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Microvascular Injury With Secondary Edema, Bronchoconstriction
and Vasoconstriction of Non-involved Lung Parenchymal
Segments May Contribute to Clinical Deterioration of Non-critically
Ill Patients Hospitalized for SARS-CoV-2 Pneumonia Without
Evidence of Pulmonary Embolism: A Preliminary Study.
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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.

Methods: We consecutively enrolled patients without clinical or biological evidence for superinfection, without left ventricular (LV)
dysfunction and for whom a pulmonary embolism was discarded by computed tomography pulmonary angiography. We investigated
lung ventilation and perfusion (LVP) by LVP scintigraphy, and, 24 hours later, left and right ventricular function by 99mTc-labelled
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 13 patients with con�rmed SARS-CoV-2 pneumonia. All had CT evidence of organizing pneumonia and normal LV
ejection fraction.

No patient demonstrated preserved ventilation with perfusion defect (mismatch), which may eliminate a distal lung thrombosis.
Patterns of ventilation and perfusion were heterogeneous with sometimes healthy lung segments paradoxically hypoperfused and
hypoventilated while both normal perfusion and ventilation were maintained in segments with organizing pneumonia (n=4). Lung
albumin retention in area of organizing pneumonia was observed in 9 patients, indicating microvascular injuries, vessel permeability
increase and secondary edema.

Conclusion: In hospitalized non-critically ill patients without pulmonary embolism or LV dysfunction, various types of damage may
contribute to clinical deterioration including microvascular injuries and secondary edema, broncho and vasoconstriction of area not
involved by organizing pneumonia while no evidence was found for signi�cant distal thrombosis detectable by LVP scintigraphy.

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 computed 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. On the other hand, some patients have a good tolerance of hypoxemia despite CT images suggestive of extended
organizing pneumonia (« happy hypoxemic » patients) [1, 2].

In order to explain these puzzling discordances between clinical presentation and imaging, and particularly the occurrence of a
progressive deterioration in respiratory condition, a wide use of CT pulmonary angiography (CTPA) has been proposed to possibly
detect pulmonary embolism. However, whether or not SARS-CoV-2-related pneumonia signi�cantly increases the risk of venous
thromboembolism remains unclear [3, 4].

Other hypotheses have emerged, including a vasculitis/endothelitis and thrombo-in�ammatory process [5, 6] potentially associated
with local peripheral thrombosis undetected by conventional CTPA. This « vasculocentric » approach is consistent with the observation
of arterial vessels enlargement at CT [7, 8] and the potential loss of hypoxemia-related vasoconstriction in infected tissues [7, 9].
Furthermore, a loss of distal microvasculature and scars of intra-alveolar deposit of �uid, �brin and hyaluran, disrupted alveolar
capillaries with platelet-�brin microthrombi were also reported in pathology series [10]. However, these autopsy �ndings that reported
endothelitis and alveolitis were performed in ultimately ill SARS-CoV-2 pneumonia [8, 10] but it is unclear if these damages may also
occur in non-critically ill patients. Furthermore, the reduction of distal microvasculature does not necessarily imply microvessel
thrombosis, as the in�ammatory 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, �nally resulting in a
drop of oxygen transportation and arterial blood �ow. To our knowledge, such an edema in non-critically ill patients has never been
evidenced in vivo. Additionally, the attenuation of small blood vessels is not speci�c of SARS-CoV-2-related pneumonia and occurs in
any community-acquired pneumonia [11, 12]. Indeed, studies of CTPA combined with arti�cial intelligence [11, 12] have shown a
lessering of pulmonary micro-vessels (below 5 mm2) 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 [11].

To better understand the complex relationships between alveolar ventilation, pulmonary vascularization and interstitial edema related
to abnormal permeability, we prospectively investigated non-critically ill COVID-19 patients admitted for a sudden clinical deterioration,
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or suddenly worsening during hospitalization, without clinical evidence for left ventricular dysfunction or lung superinfection and for
whom pulmonary embolism was discarded by CTPA. Lung ventilation/perfusion was evaluated by lung ventilation/perfusion
scintigraphy (LVPS) and we used 99mTc-labelled albumin gated-blood-pool scintigraphy (GBPS) for evaluation of left and right systolic
function and detection of interstitial edema related to abnormal capillar permeability.

