e
O
-
@)
/p)
-
C
®
=
O
D
e
O
)
@)
O
<
)
| -
[
@
=
O
0p)
D
o

RE/PIRATORY

CARE.

Research Article | Original Research

Quantitative CT scan and response to
pronation in COVID-19 ARDS

https://doi.org/10.4187/respcare.11625

Cite as: RESPCARE 2024; 10.4187/respcare.11625

Received: 6 October 2023
Accepted: 8 March 2024

This Fast Track article has been peer-reviewed and accepted, but has not been through
the composition and copyediting processes. The final version may differ slightly in style or
formatting and will contain links to any supplemental data.

Alerts: Sign up at rc.rcjournal.com/alerts to receive customized email alerts when the fully
formatted version of this article is published.



e
O
-
@)
/p)
-
C
®
=
O
D
e
O
)
@)
O
<
)
| -
[
@
=
O
0p)
D
o

Respiratory Care Page 2 of 40

Quantitative CT scan and response to pronation in COVID-19 ARDS
Francesco Zadek, MD!, Luca Berta, PhD?, Giulia Zorzi, MSc??, Stefania Ubiali, MD*, Amos
Bonaiuti, MD!, Giulia Tundo, MD!, Beatrice Brunoni, MD!, Francesco Marrazzo, MD?>,
Riccardo Giudici, MD?, Anna Rossi, MD?, Francesco Rizzetto, MDS, Davide Paolo Bernasconi,
PhD7, Angelo Vanzulli, MD®3, Paola Enrica Colombo, PhD?, Roberto Fumagalli, MD'>,

Alberto Torresin, PhD?, Thomas Langer, MD!3,

"Department of Medicine and Surgery, University of Milan-Bicocca, Monza, Italy

2Department of Medical Physics, ASST Grande Ospedale Metropolitano Niguarda, Milan, Italy
3Department of Physics, INFN Milan Unit, Milan, Italy

4Department of Pathophysiology and Transplantation, University of Milan, Milan, Italy
SDepartment of Anesthesia and Intensive Care Medicine, Niguarda Ca’ Granda, Milan, Italy.
®Department of Radiology, ASST Grande Ospedale Metropolitano Niguarda, Milan, Italy.

’School of Medicine and Surgery, Bicocca Bioinformatics Biostatistics and Bioimaging Center -
B4, University of Milano-Bicocca, Monza, Italy

8Department of Oncology and Hemato-Oncology, Universita degli Studi di Milano, Milan, Italy.

Name and location of the institution where the study was performed

Department of Anesthesia and Critical Care, Department of Medical Physics, ASST Grande
Ospedale Metropolitano Niguarda, Piazza Ospedale Maggiore 3, 20162, Milan, Italy

Conflict of interest and financial support

None of the authors has any conflicts of interest to declare. There was also no specific funding
for the research and no specific grants received from any funding agency in the public,

commercial, or not-for-profit domains.



e
O
-
@)
/p)
-
C
®
=
O
D
e
O
)
@)
O
<
)
| -
[
@
=
O
0p)
D
o

Page 3 of 40

Respiratory Care

Zadek et al., Page 2

Author Contributions

Literature search: FZ, LB, GZ, BB, TL, AT; Data collection: FZ, LB, GZ, SU, AB, GT, BB, FM,
RG, AR, TL; Study design: FZ, LB, GZ, FR, AV, PEC, AT, RF, TL; Analysis of data: FZ, LB,
GZ, FR, RG, AR, DPB, AV, PEC, TL, AT; Manuscript preparation: FZ, LB, GZ, FM, AV, AT,
RF, TL; Review of manuscript: All authors reviewed the manuscript and approved the final

submitted version.

Acknowledgments

The authors are deeply grateful to all the physicians and nurses of the COVID-19 Intensive Care

Units of the Niguarda Hospital.

Corresponding

Thomas Langer, MD; Department of Medicine and Surgery, University of Milan-Bicocca,
Monza, Italy; Department of Anesthesia and Intensive Care Medicine, Niguarda Ca' Granda,

Milan, Italy, Italy. Tel. +39 02 64448580; email: Thomas.Langer@unimib.it




e
O
-
@)
/p)
-
C
®
=
O
D
e
O
)
@)
O
<
)
| -
[
@
=
O
0p)
D
o

Respiratory Care

Zadek et al., Page 3

Abstract

Background: The use of the prone position (PP) has been widespread during the COVID-19
pandemic. While it has demonstrated benefits, including improved oxygenation and lung aeration,
the factors influencing the response in terms of gas exchange to PP remain unclear. In particular,
the association between baseline quantitative Computed Tomography (qCT) scan results and gas
exchange response to PP in intubated, mechanically ventilated subjects with COVID-19 ARDS is
unknown. The present study aimed to compare baseline qCT results between subjects responding

to PP in terms of oxygenation or carbon dioxide (CO,) clearance and those who did not.

Methods: This was a single-center, retrospective observational study, including critically ill,
intubated, mechanically ventilated subjects with COVID-19 related acute respiratory distress
syndrome admitted to the ICUs of Niguarda Hospital between March 2020 and November 2021.
Blood-gas samples were collected before and after PP. Subjects in whom the PaO,/FiO, increase
was > 20 mmHg after PP were defined as Oxygen responders (Oxy-R). CO,-responders (CO,R)
were defined when the ventilatory ratio (VR) decreased during PP. Automated qCT analyses were

performed to obtain tissue mass and density of the lungs.

Results: One hundred twenty-five subjects were enrolled, of which 116 (93%) were Oxy-R and
51 (41%) COzR. No difference in qCT characteristics and oxygen were observed between Oxy-R
and Oxygen Non Responders (Tissue mass 1532 £396 vs. 1654 £304 g, p= .28; density -544+109
vs. -562+58 HU, p= .42). Similar findings were observed when dividing the population according
to CO; response (Tissue mass 1551+412 vs. 1534+377 g, p= .89; density -545+123 vs. -546+£94

HU, p=.99).

Page 4 of 40
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Conclusions: Most COVID-19 related ARDS subjects improve their oxygenation at the first
pronation cycle. The study suggests that baseline qCT scan data are not associated with the
response to PP in oxygenation or CO, in mechanically ventilated COVID-19 related ARDS

subjects.

Keywords: Computed Tomography Scanner, Quantitative CT scan analysis, Prone position,
COVID-19 ARDS, Coronavirus Severe Acute Respiratory Syndrome, Pulmonary Gas Exchange,

Lung compliance, Ventilation-Perfusion Scan
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Introduction

Prone position (PP) has been extensively used during the COVID-19 pandemic in intubated,
mechanically ventilated subjects!. The benefits reported from the use of this position in “classic”
acute respiratory distress syndrome (ARDS) were also confirmed in COVID-19 associated
ARDS?. This strategy, requiring highly trained personnel and not devoid of possible
complications 3=, has thus been included in the guidelines for the treatment of moderate and
severe COVID-19 associated ARDS®. Indeed, while results from randomized controlled trials in
this specific population are lacking, placing subjects with COVID-19 associated ARDS in PP
decreases alveolar collapse, hyperinflation, and improves the homogeneity of lung aeration and
ventilation>’. Moreover, while not the primary target of PP, several studies reported a variable
(i.e., between 30 and 80%) improvement in oxygenation during PP of mechanically ventilated
subjects with COVID-19 associated ARDS!2. However, it is currently unknown which factors
contribute to, and how to predict the response in terms of oxygenation in subjects with ARDS

placed in PP.

