Respiratory mechanics, ABGs, and hemodynamics
are presented in Table 2. As expected, the application
of a recruitment maneuver increased the driving pres-
sure, plateau pressure, and tidal volume with respect
to supine and prone position (p<0.001 for all compari-
sons), whereas no modifications were observed in the
respiratory system compliance. Mechanical respira-
tory rate diminished with recruitment maneuver com-
pared to the supine and prone position (p<0.001 for all
comparisons), as per study protocol. PaO,/FiO, values
progressively improved switching from supine to recruit-
ment (p=0.022) and from recruitment to prone position
(»p=0.008), where PaO,/FiO, was higher compared to
supine (p<0.001), respectively. PaCO, and pH reduced
with recruitment maneuver and prone positioning com-
pared to supine (PaCO,: p<0.001 and p=0.010; pH:
p<0.001 and p=0.013). Hemodynamics did not change
across all the study steps.

Table 3 describes LUS. Global LUS diminished with
recruitment maneuver and prone position with respect
to supine (p<0.001 and p=0.004). Moreover, recruit-
ment maneuver caused a greater improvement in global
LUS compared to prone position (p=0.002). In the
generalized mixed model analysis, LUS was not dissim-
ilar when the interaction between intervention (supine,
recruitment, prone), lung region (anterior, lateral, pos-
terior—superior, inferior), and body side (left, right) was
considered. Figure 2 depicts the regional LUS accord-
ing to the generalized mixed model analysis based on
interaction amongst the intervention and lung regions
of interest regardless of the body side. As depicted in
Fig. 2 A, recruitment maneuver reduced regional LUS
with respect to supine (p =0.008) and prone position
(p=0.023) in anterior lung regions, as well as to supine,
in lateral lung regions (p=0.036). In the posterior
regions, regional LUS progressively decreased switch-
ing from supine to recruitment maneuver (p=0.003)
and from recruitment to prone position (p<0.0001),
where regional LUS was lower than in the supine posi-
tion (p=0.002). Moreover, regional LUS was higher
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26 COVID-19 patients admitted to the ICU
from January to May 2022 requiring
intubation and prone position were screened

6 patients were excluded because of:

e COPD (3)
e Unavailability of ultrasound operators (1)
*  Hemodynamic instability (2)

20 patients were enrolled and finally

analyzed.

Fig. 1 Enroliment flow diagram. COVID-19, disease related to coronavirus 2019; COPD, chronic obstructive pulmonary disease

Table 1 Baseline clinical characteristics of the study population

for the supine compared to the recruitment maneuver
and prone for both superior (vs recruitment p <0.001;

Variable Study population vs prone p =0.024) and inferior lung regions (p <0.0001

for all comparisons). The aeration pattern distribu-
N 20 tion across all study steps is represented in Fig. 3.
Male (%) % In the anterior lung regions, recruitment maneuver
Age (years) 69.0 (63.0-74.3)

Body mass index (kg/mz)
Predicted body weight (kg)

(
27.2(26.0-33.2)
70.6 (69.5-74.3)

induced an increase in Bl pattern as well as a reduc-
tion in B2 pattern when compared to supine (p =0.039
and p=0.022). The same lung regions showed a wors-

Infection diagnosis to intubation delay (days) 10.0(9.0-13.0) ening C pattern moving from recruitment to prone

Hospital admission to intubation delay (days) 4.0(2.0-7.0) position (p =0.030). In the lateral lung regions, recruit-

NIRS pre-intubation (days) 25(18-53) ment improved the C pattern with respect to supine

IMV duration pre-enrolment (days) 10(00-20) (p=0.020). Finally, in the posterior lung regions, the

Sequential organ failure assessment score 55 (4.0-85) Bl pattern was more pronounced in the prone posi-

PaO,/FiO, post-intubation (mmHg) 770 (678-98.0) tion compared to supine (p<0.001) and recruitment

PEEP at enrollment 10.0(10.0-120) (p=0.004), whereas the C pattern diminished with

FiO, at enroliment 0.7(0.7-08) recruitment and prone position with respect to supine

Pronation attempts (N) 0.0(0.0-0.0) (p=0.016 and p =0.033).