Methods
Patients

Non-critically ill patients hospitalized in the COVID-19 Unit of the Centre Hospitalier Princesse Grace of Monaco 1/ presenting with a
sudden clinical deterioration de�ned by a respiratory rate impairment and/or a rise of oxygen �ow to reach a peripheral capillary
oxygen saturation (SpO2) of more than 95% during at least 48 hours and 2/ for whom a diagnosis of pulmonary embolism was
discarded by CTPA, were prospectively included. 

COVID-19 was con�rmed according to the WHO guidance [13] by a positive result of RT-PCR assay of nasal and pharyngeal swabs,
peripheral pulmonary ground-glass opacities (GGO) or air-space consolidation on their chest CT scan at admission and common
laboratory �ndings including lymphocytopenia, eosinopenia, signi�cantly elevated markers of organ in�ammation such as �brinogen
and C-reactive protein [14]. Patients could not be included if their medical condition was unstable or precluded a safe transfer to the
nuclear medicine department, if they were under mechanical ventilation (either non-invasive or invasive), if they required critical care
unit, or in case of a pregnancy. The institutional review board for human studies approved the protocol and a written consent was
obtained from all patients. Personal protective equipment was available for the staff, and all measures to ensure strict infection
prevention were observed according to established guidance [15]. 

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 (SUREexposureR), rotation time 0.5
seconds, pitch factor 0.81. Axial reconstructions were performed with a matrix size 512 × 512 with a hard convolution kernel FC35,
appropriate for lung exploration, with 1mm slice thickness and 0.8 mm slice spacing. The same procedure was used after contrast
agent administration with a hard convolution kernel « bodysharp » 1mm/0.8 mm and intravenous administration of Optiject 350
(Guerbet, Villepinte, France), 50ml at a �ow of 4ml/s.

LVPS  :

LVPS  imaging was performed within 24hrs after CTPA, in accordance with the recommendations of the European Association of
Nuclear Medicine (16,17) using a large-�eld-of-view dual-head gamma-camera with a low-energy, all-purpose collimator (WEHR45) was
used (Discovery NM/CT 870 CZT General Electric). Four hundred and ten MBq of Technegas (Cyclomedica Ltd, Waterdown, Ontario,
Canada) were inhaled and ventilation tomography was performed thereafter. Then, while the patient was carefully maintained in the
same supine position, 185MBq 99mTc-macroaggegates ((Pulmocis; Curium, Paris, France) were slowly injected intravenously followed
by the perfusion tomography (18,19). 

All acquisitions were performed with body contour in a 128×128 matrix, zoom 1 with 60 projections over 360 degrees. For the
ventilation study, each step was of 20s duration, and for the perfusion study, 15s duration were used for each step. Reconstruction was
performed using ordered subsets expectation maximization with 10 subsets and 2 iterations and the resolution recovery option.

A combined CT acquisition was performed at 120kV with the smart mA tube current modulation (Min 30mA / Max 120mA / noise
index up to 20), rotating time 0.7s, a pitch of 1.375 and a matrix size 512x512. The slice thickness acquisition was 2.5mm/2.5mm
(collimation=16x1.25mm) and a post reconstruction with lung �lter and 1.25mm/1.25mm was done. The mean values were for
CTDIvol = 5.1 mGy and for DLP =191 mGy.cm.

The ventilation study was performed in a room speci�cally 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 institutional procedures.

99mTc-albumin GBPS :
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The day following LVPS, 740MBq of Tc99m labeled albumin (Vasculocis 10mg, CIS-BIO International, Gif sur Yvette, France),  were
intravenously administered.

Cardiac GBPS was then performed in best septal left anterior oblique (around 30°) and left pro�le according to the following
parameters: 128x128 matrix, 5000 Kcts, 16 bin zoom x2. Left and right ejection fraction (LVEF, RVEF) were automatically computed
using a dedicated software (XTERNA, Xelerix 3, General Electric).

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

Scintigraphic data management.

Visual analysis :

According to the ventilation and perfusion pattern of the pulmonary segments, each patient was classi�ed into 1-“normal” when LV and
PS demonstrated a normal and homogenous uptake, 2-“abnormal and matched” when both LV and LP were similarly altered,
3-“regularly mismatched” in case of hypoperfusion but normal ventilation and 4-“reversely mismatched” in case of hypoventilation but
normal perfusion.

Furthermore, perfusion and ventilation of COVID-19 involved area were compared to those of “normal” area to detect the presence or
paradoxically hypoperfused and hypoventilated normal segments. For quantitative analysis, area with patent emphysema on CT were
systematically excluded.

Quantitative analysis :

On the CT acquired with LVPS, a circular ROI of at least 1 cm3 was drawn over an area free of CT, perfusion and ventilation
abnormalities, preferentially in the upper lobe if possible. This area was considered as a reference area and the average counts
extracted from the perfusion, the ventilation and the late albumin (Alb) scans were computed, de�ning the reference LV, PV and Alb
counts. A similar area was drawn on the three (if available) most signi�cant COVID19 CT abnormalities (round glass opacities or
organizing pneumonia) and the same measurements were computed for each tomographic acquisition. The highest value was
retained, de�ning respectively the LV, PS and Alb pathological counts. An index of pathological uptake was then de�ned for each
method as the ratio of the pathological counts over the corresponding reference counts, de�ning 3 indexes : ventilation index (VI),
perfusion index (PI) and albumin index (AI). In healthy patients, perfusion indexes obtained by PI and AI 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 series of
10 patient presenting with cardiogenic pulmonary edema, free of pulmonary infection and investigated by LVPS and GBPS, an albumin
retention was considered signi�cant when the ratio AI/PI was equal or above 1.7 (mean value +2 standard deviation of the non-infected
patients).

Adjudication committee classi�cation for patients’short-term clinical outcome:

An expert panel was launched to adjudicate patients’ short-term clinical outcome. The expert panel consisted of 3 physicians
experienced in intensive care, pulmonology, and emergency medicine and involved in the management of COVID-19 patients. To
adjudicate each case, 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. Patients’ short-term
clinical outcome during hospitalization was classi�ed as follows: worsening, stability, or improvement.

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 variables: worsening or stability vs improvement in the 15 following days, delay to the
recovery of a 95% or more SpO2 in ambient air below vs above 15 days, hospitalization duration below vs above 15 days. 

The prognostic value of the extent of CT abnormalities, a RVEF below vs above 50%, a signi�cant albumin uptake (AI/PI) above or
equal to 1.7, and the presence and/or number of paradoxically hypoventilated and hypoperfused normal segments were evaluated by
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Fisher’s exact test and Mann Whitney U test.

Results
Patients

Fourteen patients were prospectively included; one was secondarily excluded because symptom onset began 2 months ago and
clinical deterioration retrospectively appeared to be related to left ventricular heart failure. Population characteristics (12 male, one
female: patient #5) are summarized in Table I. All patients were infected with the B 1.1.7   variant.

No patient received oxygen therapy before inclusion except patient #2 who received long term oxygen therapy (2L/min) for chronic
obstructive pulmonary disease.

Nine patients were included because they required an increase in oxygen delivery from baseline status, 2 because a pulmonary
thrombosis was suspected because of sudden hypoxemia and D-dimer increase (patients #6 and #8), 2 because oxygen therapy could
not be withdrawn despite a moderate and stable involvement at CT.

All patients received corticosteroids, anticoagulant therapy doses were prophylactic in 11 patients, and full intensity in 2 because of a
past history of venous thrombo-embolism (patients #9 and #12). Only 2 patients received anti-IL6-R therapy (Tocilizumab, patients #1
and #3). No patient experienced any secondary bacterial infection. The extent of CT abnormalities ranged from 10 to 70%. 

The delay to recovery of a 95% or more SpO2 in ambient air was 15 days or less in 8 patients and 2 months or more for the remaining 5
patients. