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Abstract

Purpose: We aimed to better understand the pathophysiology of SARS-CoV-2 pneumonia in
non-critically ill hospitalized patients secondarily presenting with clinical deterioration and
increase in oxygen requirement without any identified worsening factors.

Methods: We consecutively enrolled patients without clinical or biological evidence for
superinfection, without left ventricular dysfunction and for whom a pulmonary embolism
was discarded by computed tomography (CT) pulmonary angiography. We investigated lung
ventilation and perfusion (LVP) by LVP scintigraphy, and, 24 h later, left and right ventricular
function by Tc-99m-labeled albumin-gated blood-pool scintigraphy with late (60 mn)
tomographic albumin images on the lungs to evaluate lung albumin retention that could
indicate microvascular injuries with secondary edema.

Results: We included 20 patients with confirmed SARS-CoV-2 pneumonia. All had CT
evidence of organizing pneumonia and normal left ventricular ejection fraction. No patient
demonstrated preserved ventilation with perfusion defect (mismatch), which may discard a
distal lung thrombosis. Patterns of ventilation and perfusion were heterogeneous in seven
patients (35%]) with healthy lung segments presenting a relative paradoxical hypoperfusion
and hypoventilation compared with segments with organizing pneumonia presenting a
relative enhancement in perfusion and preserved ventilation. Lung albumin retention in area

of organizing pneumonia was observed in 12 patients (60%], indicating microvascular injuries,

increase in vessel permeability, and secondary edema.

Conclusion: In hospitalized non-critically ill patients without evidence of superinfection,
pulmonary embolism, or cardiac dysfunction, various types of damage may contribute to
clinical deterioration including microvascular injuries and secondary edema, inconsistencies
in lung segments vascularization suggesting a dysregulation of the balance in perfusion
between segments affected by COVID-19 and others.
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Summary Statement

Microvascular injuries and dysregulation of the balance in perfusion between segments affected
by COVID-19 and others are present in non-critically ill patients without other known aggravating

factors.

Key Results

In non-critically ill patients without evidence of superinfection, pulmonary embolism,
macroscopic distal thrombosis or cardiac dysfunction, various types of damage may
contribute to clinical deterioration including 1/ microvascular injuries and secondary

edema, 2/ inconsistencies in lung segments vascularization with hypervascularization of
consolidated segments contrasting with hypoperfusion of not affected segments, suggesting a
dysregulation of the balance in perfusion between segments affected by COVID-19 and others.

Keywords: microvascular injury, pulmonary embolism, SARS-CoV-2 pneumonia, secondary

edema, vasoconstriction, vasodilation
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Introduction

The causes for clinical deterioration and increase
in oxygen requirement in hospitalized patients
with SARS-CoV-2 pneumonia remain uncertain.
The extent of lung involvement assessed by com-
puted tomography (CT) has been reported as a
prognostic factor, still many patients exhibit a
moderate extent but require admission to an
intensive care unit while others present a larger
extent but remain clinically stable.!-2

To explain these puzzling discordances between
clinical presentation and imaging, a wide use of CT
pulmonary angiography (CTPA) has been proposed
to detect possible pulmonary embolism despite the
unclear risk of venous thromboembolism.3#

Other hypotheses have emerged, including a vas-
culitis/endothelitis and thrombo-inflammatory
process>7 potentially associated with local periph-
eral thrombosis undetected by conventional
CTPA. This « vasculocentric » approach is consist-
ent with the observation of arterial vessels enlarge-
ment at CT®% and the potential loss of
hypoxemia-related vasoconstriction in infected tis-
sues.®10 Furthermore, a loss of distal microvascu-
lature and scars of intra-alveolar deposit of fluid,
fibrin and hyaluran, disrupted alveolar capillaries
with platelet-fibrin microthrombil®-1*> were also
reported in pathology series.!%12 However, these
autopsy findings that reported endothelitis and
alveolitis'®!! were performed in ultimately ill
SARS-CoV-2 pneumonia but it is unclear if these

damages may also occur in non-critically ill patients
although suggested in one pathologic study of two
cases who underwent lung lobectomies for adeno-
carcinoma and were retrospectively found to have
had COVID-19 at the time of the operation.!?
Furthermore, the reduction of distal microvascula-
ture does not necessarily imply microvessel throm-
bosis, as the inflammatory process itself may
explain the (micro)vasculature impairment and
may lead to an increase of vessel permeability,
interstitial edema, elevation of interstitial pressure,
and external compression of the vessels’ lumen,
finally resulting in a drop of oxygen transportation
and arterial blood flow. To our knowledge, such
an edema in non-critically ill patients has never
been evidenced in vivo. In addition, studies of
CTPA combined with artificial intelligence!3-14
have shown a lessering of pulmonary microvessels
(below 5mm?) in patients with COVID-19 as well
as in community-acquired pneumonia, this
decrease being a prognostic factor for the risk of
mechanical ventilation or death.!3

To better understand the complex relationships
between alveolar ventilation, pulmonary vascu-
larization and interstitial edema related to abnor-
mal permeability, we prospectively investigated
non-critically ill COVID-19 patients admitted for
a sudden clinical deterioration, or suddenly
worsening during hospitalization, without clinical
evidence for other pathological process. Lung
ventilation/perfusion was evaluated by lung
ventilation/perfusion scintigraphy (LVPS) and
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Tc-99m-labeled albumin-gated blood-pool scin-
tigraphy (GBPS) was used for evaluation of left
and right ejection fraction (LVEF and RVEF)
and detection of interstitial edema related to
abnormal capillar permeability.

Materials and methods

Patients

From February to September 2021, we prospec-
tively included non-critically ill patients hospitalized
in the COVID-19 unit of our institution (1) pre-
senting with a sudden clinical deterioration defined
by a respiratory rate impairment and a rise of oxy-
gen flow to reach a peripheral capillary oxygen satu-
ration (SpO2) of more than 95% during at least
48h, (2) for whom a diagnosis of pulmonary embo-
lism was discarded by CTPA, (3) without clinical or
biological evidence for pulmonary superinfection,
and (4) without evidence for left ventricular (LV)
dysfunction (Figure 1).

COVID-19 was confirmed according to the
World Health Organization (WHO) guidancel!®
by a positive result of reverse transcription-poly-
merase chain reaction (RT-PCR) assay of nasal
swabs, peripheral pulmonary ground-glass opaci-
ties (GGO), or air-space consolidation on their
chest CT scan at admission and suggestive com-
mon laboratory findings.1¢ Patients could not be
included if their medical condition was unstable,
if they were under mechanical ventilation or
required critical care unit, in case of clinical evi-
dence for lung superinfection or heart failure or in
case of a pregnancy. Personal protective equip-
ment was available for the staff, and all measures
to ensure strict infection prevention were observed
according to established guidance.!” The institu-
tional review board for human studies approved
the protocol and a written consent was obtained
from all patients. The protocol was registered in
Clinical Trials Registry.

Chest CT and CTPA

Chest CT scan was performed with blocked
inspiration using an Aquilion ONE PRISM
(Canon Medical Systems, Okinawa, Japan) and
the following parameters: tube voltage of 120 kVp
and an automatic tube current modulation
(SUREexposure®), rotation time 0.5s, pitch fac-
tor 0.81. Axial reconstructions were performed
with a matrix size 512X512 with a hard

Non-critically ill hospitalized patients secondarily presenting with

clinical deterioration and increase in oxygen requirement

No biological or radiological
evidence for superinfection

Day 0 Pulmonary Embolism discarded
by Computed Tomography
Pulmonary Angiography
‘ INCLUSION n=21 ‘
Day 1 Lung Ventilation/Perfusion
scintigraphy
Day 2 Albumin Gated Blood Pool
scintigraphy and lung SPECT
Abnormal LVEF
n=20 (<55%) : exclusion
(n=1)
n=10
Day 10 95% Sp02 Recovery
Day 30 n=7
Day 60

Figure 1. Patients’ flow diagram.

LVEF, left ventricular ejection fraction; SPECT, single photon emission computed

tomography.

convolution kernel FC35, appropriate for lung
exploration, with 1 mm slice thickness and
0.8mm slice spacing. The same procedure was
used after contrast agent administration with a
hard convolution kernel « bodysharp » 1
mm/0.8mm and intravenous administration of
Optiject 350 (Guerbet, Villepinte, France), 50 ml
at a flow of 4 ml/s.

LVPS
LVPS imaging was performed within 24 h after
CTPA, in accordance with the recommendations
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of the European Association of Nuclear Medicine
using a large field-of-view dual-head gamma-
camera with a low-energy, all-purpose collimator
(WEHR45) was used (Discovery NM/CT 870
CZT General Electric). Between 370 and 420
MBq of Technegas® (Cyclomedica Ltd,
Kingsgrove, NSW, Australia) was prepared for
inhalation and ventilation tomography was
performed thereafter.18-20 Then, while the patient
was carefully maintained in the same supine posi-
tion, 185 MBq Tc-99m-macroaggegates
(Pulmocis; Curium, Paris, France) were slowly
injected intravenously followed by the perfusion
tomography.20-21

All acquisitions were performed with body con-
tour (128 X 128 matrix, zoom 1, 60 projec-
tions over 360°, 20 s duration for ventilation
and 15s for the perfusion study) and recon-
structed (10 subsets, 2 iterations, resolution
recovery option).

A combined CT acquisition was performed (120
kV, intensity modulation, rotating time 0.7 s,
pitch 1.375, matrix size 512 X 512, slice thick-
ness 2.5 mm/2.5 mm).

The ventilation study was performed in a room
specifically dedicated for this activity and reserved
for COVID-19 patients at the end of the daily
program and then room and materials were fully
cleaned and sterilized according to the institu-
tional procedures.

Tc-99m-albumin GBPS
The day following LVPS, 740 MBq of Tc99m-
labeled albumin (Vasculocis 10 mg, CIS-BIO
International, Gif sur Yvette, France) was intra-
venously administered.

Cardiac GBPS was then performed in best septal
left anterior oblique (around 30°) and left lateral
according to the following parameters: 128 X 128
matrix, 5000 Kcts, 16 bin zoom X2. LVEF and
RVEF were automatically computed using a ded-
icated software (XTERNA, Xelerix 3, General
Electric).

In 45 to 60min after IV administration, a non-
gated tomographic acquisition over the lungs was
performed, with the same parameters than for
LVPS SPECT, resulting in a late albumin acqui-
sition (Alb).

Scintigraphic data management

Visual analysis

Visual analysis was performed on a segmental level.
Only segments with involvement of more than 50%
were considered. According to the ventilation and
perfusion pattern, each segment was classified into
(1) ‘normal’ when lung ventilation (LV) and lung
perfusion (LP) demonstrated a normal and homo-
geneous uptake, (2) ‘abnormal and matched’ when
both LV and LP were similarly altered, (3) ‘regu-
larly mismatched’ in case of hypoperfusion but nor-
mal ventilation, and (4) ‘reversely mismatched’ in
case of hypoventilation but normal perfusion.

Furthermore, perfusion and ventilation of
COVID-19 involved area were compared with
those of ‘normal’ area to detect the presence of
paradoxically hypoperfused and hypoventilated
normal segments. For quantitative analysis, area
with patent emphysema on CT was systemati-
cally excluded.

Quantitative analysis of GBPS data

On the CT acquired with LVPS, several volume of
interest (VOIs) were drawn over one area free of
CT, perfusion and ventilation abnormalities (ref-
erence area), and over the most significant
COVID-19 CT abnormalities (GGO or organiz-
ing pneumonia). These VOIs were reported on
each scintigraphic acquisition. An index of patho-
logical uptake was then defined for each method as
the ratio of the mean counts value in the pathologi-
cal VOI over the mean counts value in the normal
reference area, defining 3 indexes: ventilation
index (VI), perfusion index (PI), and albumin
index (AI). In healthy patients, PIs obtained by PI
and Al are very close but may differ in case of lung/
perfusion heterogeneity from one area to another
or according to the pathology involved. Based on a
personal unpublished series of 12 patients present-
ing with cardiogenic pulmonary edema, free of
pulmonary infection and investigated by both
LVPS (to discard pulmonary embolism) and
GBPS (to evaluate LVEF), an albumin retention
was considered significant when the ratio AI/PI
was equal or above 1.7 (mean value + 2 standard
deviation: 1.26 + 0.21, Table 1).

Patients’ short-term clinical outcome
Follow-up was continued either as long as patients
demonstrated a 95% SpO2 recovery in ambient
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Table 1. Determination of a significant Al/PI ratio.

Patient LVEF Al/PI
1 47 1.15
2 24 1.55
3 37 1.45
4 50 1.02
5 41 1.2

6 88 1.35
7 45 1.31

8 49 0.95
9 49 0.92
10 29 1.48
" 36 1.38
12 40 1.3

mean 40.25 1.26
SD 8.79 0.21

Al/PI, Albumin index/perfusion index; SD, standard
deviation.

Unpublished data of 12 patients presenting with
cardiogenic pulmonary edema, free of pulmonary
infection. Patients were investigated by both lung
ventilation/perfusion scintigraphy to discard pulmonary
embolism that could have induced cardiac dysfunction,
and gated blood-pool scintigraphy to evaluate left
ventricular ejection fraction (LVEF). Al/Pl was calculated
as described in the methodology section for the COVID-19
patients. A non-cardiogenic albumin uptake was
considered significant when the ratio Al/Pl was equal or
above 1.7 (mean value + 2 standard deviation).

air or at least 10 days for patients with residual O2
therapy.

Patients’ short-term clinical outcome during hos-
pitalization was classified as follows: improve-
ment, worsening, stability, or long COVID by an
adjudication committee consisting of three physi-
cians experienced in intensive care, pulmonology,
and emergency medicine and involved in the
management of COVID-19 patients. The expert
panel was blinded to the results of LVPS but had
full access to medical records, focusing on the
kinetics of monitoring, treatment (notably oxygen
delivery), and biology from 3 days before to 4 days
after LVPS.

Statistical management

Categorical variables were collected as numbers
(n) and percentages (%). Continuous variables
were described as median and interquartile range

(IQR).

Prognosis was evaluated using categorical varia-
bles: worsening or stability versus improvement in
the 15 following days, delay to the recovery of a
95% or more SpO2 in ambient air below versus
above 15 days, hospitalization duration below ver-
sus above 15 days.

The prognostic value of the extent of CT abnor-
malities, an RVEF below versus above 50%, a sig-
nificant albumin uptake (AI/PI) above or equal to
1.7, and the presence and/or number of paradoxi-
cally hypoventilated and hypoperfused normal
segments were evaluated by Fisher’s exact test
and Mann-Whitney U test.

Results

Patients

Twenty-one patients were prospectively included;
one was secondarily excluded because of abnor-
mal LVEF. Population characteristics are sum-
marized in Table 2. The 13 first patients were
infected with the B 1.1.7 variant, the 7 remaining
with the Delta variant.

No patient received oxygen therapy before hospi-
talization except patient no. 2 who received long-
term oxygen therapy (2 I/min) for chronic
obstructive pulmonary disease.

Thirteen patients were included because they
required an increase in oxygen delivery from
baseline status, two because a pulmonary throm-
bosis was suspected because of sudden hypox-
emia and d-dimer increase (patients 6 and 8),
five because oxygen therapy could not be with-
drawn despite a moderate or stable involvement
at CT.