Chest Computed Tomography (CT) was broadly used in COVID-19 subjects to facilitate
diagnosis and quantify the degree of disease extension®°. Several radiological patterns could be
observed at different times throughout the disease course, showing diffuse lung alterations
ranging from ground-glass opacities to parenchymal consolidations'®!!. In addition, the
quantitative CT (qCT) results, cornerstones for the understanding of classic ARDS!?, have been
analyzed to investigate the pathophysiology of COVID-19 associated ARDS and the lung
response to PP in selected groups of subjects®!3. Previous studies have suggested that in supine
position, the amount of non-aerated lung tissue in the dependent lung regions was associated

with more recruitable lung volume when PP was used!#'°, and recently, a relationship between

Page 6 of 40
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the dorsal non-aerated tissue quantified at the CT scan and the gas exchange response to PP was
recorded in classical ARDS'’. These studies, however, did not focus on the association between

qCT results and the oxygenation response to PP in COVID-19 related ARDS subjects.

Recently, Raimondi ef al.!® studied awake, non-invasively ventilated COVID-19 subjects and
were not able to find any association between the distribution of CT lung lesions and the

response in oxygenation to PP.

Information regarding the association of baseline qCT results and the response to PP in
intubated, mechanically ventilated subjects with COVID-19 associated ARDS is currently
lacking. We hypothesized that the qCT results of scans performed prior to the first PP would
differ significantly between responders and non-responders in terms of oxygenation and carbon

dioxide (CO,) clearance. The present retrospective study was conducted to test this hypothesis.
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Methods

Study design

This was a single-center, retrospective, observational study performed at the Grande Ospedale
Metropolitano Niguarda in Milan, Italy. The retrospective access to clinical data was approved
by the ethical committee Milano Area B (approval number: 593-06102020), and the need for
informed consent from individual subjects was waived.

All subjects admitted between March 1%, 2020, and November 30, 2021, to the COVID-
19 ICUs were screened for eligibility. Inclusion criteria were as follows: (i) age above 18 years;
(i1) laboratory-confirmed SARS-CoV-2 infection; (iii) ARDS diagnosis according to Berlin
criteria at ICU admission!?; (iv) tracheal intubation and invasive mechanical ventilation; (v) use
of prone position; (vi) performance of a chest CT scan within the 72 hours prior the first PP.
Exclusion criteria were: (i) missing clinical data regarding blood gas analysis performed during
the first prone position cycle. Intubated subjects with COVID-19 related ARDS were maintained
sedated and paralyzed. Subjects were ventilated using a lung protective ventilatory strategy: low
tidal volume (TV 6-8 ml/Predicted Body Weight), medium-high levels (8-12 cmH,0) of PEEP,
respiratory rate between 15-25 breaths per minute, maintaining a plateau pressure below 28
c¢cmH,0 and a driving pressure below 12 cmH,0, with a target SpO, of 92-95%. A PaO,/FiO,
ratio below 100 was used as a criterion for prone position.?°
Clinical management, including the decision to use PP and perform a chest CT scan, was at the
discretion of the attending physicians. The final date of follow-up for subject outcomes was July
14t 2022. For study purposes linked to the regional research network?!, an extensive set of
information was prospectively recorded from the day of ICU admission on an electronic report

form (REDCap electronic data capture tools). This information included anthropometric and
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clinical data, severity scores, vital signs, laboratory tests, radiological information, ICU and

hospital length of stay (LOS), ICU and hospital survival.

To assess the physiologic effects of pronation, subjects’ ventilatory settings were
prospectively recorded at three different time points: (i) within two hours before the pronation
(Baseline); (ii) during the last four hours of the pronation cycle (Prone); (iii) within 2 to 5 hours
after turning the subjects back to the supine position (Supine). At each time point, end-
inspiratory and end-expiratory airway occlusion maneuvers were performed to calculate driving
pressure and respiratory system compliance??. At the same time points, arterial blood gases were

drawn to calculate the PaO,/FiO; ratio and the ventilatory ratio (VR)?>%3,

Definitions

Subjects were defined as “oxygen responders” (Oxy-R) to PP according to two different
definitions previously applied in the literature: i) the PaO,/FiO; ratio increased by> 20 mmHg
during prone ventilation as compared to baseline values in supine position'. Similarly, “oxygen
non-responder” (Oxy-NR) were defined as those subjects in whom this condition was not
satisfied. ii)) The median PaO,/FiO, ratio increase observed during prone ventilation was used as
cut-off, defining Oxy-R subjects with a PaO,/FiO, ratio above the median value and Oxy-NR
when below?4. The change in the ventilatory ratio was used to define the response in terms of
CO; clearance. Subjects were defined as CO,-responder (CO,R) when the VR decreased during
pronation as compared to supine, while CO,-non-responder (CO,NR) when the VR increased or

did not change.



e
O
-
@)
/p)
-
C
®
=
O
D
e
O
)
@)
O
<
)
| -
[
@
=
O
0p)
D
o

Respiratory Care

Zadek et al., Page 9

CT scan acquisition and image analysis

All CT images were acquired on 4 scanners of a single vendor (Siemens AG, Forchheim,
Germany) and with the same acquisition protocol for chest examinations, employing an
automatic exposure control (AEC) and an automatic selection of the tube voltage and “sharp”

reconstruction algorithm.

All CT series were exported from the Picture Archive Communication System (PACS) to a
dedicated workstation for automatic image analysis. A dedicated processing software developed
in Python language was used, as previously described 2°-27. Briefly, (i) the pipeline rescales CT
images to a slice thickness of 3 mm; (ii) performs, for each slice, automatic segmentation of the
left and right lungs; and (iii) calculates the relative distribution of Hounsfield Units (HU) of the

segmented regions of interest.

In this work, the following metrics were considered: volume (Vune [ml]), Hounsfield Unit related
to the lung density (p [HU]) and mass (m [g]). The volume and the density were calculated,
respectively, as the number of voxels multiplied by the physical voxel dimension and their
average HU value of the selected region of interest. The mass was calculated using the following

formula:

Lung tissue mass = p * Viyng * (1000 — HU) /1000

For each CT image, all these metrics were calculated for both lungs, obtained as the sum of the
segmentations of the right and left lungs, and in 4 different density regions according to classical
aeration thresholds '?: hyperinflated lung [-1000:-900] HU, well-aerated lung [-900:-500] HU,

poorly aerated lung [-500:-100] HU and non-aerated lung [-100:+100] HU?8,

Page 10 of 40
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Furthermore, a geometric subdivision of the entire (both lungs) region of interest was performed.
The masks were divided into ten different regions equally spaced along the sterno-vertebral axis

and for each sub-region, the previous metrics were calculated.

Statistical analysis

No sample size calculation was performed a priori, and the sample size is equal to the
number of subjects treated in our hospital during the study period. Comparison between
continuous variables was performed via Student’s t-test using Welsh’s correction for
unequal variance, Mann-Whitney Rank Sum Test, ANOVA, or Kruskal Wallis test, as
appropriate. Differences between categorical variables were assessed using the Chi-Square
or Fisher exact test. The continuous relationship between quantitative variables was
investigated using linear regression. Data was expressed as mean + standard deviation or
median and interquartile range. Statistical significance was defined as p <.050. Analyses
were performed with Stata statistical software (Stata, Statistical Software: Release 16.
StataCorp LLC, College Station, TX), and graphs were drawn using SigmaPlot v.12.0

(Systat Software, San Jose, CA). The STROBE checklist for observational studies was used.
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Results

During the study period, 466 COVID-19 subjects were admitted to the ICU (Figure 1).
One hundred twenty-five subjects, with a median SAPS 1II score at ICU admission of 38 [33, 43]

were enrolled in the study. Baseline demographic characteristics are summarized in Table 1.

Oxygen response to pronation and quantitative CT scan parameters

According to the PaO,/FiO, ratio increased by> 20 mmHg definition, 116 subjects (93%) were
Oxy-R, while 9 (7%) were Oxy-NR. Oxy-R had a higher BMI (p =.009) and prevalence of
hypertension (p = .001) compared to Oxy-NR. The use of non-invasive respiratory support prior
to intubation (72% vs. 100%, p = .063), its duration (1 [0, 3] vs. 1 [1, 4] days, p =.08), and the
use of awake PP prior to intubation (37% vs. 44% p =.44) were similar between Oxy-R and Oxy-
NR. No difference in ARDS severity, ventilatory settings, and blood gas parameters were
recorded (Table 2).

Oxy-R were characterized by higher baseline compliance of the respiratory system (42 + 11 vs.
32 £ 5 ml/cmH,0, p =<.001). The length of the first pronation performed in the ICU was similar
in Oxy-R and Oxy-NR (21 [18, 24] vs. 24 [22, 32] hours, p = .08).

During the first PP, Oxy-R improved, as per the definition, the PaO,/FiO, ratio. Moreover,
arterial pH and respiratory system compliance increased, while the VR did not change
significantly. On the contrary, the PaO,/FiO; ratio did not change in Oxy-NR, while PaCO,
increased in prone position from 48 + 10 to 59 + 15 mmHg (p=.011). Consequently, the VR and
pH worsened significantly in prone position in this subgroup of subjects (Figure 2).

Clinical outcomes divided by Oxy-R and Oxy-NR are summarized in Table 3. During the ICU

stay, subjects received 4 [2, 6] cycles of pronation for a total amount of 80 [46, 146] hours spent
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in PP. No differences in ICU length of stay (p =.94) and survival (p =.52) were found between

the two groups.

The bilateral qCT scan analysis did not reveal any difference both in mass and density of
hyperinflated, well-aerated, poorly aerated, and non-aerated lung tissue when the subjects were

divided into Oxy-R and Oxy-NR (Table 4).

Lastly, the analysis performed on 10 ventral-dorsal lung segments also did not identify any
difference between the two groups (Figure 3). For example, the amount of hyperinflated tissue
of the ventral region (3.2 + 2.9 vs. 3.6 £ 2.3 g, p=.66) and non-aerated tissue of dorsal regions

(254 £ 161 vs. 263 £ 144 g, p= .85) were similar between Oxy-R and Oxy-NR.

Similar findings were observed when subjects were divided according to the median increase in
Pa0,/FiO, ratio (87 mmHg). Results can be found in Tables S1, S2, S3, and S4 of the Online

Supplementary Material.

Carbon dioxide response to pronation

Fifty-one (41%) out of 125 subjects improved their ventilatory ratio during PP and were thus
defined as CO,-R, while the remaining 74 subjects were defined as CO,-NR. Baseline
demographic characteristics are summarized in Table S5. Before PP, CO,-R were characterized
by higher tidal volume (6.9 = 1.0 vs. 6.6 £ 0.8 ml’kg, p =.019), respiratory rate (21 £ 4 vs. 18 +
3, breath/minute, p<.001), and ventilatory ratio (1.9 = 0.5 vs. 1.5 £ 0.4, p<.001), to maintain a
similar arterial PCO, (49 + 9 vs. 46 +£ 9 mmHg, p = .09) as compared to CO, -NR (Table S6). No

differences in days of ventilation (p = .94), ICU length of stay (p = .43), or ICU mortality (p =
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.46) were found between the two groups (Table S7). Similarly, no differences in qCT results

were found between CO,-R and CO,-NR (Table 5).
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Discussion

The use of chest CT scans has permanently changed our understanding of ARDS through its
morphological assessment and quantitative analysis of density distribution!?. For these reasons,
this radiological examination is extensively used in some centers to evaluate lung structure,
disease extension, response to lung recruitment'>, and evolution of disease. In the context of the
outbreak of a novel infectious disease leading to pneumonia and respiratory failure, these
concepts were broadly applied. This allowed us to study retrospectively a large number of CT
scans of critically ill, mechanically ventilated subjects with COVID-19 related ARDS
undergoing PP. Our aim was to evaluate whether the different responses in terms of gas
exchange during the first PP were associated with different baseline qCT scan characteristics. In
the 125 subjects studied, 93% improved their oxygenation during the first PP, and 41% improved
their ventilatory ratio. No relationship was found between qCT scan parameters and both oxygen
and CO, response to PP. Similar results were observed when dividing the population according
to the median increase in PaO,/FiO, ratio.

Moreover, we confirmed that the Oxy-R were characterized by higher baseline compliance and
lower driving pressure as compared to the Oxy-NR. Of note, the time spent in PP did not differ

between the two groups.

During the COVID-19 pandemic, pronation was broadly used in mechanically ventilated
patients!-2-31, In line with previous data!, most of the studied subjects improved their
oxygenation during the first PP. In his work, Aalinezhad and colleagues identified in COVID-19
subjects a relationship between the severity of lung involvement measured at CT scan and blood
oxygenation32. Moreover, the possibility of predicting lung recruitment from a single static

baseline CT scan using a machine-learning approach has recently been described. In classic
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ARDS, lung perfusion is similar in prone and supine position, being slightly unbalanced towards
dorsal lung regions®*3. According to this characteristic, the improvement in PaO,/FiO, ratio in
PP should parallel the variation in density distribution, corresponding to an increase in well-
aerated lung tissue in the dorsal areas of the lungs. Despite these premises, in classic ARDS,
Papazian and colleagues found no correlation between baseline qCT data and PaO,/FiO, ratio
response to pronation’®. In addition, similarly to what has been observed in non-intubated
COVID-19 subjects!8, we were not able to identify a correlation between baseline qCT-scan

characteristics and PaO,/FiO, ratio response during PP.

The negative findings of these studies might have several explanations. Quantitative CT data
accurately describe lung parenchymal density, while they do not assess pulmonary perfusion.
This aspect might be of utmost importance in COVID-19 associated ARDS subjects. Indeed, this
disease is characterized by (i) impairment of hypoxic vasoconstriction leading to a marked
ventilation/perfusion mismatch37-3, and (ii) the diffuse presence of pulmonary
microthrombosis*. Since both these vascular defects can be diffused to all the lungs, irrespective
of gravitational distribution (dependent vs. non-dependent), and regardless of the parenchymal
aspect assessed with CT scan, a dissociation between aeration/ventilation and gas exchange has
been described in COVID-19 associated ARDS subjects 38, It is thus conceivable that, in addition
to the unknown potential for lung recruitment, the variable and unpredictable lung perfusion
changes further hinder the prediction of the response solely based on baseline qCT information.
In addition, the different potential involvement of pulmonary vasculature could justify the broad
spectrum of oxygen response to pronation reported in the different studies, going from 35% up to

93% 1218244142 Tnterestingly, and in line with this reasoning, in our population, no difference in
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qCT characteristics was observed between moderate and severe COVID-19 associated ARDS

subjects (Table S8).

A second possible explanation of the different responses to pronation might be the disease time
course. Indeed, despite the lack of statistical significance, the time between symptoms onset and
first pronation was longer in Oxy-NR, possibly resulting in a more severe disease stage, as
suggested by the lower respiratory system compliance. In line with this hypothesis, a decreasing
response to PP (in terms of oxygenation) has been described as a consequence of lung
consolidation toward organizing fibrotic pneumonia!34344, Regardless of this potential
explanation, no relevant differences in gas exchange, lung weight or non-aerated lung tissue

were noted between Oxy-R and Oxy-NR.
Response to pronation

In response to PP, Oxy-R increased slightly, but significantly their respiratory system
compliance, which remained higher than baseline after re-supination. The improvement of the
Pa0,/FiO, ratio paralleled respiratory compliance, except for a slight decrease after re-
supination. Notably, these variations were not mirrored by the VR, which did not change

significantly.

Fossali ef al. performed a physiological study exploring the early changes after pronation in
COVID-19 associated ARDS subjects performing CT scans both in supine and prone positions*.
They demonstrated that PP significantly decreased the weight of non-aerated and hyperinflated
lung tissue and increased the amount of normally aerated lung. Moreover, the regional response
to PP was not homogenous, as demonstrated by the remarkable recruitment in the dorsal regions

and derecruitment in the ventral. However, in our population, Oxy-R and Oxy-NR, despite
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having similar baseline amounts of hyperinflated ventral tissue and non-aerated dorsal tissue,
demonstrated markedly different responses in terms of lung mechanics and gas exchanges during
PP. Notably, also in Fossali’s work 4°, no association between the amount of ventral
derecruitment or dorsal recruitment and the oxygen response was found. Taken together, our
results and the findings of this author foster two considerations: first, in COVID-19 subjects, the
oxygen response to pronation is most likely not predictable from a static baseline CT scan;
second, the observed increase in oxygenation is possibly due mainly to the improvement of the
ventilation/perfusion matching related to a persistency of perfusion in the vertebral part of the
thorax and a reopening of the dorsal collapsed lung #6-4°, This second hypothesis is corroborated
by the study of Richter ef al.#’, who demonstrated that the oxygenation response to pronation in
ARDS patients was consequent to an improvement in ventilation /perfusion match due to the
unchanged perfusion in the dorsal part of the thorax associated with a reopening of the dorsal
collapsed lung. This mechanism, also described using the ventilation/perfusion tools of electrical
impedance tomography in classical ARDS subjects’’, was confirmed in COVID-19-associated
ARDSS152,

In Oxy-NR, no variations in respiratory compliance or PaO,/FiO, ratio were observed.
Furthermore, differently from Oxy-R, they experienced an increase in VR and PaCO, that
persisted after the re-supination. This observation points toward an increased dead space. As an
increase in hyperinflation is unlikely the underlying mechanism, we think that also in this case,

the worsening of ventilation/perfusion might be the cause.

Of note, also when dividing the population according to their response in terms of CO, clearance

(i.e., variation in VR) no difference in baseline qCT data was observed.

Page 18 of 40
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Automated CT scan segmentation

Despite the absence of association between CT scan characteristics and response to PP, CT
exams represent the gold standard for evaluating the alterations of lung parenchyma, even in the
early stages of the disease, when the subject has few or no symptoms. Moreover, it is also a
useful tool for monitoring the disease along its course!!-3,

In addition to the classical qualitative visual image interpretation, the automated and integrated
workflow of image analysis allows to extract several objective metadata quantitative information
retained in the image, such as parenchymal density and volume, and permits the definition of
lung compartments based on the different degrees of aeration !2. Although quantitative CT image
analysis could be extremely informative, some aspects need to be considered for its use in
clinical practice. In this work, an algorithm for automatic segmentation of lungs in CT images
has been employed?®, which drastically reduces analysis time and enables real-time quantitative
results through the use of dedicated in-house software. Avoiding the time-consuming task of
drawing the lung boundaries (selection of regions of interest), the physician can thus focus more

on interpreting the results of the obtained quantitative metrics.

Limitations

Several limitations have to be addressed for this study. First, due to the retrospective nature of
the study and the low numerosity of Oxy-NR, our analyses could be underpowered to identify
any difference in qCT characteristics; a controlled methodology and more homogeneous groups
may produce different results. Second, the CT scans were performed for clinical purposes and
retrospectively used for the analyses. Thus, no standardization of ventilation mode, nor

respiratory phase (e.g., inspiratory pause) was performed during CT scan acquisition. Third, no
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data regarding perfusion of the lung was available. Consequently, the pathophysiological role of
ventilation/perfusion matching in explaining oxygen and CO, responses to pronation can only be
hypothesized. Finally, the trunk inclination angle used during the respiratory mechanics

measurement was not standardized 34-5¢,

Conclusion

In conclusion, most COVID-19 related ARDS subjects improve their oxygenation at the first
pronation cycle. Our study performed on a large population of critically ill, mechanically
ventilated subjects with COVID-19 related ARDS suggests that quantitative data obtained from a
baseline CT scan are neither associated with the oxygen response, nor with the response in terms

of carbon dioxide elimination.



e
O
-
@)
/p)
-
C
®
=
O
D
e
O
)
@)
O
<
)
| -
[
@
=
O
0p)
D
o

Page 21 of 40

Respiratory Care

Zadek et al., Page 20

References

1.

Langer T, Brioni M, Guzzardella A, Carlesso E, Cabrini L, Castelli G, et al. Prone
position in intubated, mechanically ventilated patients with COVID-19: a multi-centric

study of more than 1000 patients. Crit Care 2021;25(1):1-11.

Protti A, Santini A, Pennati F, Chiurazzi C, Ferrari M, Iapichino GE, et al. Lung response
to prone positioning in mechanically-ventilated patients with COVID-19. Crit Care

2022;26(1):1-9.

Gattinoni L, Taccone P, Carlesso E, Marini JJ. Prone Position in Acute Respiratory
Distress Syndrome. Rationale, Indications, and Limits. Am J Respir Crit Care Med

2013;188(11):1286-1293.

Le MQ, Rosales R, Shapiro LT, Huang LY. The down Side of Prone Positioning: The

Case of a Coronavirus 2019 Survivor. Am J Phys Med Rehabil 2020;99(10):870-872.

Zadek F, Rubin J, Grassi L, Van Den Kroonenberg D, Larson G, Capriles M, et al.
Individualized Multimodal Physiologic Approach to Mechanical Ventilation in Patients
With Obesity and Severe Acute Respiratory Distress Syndrome Reduced Venovenous

Extracorporeal Membrane Oxygenation Utilization. Crit Care Explor 2021;3(7):e0461.

Alhazzani W, Meller MH, Arabi YM, Loeb M, Gong MN, Fan E, et al. Surviving Sepsis
Campaign: guidelines on the management of critically ill adults with Coronavirus Disease

2019 (COVID-19). Intensive Care Med 2020;46(5):854—887.

Lassola S. Pronation in acute respiratory distress syndrome (ARDS) secondary to COVID-

19. J Public Heal Emerg 2022;6(1):1-9.



e
O
-
@)
/p)
-
C
®
=
O
D
e
O
)
@)
O
<
)
| -
[
@
=
O
0p)
D
o

10.

11.

12.

13.

14.

15.

Respiratory Care Page 22 of 40

Zadek et al., Page 21

Fang Y, Zhang H, Xie J, Lin M, Ying L, Pang P, et al. Sensitivity of Chest CT for

COVID-19: Comparison to RT-PCR. Radiology 2020;296(2):E115-E117.

AiT, Yang Z, Hou H, Zhan C, Chen C, Lv W, et al. Correlation of Chest CT and RT-PCR
Testing for Coronavirus Disease 2019 (COVID-19) in China: A Report of 1014 Cases.

Radiology 2020;296(2):E32—-E40.

Shi H, Han X, Jiang N, Cao Y, Alwalid O, Gu J, et al. Radiological findings from 81
patients with COVID-19 pneumonia in Wuhan, China: a descriptive study. Lancet Infect

Dis 2020;20(4):425—-434.

Chung M, Bernheim A, Mei X, Zhang N, Huang M, Zeng X, et al. CT imaging features of

2019 novel coronavirus (2019-NCoV). Radiology 2020;295(1):202-207.

Gattinoni L, Caironi P, Pelosi P, Goodman LR. What has computed tomography taught us
about the acute respiratory distress syndrome? Am J Respir Crit Care Med

2001;164(9):1701-1711.

Rossi S, Palumbo MM, Sverzellati N, Busana M, Malchiodi L, Bresciani P, et al.
Mechanisms of oxygenation responses to proning and recruitment in COVID-19

pneumonia. Intensive Care Med 2022;48(1):56—66.

Henzler D, Mahnken AH, Wildberger JE, Rossaint R, Giinther RW, Kuhlen R. Multislice
spiral computed tomography to determine the effects of a recruitment maneuver in

experimental lung injury. Eur Radiol 2006;16(6):1351-1359.

Gattinoni L, Caironi P, Cressoni M, Chiumello D, Ranieri VM, Quintel M, et al. Lung

Recruitment in Patients with the Acute Respiratory Distress Syndrome. N Engl J Med



e
O
-
@)
/p)
-
C
®
=
O
D
e
O
)
@)
O
<
)
| -
[
@
=
O
0p)
D
o

Page 23 of 40

16.

17.

18.

19.

20.

21.

22.

Respiratory Care

Zadek et al., Page 22

2006;354(17):1775-1786.

Bugedo G, Bruhn A, Hernandez G, Rojas G, Varela C, Tapia JC, et al. Lung computed
tomography during a lung recruitment maneuver in patients with acute lung injury.

Intensive Care Med 2003;29(2):218-225.

Chen YY, Kuo JSH, Ruan SY, Chien YC, Ku SC, Yu CJ, et al. Prognostic value of
computed tomographic findings in acute respiratory distress syndrome and the response to

prone positioning. BMC Pulm Med 2022;22(1):1-12.

Raimondi F, Cazzaniga S, Annibali S, Novelli L, Brivio M, Pappacena S, et al. Extent and
distribution of parenchymal abnormalities in baseline CT-Scans do not predict awake

prone positioning response in COVID-19 related ARDS. Diagnostics 2022;12(8):1848.

Ranieri VM, Rubenfeld GD, Thompson BT, Ferguson ND, Caldwell E, Fan E, et al. Acute
respiratory distress syndrome: The Berlin definition. JAMA - J Am Med Assoc

2012;307(23):2526-2533.

Foti G, Giannini A, Bottino N, Castelli gian P, Cecconi M, Grasselli G, et al.
Management of critically ill patients with coviD-19: suggestions and instructions from the
coordination of intensive care units of lombardy. Minerva Anestesiol 2020;86(11):1234—

1245.

Grasselli G, Greco M, Zanella A, Albano G, Antonelli M, Bellani G, et al. Risk Factors
Associated With Mortality Among Patients With COVID-19 in Intensive Care Units in

Lombardy, Italy Supplemental content. JAMA Intern Med 2020;180(10):1345-1355.

Brower RG, Matthay MA, Morris A, Schoenfeld D, Thompson BT, Wheeler A.



e
O
-
@)
/p)
-
C
®
=
O
D
e
O
)
@)
O
<
)
| -
[
@
=
O
0p)
D
o

23.

24.

25.

26.

27.

28.

Respiratory Care Page 24 of 40

Zadek et al., Page 23

Ventilation with lower tidal volumes as compared with traditional tidal volumes for acute
lung injury and the acute respiratory distress syndrome. N Engl ] Med

2000;342(18):1301-1308.

Sinha P, Fauvel NJ, Singh S, Soni N. Ventilatory ratio: A simple bedside measure of

ventilation. Br J Anaesth 2009;102(5):692—-697.

Scaramuzzo G, Gamberini L, Tonetti T, Zani G, Ottaviani I, Mazzoli CA, et al. Sustained
oxygenation improvement after first prone positioning is associated with liberation from
mechanical ventilation and mortality in critically ill COVID-19 patients: a cohort study.

Ann Intensive Care 2021;11(1):1-10.

Berta L, Rizzetto F, De Mattia C, Lizio D, Felisi M, Colombo PE, et al. Automatic lung
segmentation in COVID-19 patients: Impact on quantitative computed tomography

analysis. Phys Med 2021;87(6):115-122.

Berta L, De Mattia C, Rizzetto F, Carrazza S, Colombo PE, Fumagalli R, et al. A patient-
specific approach for quantitative and automatic analysis of computed tomography images

in lung disease: Application to COVID-19 patients. Phys Medica 2021;82(12):28-39.

Zorzi G, Berta L, Rizzetto F, De Mattia C, Felisi MM, Carrazza S, et al. Artificial
intelligence for differentiating COVID-19 from other viral pneumonias on CT:
comparative analysis of different models based on quantitative and radiomic approaches.

Eur Radiol Exp 2023;7(1):3.

Vecchi V, Langer T, Bellomi M, Rampinelli C, Chung KK, Cancio LC, et al. Low-dose
CT for quantitative analysis in acute respiratory distress syndrome. Crit Care

2013;17(4):R183.



e
O
-
@)
/p)
-
C
®
=
O
D
e
O
)
@)
O
<
)
| -
[
@
=
O
0p)
D
o

Page 25 of 40

29.

30.

31.

32.

33.

34.

35.

36.

Respiratory Care

Zadek et al., Page 24

Guerin C, Baboi L, Richard JC. Mechanisms of the effects of prone positioning in acute

respiratory distress syndrome. Intensive Care Med 2014;40(11):1634—-1642.

Mentzelopoulos SD, Roussos C, Zakynthinos SG. Prone position reduces lung stress and

strain in severe acute respiratory distress syndrome. Eur Respir J 2005;25(3):534-544.

Albert RK, Keniston A, Baboi L, Ayzac L, Guérin C. Prone Position—induced
Improvement in Gas Exchange Does Not Predict Improved Survival in the Acute

Respiratory Distress Syndrome. Am J Respir Crit Care Med 2014;189(4):494-496.

Aalinezhad M, Alikhani F, Akbari P, Rezaei MH, Soleimani S, Hakamifard A. The
relationship between CT severity score and capillary blood oxygen saturation in patients

with COVID-19 infection. Indian J Crit Care Med 2021;25(3):279-283.

Pennati F, Aliverti A, Pozzi T, Gattarello S, Lombardo F, Coppola S, et al. Machine
learning predicts lung recruitment in acute respiratory distress syndrome using single lung

CT scan. Ann Intensive Care 2023;13(1):60.

Musch G, Layfield JDH, Harris RS, Vidal Melo MF, Winkler T, Callahan RJ, et al.
Topographical distribution of pulmonary perfusion and ventilation, assessed by PET in

supine and prone humans. J Appl Physiol 2002;93(5):1841-1851.

Henderson AC, Sa RC, Theilmann RJ, Buxton RB, Prisk GK, Hopkins SR. The
gravitational distribution of ventilation-perfusion ratio is more uniform in prone than

supine posture in the normal human lung. J Appl Physiol 2013;115:313-324.

Papazian L, Paladini MH, Bregeon F, Thirion X, Durieux O, Gainnier M, et al. Can the

tomographic aspect characteristics of patients presenting with acute respiratory distress



e
O
-
@)
/p)
-
C
®
=
O
D
e
O
)
@)
O
<
)
| -
[
@
=
O
0p)
D
o

37.

38.

39.

40.

41.

42.

43.

Respiratory Care

Zadek et al., Page 25

syndrome predict improvement in oxygenation-related response to the prone position?

Anesthesiology 2002;97(3):599-607.

Si-Mohamed S, Chebib N, Sigovan M, Zumbihl L, Turquier S, Boccalini S, et al. In vivo
demonstration of pulmonary microvascular involvement in COVID-19 using dual-energy

computed tomography. Eur Respir J 2020;56(4):2002608.

Santamarina MG, Boisier D, Contreras R, Baque M, Volpacchio M, Beddings I. COVID-

19: A hypothesis regarding the ventilation-perfusion mismatch. Crit Care 2020;24(1):4-7.

Busana M, Giosa L, Cressoni M, Gasperetti A, Di Girolamo L, Martinelli A, et al. The
impact of ventilation—perfusion inequality in COVID-19: A computational model. J Appl

Physiol 2021;130(3):865-876.

Patel B V, Arachchillage DJ, Ridge CA, Bianchi P, Doyle JF, Garfield B, et al. Pulmonary
angiopathy in severe COVID-19: Physiologic, imaging, and hematologic observations.

Am J Respir Crit Care Med 2020;202(5):690-699.

Rossi S, Palumbo MM, Sverzellati N, Busana M, Malchiodi L, Bresciani P, et al.
Mechanisms of oxygenation responses to proning and recruitment in COVID-19

pneumonia. Intensive Care Med 2022;48(1):56—66.

Sanabria-Rodriguez OO, Cardozo-Avendafio SL, Mufioz-Velandia OM. Factors
associated with a nonresponse to prone positioning in patients with severe acute

respiratory distress syndrome due to SARS-CoV-2. Crit care Sci 2023;35(2):156-162.

Barisione E, Grillo F, Ball L, Bianchi R, Grosso M, Morbini P, et al. Fibrotic progression

and radiologic correlation in matched lung samples from COVID-19 post-mortems.

Page 26 of 40



e
O
-
@)
/p)
-
C
®
=
O
D
e
O
)
@)
O
<
)
| -
[
@
=
O
0p)
D
o

Page 27 of 40

44,

45.

46.

47.

48.

49.

50.

Respiratory Care

Zadek et al., Page 26

Virchows Arch 2021;478(3):471-485.

Patel B V., Haar S, Handslip R, Auepanwiriyakul C, Lee TML, Patel S, et al. Natural
history, trajectory, and management of mechanically ventilated COVID-19 patients in the

United Kingdom. Intensive Care Med 2021;47(5):549-565.

Fossali T, Pavlovsky B, Ottolina D, Colombo R, Basile MC, Castelli A, et al. Effects of
Prone Position on Lung Recruitment and Ventilation-Perfusion Matching in Patients with
COVID-19 Acute Respiratory Distress Syndrome: A Combined CT Scan/Electrical

Impedance Tomography Study*. Crit Care Med 2022;50(5):723-732.

Guérin C, Reignier J, Richard J-C, Beuret P, Gacouin A, Boulain T, et al. Prone
Positioning in Severe Acute Respiratory Distress Syndrome. N Engl J Med

2013;368(23):2159-2168.

Richter T, Bellani G, Harris RS, Melo MFV, Winkler T, Venegas JG, et al. Effect of
prone position on regional shunt, aeration, and perfusion in experimental acute lung

injury. Am J Respir Crit Care Med 2005;172(4):480-487.

Lee DL, Chiang HT, Lin SL, Ger LP, Kun MH, Huang YCT. Prone-position ventilation
induces sustained improvement in oxygenation in patients with acute respiratory distress

syndrome who have a large shunt. Crit Care Med 2002;30(7):1446—-1452.

Lamm WJE, Graham MM, Albert RK. Mechanism by which the prone position improves

oxygenation in acute lung injury. Am J Respir Crit Care Med 1994;150(1):184-193.

Wang Y, Zhong M, Dong M, Song J, Zheng Y, Wu W, et al. Prone positioning improves

ventilation—perfusion matching assessed by electrical impedance tomography in patients



e
O
-
@)
/p)
-
C
®
=
O
D
e
O
)
@)
O
<
)
| -
[
@
=
O
0p)
D
o

51.

52.

53.

54.

55.

56.

Respiratory Care Page 28 of 40

Zadek et al., Page 27

with ARDS: a prospective physiological study. Crit Care 2022;26(1):154.

Zarantonello F, Andreatta G, Sella N, Navalesi P. Prone position and lung ventilation and
perfusion matching in acute respiratory failure due to COVID-19. American Journal of

Respiratory and Critical Care Medicine 2020;202(2):278-279.

Perier F, Tuffet S, Maraffi T, Alcala G, Victor M, Haudebourg AF, et al. Effect of positive
end-expiratory pressure and proning on ventilation and perfusion in COVID-19 acute
respiratory distress syndrome. American Journal of Respiratory and Critical Care

Medicine 2020;202(12):1713-1717.

Rubin GD, Ryerson CJ, Haramati LB, Sverzellati N, Kanne JP, Raoof S, et al. The Role of
Chest Imaging in Patient Management During the COVID-19 Pandemic: A Multinational

Consensus Statement From the Fleischner Society. Chest 2020;158(1):106—-116.

Marrazzo F, Spina S, Zadek F, Forlini C, Bassi G, Giudici R, et al. PEEP Titration Is
Markedly Affected by Trunk Inclination in Mechanically Ventilated Patients with

COVID-19 ARDS: A Physiologic, Cross-Over Study. J Clin Med 2023;12(12):3914.

Marrazzo F, Spina S, Forlini C, Guarnieri M, Giudici R, Bassi G, et al. Effects of Trunk
Inclination on Respiratory Mechanics in Patients with COVID-19-associated Acute
Respiratory Distress Syndrome: Let’s Always Report the Angle! Am J Respir Crit Care

Med 2022;205(5):582-584.

Marrazzo F, Spina S, Zadek F, Forlini C, Bassi G, Giudici R, et al. Ventilation
Distribution During Changes in Trunk Inclination in Patients With ARDS. Respir Care

2024;69(2):222-226.



e
O
-
@)
/p)
-
C
®
=
O
D
e
O
)
@)
O
<
)
| -
[
@
=
O
0p)
D
o

Page 29 of 40

Respiratory Care

Zadek et al., Page 28

Figure legends

Figure 1. Study flow chart. Acronyms: ARDS: acute respiratory distress syndrome; CT:

computed tomography; PP: prone position.

Figure 2. Variation of clinical parameters during the first pronation cycle of oxygen responders
(red circle) and oxygen non-responders (black square) to pronation. Oxygen Responders were
defined as the subjects whose PaO,/FiO, ratio increased by> 20 mmHg during prone ventilation
as compared to baseline values in supine position. Panel A represented the variations of
respiratory system compliance. Panel B represented the ratio variations between arterial partial
pressure of oxygen and inspiratory fraction of oxygen. Panel C represents the variations in pH.

Panel D represented the variations in respiratory ratio.

Figure 3. Ventral-dorsal (1 to 10 segment) regional lung tissue distribution subjects divided by
oxygen responders (black bars) and oxygen non-responders (grey bars) to pronation. Oxygen
Responders were defined as the subjects whose PaO,/FiO, ratio increased by> 20 mmHg during

prone ventilation as compared to baseline values in supine position.
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Quick Look

Current Knowledge

Chest Computed Tomography (CT) was broadly used in COVID-19 pandemic to facilitate
diagnosis and quantify the degree of disease extension. Recently, a relationship between the
dorsal non-aerated tissue quantified at the CT scan and the gas exchange response to prone
position was demonstrated in classical ARDS, but clinical studies have not confirmed these

findings in COVID-19 related ARDS.

What This Paper Contributes To Our Knowledge

No relationship between dorsal non-aerated tissue quantified at the CT scan analysis, and both
oxygen and carbon dioxide response to pronation was found. Quantitative CT scan imaging
should not be accounted for when deciding whether to use prone position in intubated COVID-

19 related ARDS subjects.
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466 adult COVID-19
patients screened

Excluded patients:

42 Not admitted for COVID-19 related ARDS
147 No PP performed

118  No CT scans available within 72 hour from PP
34 Missing arterial blood gases during PP

125 enrolled COVID-19
ARDS patients

Figure 1. Study flow chart. Acronyms: ARDS: acute respiratory distress syndrome; CT: computed
tomography; PP: prone position.
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Figure 2. Variation of clinical parameters during the first pronation cycle of oxygen responders (red circle)
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Figure 3. Ventral-dorsal (1 to 10 segment) regional lung tissue distribution subjects divided by oxygen
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Table 1. Population demographic characteristics at ICU admission divided by oxygen
response to pronation

Oxygen Non- Oxygen
e Total
Q Variables (N = 125) responders Responders p-value
— N=9) (N=116)
S Sex, Female n (%) 30 (24) 3(33) 27 (23) 45
O Age, years 62+11 67=+8 61+11 .08
CD Weight, kg 86+ 19 74+9 87+ 19 .001
3 Height, cm 171+9 169+ 7 171+9 .58
% BMI, kg/m? 30+ 6 26+ 4 306 .009
2 Comorbidities:
Hypertension, n (%) 64 (51) 0(0) 64 (55) .001
U Diabetes, n (%) 22 (18) 1(11) 21 (18) 51
q) Active Smoke, n (%) 54) 0(0) 54) .68
fd Obesity, n (%) 38 (30) 1(11) 37 (32) 18
Q_ Cancer, n (%) 14 (11) 3(33) 11 (9) .063
q) CKD, n (%) 9(7) 0 (0) 9(8) .50
O COPD, n (%) 13 (10) 0(0) 13(11) .36
O Atrial Fibrillation, n (%) 8(6) 0(0) 8(7) .54
< CAD, n (%) 15 (12) 1(11) 14 (12) 1
Liver disease, n (%) 10 (8) 0(0) 10 (9) 46
9 SOFA 514, 6] 412,6] 5[4, 6.5] 23
CU SAPSII 3833, 43] 41 [35, 43] 38 [33,43.5] .63
O Days between the onset of
10+6 14+7 10+6 13
< symptoms and CT scan, days
» — Days between the onset of
Q_ symptoms and first pronation, 11+6 15+6 10+6 .073
U) days
q) Subjects were defined as “oxygen responders” (Oxy-R) to PP if the PaO,/FiO, ratio increased
m by> 20 mmHg during prone ventilation as compared to baseline values in supine position.




Page 35 of 40 Respiratory Care

Similarly, “oxygen non-responder” (Oxy-NR) were defined as those subjects in whom this
condition was not satisfied. Acronyms: BMI body mass index;, CAD coronary arterial disease;
CKD: chronic kidney disease; COPD: chronic obstructive pulmonary disease; CT computed
tomography, ICU.: intensive care unit; SAPS: Simplified Acute Physiology Score; SOFA:
Sequential Organ Failure Assessment.
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Table 2. Ventilatory parameters of the population divided by oxygen response to pronation
in supine position before the first pronation

Total Oxygen Non- Oxygen
Variables responders Responders p-value
(N =125)
N=9) (N=116)
ARDS Severity .53
Mild n (%) 1(0.8) 0 (0.0) 1(1)
Moderate n (%) 65 (52.0) 6 (67) 59 (51)
Severe n (%) 59 (47.2) 3(33) 56 (48)
Ventilator setting:
Tidal Volume/PBW, 6.7+0.9 6.6+1.0 6.8+0.8 13
ml/kg
RR, breath/minute 19+£3 20+ 4 19+3 .86
PEEP, cm H,0O 12+2 12+2 12+2 .29
Plateau Pressure, cm 24+3 24+ 3 23+3 42
H,0
Crs, ml/cm H,O 41+ 11 32+£5 42+ 11 <.001
Driving Pressure, cm 11+3 13+£2 11+£3 .08
H,0
Arterial blood Gas:
pH 7.36 +£0.07 7.38 £0.07 7.36 +£0.07 32
PaCO,, mm Hg 47+9 48 £ 10 47+9 .78
Ventilatory Ratio 1.6 £0.5 1.6+04 1.6 £0.5 .62
Pa0O,, mm Hg 77+ 16 80+ 10 77+ 16 44
FiO,, % 0.8+0.2 0.7+0.2 0.8+0.2 .36
Pa0,/FiO, 103 [82, 123] 113 [89, 142] 102 [81, 122] 22

Subjects were defined as “oxygen responders” (Oxy-R) to PP if the PaO,/FiO, ratio increased
by> 20 mmHg during prone ventilation as compared to baseline values in supine position.
Similarly, “oxygen non-responder” (Oxy-NR) were defined as those subjects in whom this
condition was not satisfied. Acronyms: ARDS: acute respiratory distress syndrome; Crs:
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compliance of the respiratory system; FiO, inspiratory fraction of oxygen, PaCO, arterial
partial pressure of carbon dioxide; PaO; arterial partial pressure of oxygen; PBW: predicted
body weight, PEEP: positive end-expiratory pressure; RR: respiratory rate.
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Table 3. Clinical outcomes of the population divided by oxygen response to pronation

Total Oxygen Non- Oxygen

Variables (N =125) responders  Responders p-value
N=9) (N =116)
Number of Pronation, n 412, 6] 3[2,5] 412,7] 27
Total Pronation Time, hour 80 [46, 146] 92 [47,139] 79 [44, 148] .82
iNO, n (%) 32 (26) 3(33) 29 (25) .69
Days of Ventilation 30[17,41.5] 4219, 57] 29[17,39] 25
Tracheostomy, n (%) 76 (61) 5(56) 71 (61) 74
Hospital LOS, days 45 [26, 65] 57 [22, 62] 44 [26, 65] .94
ICU LOS days 33119, 45] 43 [10, 50] 3320, 45] .94
ICU Outcome 52
Deceased n (%) 51(41) 4 (44) 47 (40)
Discharged n (%) 74 (59) 5(56) 70 (60)

Subjects were defined as “oxygen responders” (Oxy-R) to PP if the PaO,/FiO, ratio increased
by> 20 mmHg during prone ventilation as compared to baseline values in supine position.
Similarly, “oxygen non-responder” (Oxy-NR) were defined as those subjects in whom this
condition was not satisfied. Acronyms. ICU.: intensive care unit; iNO: inhaled nitric oxide; LOS:
length of stay.
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Table 4. Baseline quantitative CT parameters of the population divided for the oxygen

response to pronation.

Oxygen Non- Oxygen
All patients
Variables (N = 125) responders Responders p-value
N=9) (N=116)
Bilateral Lung
Volume, ml 3526 +1009 3816 +757 3503 £1025 27
Density, HU -545 £106 -562 £58 -544 £109 42
Tissue mass, g 1541 £390 1654 £304 1532 £396 .28
Hyper inflated lung
Volume, ml 160 £157 189 £126 158 £159 .50
Density, HU -968 £2 -968 £2 -968 +2 72
Tissue mass, g 545 6 +3 545 46
Well aerated lung
Volume, ml 2092 +895 2283 +532 2077 £917 31
Density, HU =740 £31 =752 £17 =739 £32 .066
Tissue mass, g 530 £208 568 £13 527 £213 43
Poorly aerated lung
Volume, ml 891 +£324 939 +242 887 £330 .56
Density, HU -343 £20 -345 +16 -343 £20 5
Tissue mass, g 584 £210 615 £158 582 +£214 57
Non aerated lung
Volume, ml 319 £192 335 +157 317 £195 75
Density, HU -51 +8 -50 +6 -51 +8 5
Tissue mass, g 303 £185 319 £150 302 £188 .76

Subjects were defined as “oxygen responders” (Oxy-R) to PP if the PaO,/FiO, ratio increased
by> 20 mmHg during prone ventilation as compared to baseline values in supine position.
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Similarly, “oxygen non-responder” (Oxy-NR) were defined as those subjects in whom this
condition was not satisfied. Acronyms: CT: computed tomography.
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Table 5. Baseline quantitative CT parameters of the population divided for the carbon
dioxide response to pronation.

e Total €O, Non- CO; Responders
Variables responders p-value
Q— (N=125) (N=51)
» — N=174)
b Bilateral Lung
O Volume, ml 3526 +1009 3502 £1030 3560 +987 5
CD Density, HU -545 £106 -546 £94 -545 +123 .99
g Tissue mass, g 1541 £390 1534 £377 1551 £412 .89
(U Hyper inflated lung
2 Volume, ml 160 157 144 £136 184 182 37
Density, HU -968 £2 -968 £2 -968 +2 .58
U Tissue mass, g 545 4 +4 6 £5 36
-|q—l) Well aerated lung
Q Volume, ml 2092 +895 2087 +885 2099 £918 .96
q) Density, HU =740 £31 -7354£29 -748 £33 .018
O Tissue mass, g 530 £208 542 £216 512 £198 .55
&) Poorly aerated lung
Volume, ml 891 +£324 929 +323 8354320 .07
q) Density, HU -343 £20 -346 £19 -338 £21 .033
E Tissue mass, g 584 £210 606 £207 553 £212 .10
O Non aerated lung
. Volume, ml 319 £192 287 £157 366 +228 13
U= Density, HU -51 +8 -52 +6 -49 +9 .19
Q— Tissue mass, g 304 +185 272 £150 349 +£220 12
$ Acronyms: CT: computed tomography.
o