Comorbidities The trends of predicted PaO,/FiO, at varying global
Arterial hypertension (%) 85 LUS in response to supine, recruitment, and prone
Chronic heart disease (%) 20 position are displayed in Fig. 4. Overall, predicted
Diabetes (%) 30 PaO,/FiO, values reduced with the rise of global LUS
Chronic kidney failure (%) 10 regardless of the study conditions (p =0.010). However,

Data are presented as percentage or median and 25-75th percentile.

NIRS non-invasive respiratory support, IMV invasive mechanical ventilation,

PaO/FiO, partial arterial oxygen tension on inspired oxygen fraction ratio, PEEP

positive end-expiratory pressure

predicted PaO,/FiO, was higher in the prone position
compared to supine and recruitment (p <0.001 for all
comparisons).
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Table 2 Respiratory mechanics, arterial blood gases, and hemodynamics

Parameters Supine (n.20) Recruitment (n.20) Prone (n.20) P value

Respiratory mechanics
Respiratory system compliance (ml/cmH,0) 38.5(28.5-48.0) 32.0(27.0-45.0) 37.0(31.0-48.5) 0377
Respiratory system driving pressure (cmH,0) .0(10.0-16.0) 25.0 (23.0-25.0)° 13.5(9.8-1 6.0)b <0.001
Plateau pressure (cmH,0) 24.0 (20.0-27.0) 35.0 (35.0-35.0)° 240 (21.0-263)° <0.001
Tidal volume (ml/kg) .7 (64-7.0) 2(9.5-14.9)° 6 (6.1-6.9)° <0.001
Mechanical respiratory rate (breaths/min) 22.0(20.0-24.3) 10.0 (10.0-10.0)* (20,0—24.3)b <0.001

Arterial blood gases
PaO,/FiO, (mmHg) 111.0 (80.3-139.0) 114.0 (95.5-189.0) 156.0 (139.0-204.0)? 4 <0.001
PaCO, (mmHg) 57.0 (44.0-68.3) 51.0 (43.5-56.0)° 50.5 (42.8-61.0)° <0.001
pH 7.36 (7.28-7.39) 739 (7.34-744)° 737 (7.31-7.43) <0.001

Hemodynamics
Mean arterial pressure (mmHg) 88.0 (74.0-93.3) 80.0 (72.5-87.0) 82.5(79.8-88.5) 0.264
Heart rate (beats/min) 81.5 (60.0-101.0) 77.5(60.8-104.0) 81.5(68.5-101.0) 0499

Data are presented as median and 25th-75th percentile

PaO,/FiO, partial arterial oxygen tension on inspired oxygen fraction ratio, PaCO, partial arterial carbon dioxide tension

2 vs supine, p<0.001

b ys recruitment, p<0.001

€vs supine, p=0.022

dvs recruitment, p=0.008

€ vs supine, p=0.010

fvs supine, p=0.013

Table 3 Lung ultrasound

Parameters Supine (n.20) Recruitment (n.20) Prone (n.20) P value

Global lung ultrasound score 26.5 (23.5-30.0) 21.5(18.0-23.3)° 23.0 (21.0-26.3)5¢ <0.001

Lung ultrasound score 0.726

Right lung
Antero-superior region
Antero-inferior region
Latero-superior region
Latero-inferior region

Postero-superior region

Postero-inferior region
Left lung

Antero-superior region

Antero-inferior region

Latero-superior region

Latero-inferior region

Postero-superior region

Postero-inferior region

0(1.0-2.0)
0(2.0-2.0)
0(2.0-20)
0(2.0-23)
0(2.0-3.0)
0(2.8-3.0)

0(1.5-2.0)
0(2.0-2.0)
0(2.0-2.0)
2.0(2.0-3.0)
0(2.0-3.0)
0(2.0-3.0)

.0(1.0-2.0)
0(1.0-2.0)
0(1.0-2.0)
0(2.0-23)
0(2.0-20)
.0(2.0-3.0)

0(1.0-2.0)
0(1.5-2.0)
20(2.0-20)
2.0(2.0-20)
0(2.0-3.0)
( )

0(2.0-3.0

(

(

(
20(20-20)

(

(

(

(

(
20(20-20

(

(

0(2.0-2.0)
0(2.0-3.0)
0(2.0-2.0)

0(1.0-2.0)
0(1.0-2.0)

0(1.0-2.0
0(2.0-2.0
0(2.0-20

0(1.0-2.0

)
)
)
)
)
0(1.0-2.0)

Data are presented as median an 25th-75th percentile

2 vs supine, p<0.001
b ys recruitment, p=0.002

vs supine, p=0.004
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Fig. 2 Regional lung ultrasound score. A Regional ultrasound score for anterior, lateral, and posterior regions of interest regardless of body side.
Data are present as boxes (median and 25th-75th percentile) and whiskers (minimum to maximum) for anterior, lateral, and posterior regions of
interest at supine, recruitment, and prone position. * vs supine, p =0.008; T vs recruitment, p 0.023; $ vs supine. p=0.036; ** vs supine, p=0.003; t1
vs supine, p <0.0001; $+ vs recruitment, p=0.002. B Regional ultrasound score for superior and inferior regions of interest regardless of the body
side. Data are present as boxes (median and 25th-75th percentile) and whiskers (minimum to maximum) for superior and inferior regions of interest
at supine, recruitment, and prone position. * vs supine, p <0.001; T vs supine, p 0.024;  vs supine, p <0.0001

Discussion

The main findings of the present single-center pre-
liminary investigation can be summarized as follows:
(1) overall, recruitment maneuver and prone position
improved global and regional LUS; (2) Recruitment
maneuver led to improved regional lung aeration pat-
terns in most of the sonographic regions of interest, by
increasing B1 pattern in anterior regions and reducing C
pattern in lateral and posterior regions; (3) Despite wors-
ening in lung aeration in anterior lung regions, the prone

position enhanced regional lung aeration pattern in the
posterior lung units by increasing B1 pattern and dimin-
ishing C pattern.

The variability of the response to recruitment and
prone position is high in COVID-19 patients, despite
the same degree of hypoxemia [5, 7, 23]. As recently
reported [5], in the early stages of COVID-19 ARDS,
a 35-cmH,O-recruitment maneuver was usefully
employed to reduce the atelectatic lung tissue distribu-
tion compared to 5-cmH,O-ventilation in the supine



Cammarota et al. The Ultrasound Journal (2023) 15:3 Page 7 of 10
HC
I B2
1 B1
[ Normal
Anterior Lateral Posterior
100 o
1 i
N J
T
50 o
1 Tt
| * i1
6 il B el L 1
1 1 L]

] 1 L]
Supine Recruitment Prone

Supine Recruitment Prone

Supine Recruitment Prone

Fig. 3 Regional aeration pattern. Regional aeration pattern for anterior, lateral, and posterior regions of interest regardless of the body side. Aeration
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(lung ultrasound score 1—Ilight grey); B2 aeration pattern (lung ultrasound score 2—dark grey); C aeration pattern (lung ultrasound score 3—
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position. In addition, a more homogeneous gas-to-tis-
sue ratio was achieved by prone positioning compared
to supine owing to the re-expansion of the dorsal lung
units at the expense of ventral atelectasis [5, 7]. This
response can be altered depending on the superim-
posed pressure gradient across the lung [24], the shape
of the lung and the chest wall, the compression of the
lung by the abdomen and heart, the compliance of the
non-dependent and dependent chest wall, and the ver-
tical distribution of the lung mass.

In keeping with previous findings [5], however, the
effects exerted on atelectasis by recruitment maneuver
and prone position are strongly related to lung disease
history. Undeniably, significant lung consolidation and
fibrotic changes are observed in the advanced stages of
COVD-19 ARDS, reducing the recruitability of lung tis-
sue through maneuvers, when compared to early phases
of the disease.

In our COVID-19 patients’ cohort, we observed that
recruitment maneuver exerted its effects by improving
aeration in the anterior, lateral, and posterior regions of
the lungs. In turn, the prone position enhanced the pos-
terior lung aeration at the expense of the anterior lung
regions, where atelectasis was increased, probably as a

consequence of increased superimposed pressure as pre-
viously described [5, 7].

The response in oxygenation to recruitment maneuver
and prone position is attributable to the balance of lung
recruitment/de-recruitment and the modifications of
lung perfusion. In particular, the variations in oxygena-
tion following a 35-cmH,O recruitment maneuver will
be reliant on the balance between the perfusion of the
re-expanded lung units and the degree of diverted blood
flow to the consolidated lung zones [5]. In the prone posi-
tion, the gravitational blood flow diversion to the ventral
atelectatic regions counterbalances the oxygenations
alterations induced by alveolar recruitment [5]. Further-
more, the pulmonary perfusion distribution is variously
affected by COVID-19 [25, 26].

In our series, recruitment maneuver and prone posi-
tion improved overall oxygenation as described by PaO,/
FiO, modifications observed. In addition, contrary to
previous findings [5, 7], we observed a reduction of
PaCO, with recruitment maneuver and prone position
compared to supine. During the interpretation of our
results, it is worth considering the history of the disease
with the consequent implications on the lung recruitabil-
ity, and NIRS duration before intubation. Undoubtedly,
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our population was studied at an earlier stage of the dis-
ease and with fewer days spent on NIRS than elsewhere
described [5]. Thus, our cohort of COVID-19 patients
might have experienced less patients-self-induced lung
injury. In addition, the median PEEP of 10 cmH,O set in
our study according to low PEEP-FiO, tables was differ-
ent with respect to previous investigations [5, 7]. Thus,
it is presumed that our approach was more consider-
ate of the disease and lung recruitability, as previously
observed in conventional ARDS [27], compared to a fixed
5-cmH,O-PEEP strategy [5] or a PEEP chosen at the dis-
cretion of the attending physician [7].

The strength of the present paper consists in highlight-
ing the usefulness of lung ultrasound to assess lung aera-
tion modifications in response to recruitment maneuver
and prone position, at the patient’s bedside in early ARDS
related to COVID-19. In the context of a pandemic,
where work overload and infection control restrictions
may not allow for the easy attainment of advanced radi-
ological investigations, such as computer-tomography
scans; this is extremely relevant.

The present investigation has several limitations as
discussed in the following paragraph. This study was
a single-center investigation. Although the computed

sample size was based on PaO,/FiO, modifications
switching from supine to prone position, it was suitable
to describe the lung ultrasound changes across all study
steps. In interpreting our data, it is worth to consider
the difference between conventional ARDS and COVID-
19-related ARDS in terms of uncoupling between clini-
cal presentation and anatomical characteristics of the
lung due to the involvement of lung perfusion mainly at
an early stage [28]. The cohort population of this study
was not standardized for the COVID-19 ARDS phe-
notype or disease history. In addition, patients of this
cohort study may have undergone one to two pronation
attempts before the study enrollment. As a consequence,
the response to maneuvers performed during the study
might be affected by previous pronation attempts. We
employed quantitative lung ultrasound to assess the lung
aeration in our patients’ population. This tool has dem-
onstrated a good diagnostic accuracy for COVID-19
pneumonia when compared to CT scan [13]. However,
LUS has been introduced in pre-COVID-19 era for quan-
tification of lung aeration. Thus, the irregular distribution
of the interstitial involvement and consolidation alternat-
ing with spared areas at lung sonographic examination
may raise several concerns on the accuracy of the LUS
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in assessing pulmonary aeration in COVID-19-related
ARDS [29]. In addition, a new LUS examination relying
on the evaluation of the pulmonary lesion extension and
not the degree of lung aeration may be usefully employed
to follow the progression of COVID-19 disease and per-
sonalize the treatments [29, 30].

In our series, we did not evaluate lung aeration and
perfusion with computer-tomography scans or advanced
respiratory monitoring tools, such as using electrical
impedance tomography. Accordingly, we were not able to
provide data and draw any conclusion about global and
regional lung overdistension as well as lung perfusion
modifications occurring at any time during the study.
Due to it being a single-center analysis, further multi-
center trials are required.

Conclusions

In our single-center preliminary observational study, as
assessed through bedside lung ultrasound, recruitment
maneuver improved lung aeration in the most of lung
regions evaluated, whereas prone position enhanced the
posterior lung regions’ aeration at the expense of the
anterior lung regions.
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