All patients received 6 mg of dexamethasone, anti-
coagulant therapy doses were prophylactic in 13
patients, and full intensity in 7 (2 because of a past
history of venous thromboembolism: patients 9
and 12). Only two patients received anti-IL6-R
therapy (tocilizumab, patients 1 and 3). No patient
experienced any secondary lung bacterial infec-
tion, one had an elevated leucocyte count related
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to a urinary infection (patient 16). The extent of §
CT abnormalities ranged from 10 to 90%. c £
£ % 3
The delay to recovery of a 95% or more SpO2 in = =
ambient air was 15days or less in 12 patients. <3 * * * ' * * ' *
Nine patients were hospitalized for 15days or _
more. Biological data are summarized in Table 3. N o o ™ s 3 © ™ ™
< o~ — o~ — — — — o~
No patient demonstrated pulmonary segments or v -E - > . . . . . -
subsegments with both preserved ventilation and S24 = s e e e e e e
hypoperfusion (mismatch) that could be sugges- EE £ Z2® 25 2% 25 2% 25 2ZWN 29
tive of macroscopic distal thrombosis. ESE|ZZ £Z2 5Z2 5Z2 S5z Sz =z 3=z
58¢ 538 =5 =8 =8 =5 38 =& =8
Perfusion and ventilation patterns were very het-
erogeneous from one patient to another but also W
within a same patient, among whom different z = Q = o 0 0 2 3 o
patterns coexisted. Patterns are summarized in
Table 3. T —
%8 B 2 3 3 N 3 5 ]
Three patients had normal LVPS. Seven patients
(35%) without past history of asthma demon- E
strated paradoxical concordant segments with a E
relative hypoperfusion and hypoventilation in areas 7-‘; =
visually free from COVID19-involvement, whereas S E © © ) o = =2 &~ =
COVID19-involved segments demonstrated a rel- o= S S o o S o o o
ative hyperperfusion with preserved ventilation. In
one case, a peripheral halo of hyperperfusion sur- kT w3
rounding the COVID-19 involvement was seen on % S E o) < — © D~ o ~
) = O = Lo ~O — — — 0] N
LVPS (Figure 2). Qao— | — ~N o~ o~ o~ N N —
Three patients had tracheobronchial tract uptake =
of Technegas. S=3 o
=l - EN: FEz: b
GBPS Nl - - BN Bl B
Twelve patients (60%) showed a significant late @ h °
pulmonary uptake of albumin in at least one (15 5
COVID-19 area (Table 2 and Figures 3 and 4). c| EZ ~ © o -
TI?E |8 8 5 & ¢ 8 3 &5
All patients had a normal LVEF (above 55%), g °= ~ ~ = b = = ¥ o
while 11 had a decreased RVEF (below 50%). Sl
(]
B
Clinical evolution 3183 | & S & 3 0 8 N
Procalcitonin level was the only significant factor g = ~ = o = « ~ \o ~
related to the duration of hospitalization (clinical 2 =
improvement versus others: 0.06mg/l, IQR = 0.06 © | a & © o~ ™ ™ e o
[0.03-0.17] versus 0.13mg/l, IQR = 0.05 [0.06- §|GE |[§ & S B & & & 3
0.78], p=0.04) or to the delay to 95% SpO2 recov-
ery (<15 days versus others: 0.06mg/l, IQR = 0.04 "g'
[0.04-0.12] wersus 0.13mg/l, IQR = 0.06 [0.03- 2%
0.78], p=0.03). Gl = & o ~ w © &~ &
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(b)

Figure 2. Patient no. 2. Perfusion (a), ventilation (b), and CT scan (c). Blue arrow: non-CQOVID-19-involved area
of the right Fowler lobe, with paradoxically matched hypoperfusion and hypoventilation, while the COVID-19-
involved area of the right superior lobe just in front remains perfused with a slightly hyperperfused peripheral

halo (red arrow).

(a)

Figure 3. Patient no. 2. Albumin (a), CT (b), and fused CT + albumin scan (c). Green arrow: COVID-19
condensation of the right base with significant albumin uptake and moderate pleural effusion behind. There
is also a moderate albumin uptake of the left inferior lobe. Aloumin (d), CT (e), and fused CT + albumin scan
(f). The moderate albumin uptake in the area of the peripheral halo of the COVID-19-involved area in the right
superior lobe (red arrow] is related to the corresponding hyperperfusion displayed in Figure 2 (red arrow].

Discussion

Among non-critically ill patients with CT evidence
of SARS-CoV-2-related organizing pneumonia,
our study evidences (1) the presence of lung
albumin retention in some COVID-19-involved
areas indicating microvascular injuries, vessel
permeability increase, and secondary edema; (2)
the absence of any ventilation/perfusion mis-
match, which may discard macroscopic distal
thrombi; and (3) ventilation and perfusion
abnormalities within 35% of patients several

healthy lung segments demonstrating a relative
hypoperfusion and hypoventilation while seg-
ments with organizing pneumonia appeared rela-
tively hyperperfused.

The injection of microspheres upstream in an
organ is a reference experimental method to meas-
ure downstream tissular blood flow. For a clinical
use, lung perfusion scintigraphy is considered the
best method to detect small distal pulmonary
embolism and its results can be considered as a
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(& [ (h)

Figure 4. Patient no. 7. Axial (a) and coronal CT slices (b). Corresponding perfusion (d, e) and ventilation

(g, h) scans. Corresponding coronal (c), axial (f), and saggital (i) fused albumin and CT scans. Green arrow:
non-COVID-19-involved segment of the right inferior lobe, with paradoxically matched hypoperfusion and
hypoventilation, while the COVID-19-involved area just behind (red arrow] is normally ventilated and perfused.
(c), (f), (i): Red arrow: significant albumin uptake in several COVID-19-related condensed areas.

surrogate of lung vascularization evaluation. 99m-
Tc Technegas is the best aerosol particularly in
patients with chronic obstructive pulmonary dis-
ease as, because of the very small particle size, this
agent is distributed in the lungs almost like a gas
and deposited in alveoli by diffusion, where they
remain stable. LVPS has been previously used in
SARS-CoV-2 pneumonia to discard pulmonary

embolism when CTPA was not indicated??-24 or
to evidence tracheobronchitis.?> Furthermore, in
case of normal CTPA and typically abnormal
LVPS (i.e. area with preserved ventilation and
perfusion defect), impairment of distal vascula-
ture might be detected whatever the mechanism
(very distal and small pulmonary embolism or
local thrombosis). Another way to evaluate local
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pulmonary vasculature is to use an intravascular
tracer that is not supposed to escape out of the
vessel. Because of a high molecular weight (around
70,000 Da), Tc-99m-labeled albumin fulfills this
criterion. Therefore, it might be expected that LP
scintigraphy and Tc-99m-albumin exhibit con-
cordant data about pulmonary arterial blood flow.
In case of an enhanced uptake of albumin in
COVID-19-involved areas compared with LP
estimation of the blood flow, as evaluated by the
AI/PI ratio, a leakage of albumin out of the pul-
monary capillaries as a consequence of abnormal
capillaries permeability and endothelial dysfunc-
tion could be strongly suggested, as it has been
described both in acute respiratory distress syn-
drome (ARDS) and in genetically modified mice
permanently expressing the human angiotensin-
converting enzyme 2 receptor (ACE2) and
infected with SARS-CoV-2.26 These -capillary
injuries, usually described in very severe clinical
presentations, might occur in moderate to mild
COVID-19 patients (as ours) with a preserved
good prognosis.

In several clinical and histopathological models of
tissue inflammation, interstitial and peri-vascular
edema impairs the functional vascularization and
tissue oxygen delivery,?” whatever the amount of
microvessels involved. As the oxygen delivery is
driven by a facilitated diffusion mechanism (the
combination of a concentration and a pressure
gradient), what increases the interstitial pressure
decreases the oxygen diffusion throughout the
microvessel walls. In other words, it is not sur-
prising that the participation of microvessel dam-
age—related edema, evidenced by Tc-99m-labeled
albumin, could be an exacerbating factor for
hypoxemia.

However, even in the same patient, areas with CT
consolidation may demonstrate albumin uptake
or not. As the albumin diffusion flux throughout
the injured vessels may be reduced when the inter-
stitial pressure increases, this apparent discrep-
ancy might be explained by the coexistence of
lesions of different ages and/or evolutionary phase.

One intriguing finding is that some supposed nor-
mal areas (i.e. looking free of COVID-19 involve-
ment at CT) appeared less perfused and less
ventilated than COVID-19-related ‘healed’ areas
that present normal or enhanced perfusion. In
LVPS, in the absence of pulmonary embolism,
most of these latter segments should rather appear

both hypoventilated and hypoperfused, which
would be consistent with (1) the filling of alveoli
and alveolar ducts with fibrinous, spindle-shaped
fibroblasts and myofibroblasts that later form
granulation tissue seen in organizing pneumo-
nial:28 and/or COVID-195 and (2) with the inter-
stitial edema perturbating the microvasculature
function. These normally or relatively hyperper-
fused segments (compared with healthy seg-
ments) are very different from the typical
inflammatory peripheral halo around SARS-
CoV-2 pneumonia areas described on dual-
energy CT® and shown in Figure 2 on which the
hypervascularization affects the boundaries of
these lesions and not the core of the CT consoli-
dation area.

The relative hypoventilation and hypoperfusion
of noninvolved segments may also suggest direct
bronchoconstriction and vasoconstriction as no
mucous plugging was observed by LVPS in
these paradoxical segments to suspect an adap-
tative vasoconstriction. Bronchial constriction
out of pathological segments has been known
from decades for pulmonary embolism.29-3!
Vasoconstriction might also be a secondary
effect of the SARS-CoV-2 virus action, which
targets the ACE2 receptor and then perturbates
the local renin/angiotensin regulation.26:32 At
the beginning of viral invasion by SARS coV-2,
it has been suggested that the initial hyperhemia
inducing alveolar damage in affected segments
might be associated with a loss of local hypoxic
vasoconstriction,®26:33:3¢ Jeading to a right-to-
left shunt effect.

Study limitation

We deliberately chose to enroll very selected
COVID-19 patients, with the fewest confound-
ing factors (i.e. pulmonary embolism, heart
failure), to better understand the clinical dete-
rioration of non-critically ill patients. The
worldwide pandemy of SARS-CoV-2 pneumo-
nia raised physiopathological questions that
were also probably relevant for other forms of
ARDS and/or organized pneumonia.
Unfortunately, those forms of ARDS were not
similarly investigated. We were not able to
include a control group of non-COVID-19
patients, and, to our knowledge, nobody
reported combined lung perfusion/ventilation
and albumin uptake studies in non-COVID-19
ARDS. Nevertheless, it is likely that our results

journals.sagepub.com/home/tar


https://journals.sagepub.com/home/tar

Therapeutic Advances in Respiratory Disease 16

are not specific to SARS-CoV-2 pneumonia
and might be found in ARDS related to other
pneumonia. Further studies with larger series
must be driven to compare COVID-19 and
non-COVID-19 ARDS and to better assess
prognostic factors.

Conclusion

In non-critically ill patients hospitalized for
COVID-19 presenting with an increase in oxy-
gen requirement and without any evidence for
pulmonary artery embolism, LV dysfunction or
lung superinfection, we observed (1) an albu-
min retention in some consolidated COVID
segments in 60% of patients, suggesting micro-
vasculature/alveolar-epithelial barrier damage
and (2) inconsistencies in lung segments vascu-
larization in 35% of patients suggesting a dys-
regulation of the balance in perfusion between
segments affected by COVID-19 and others.
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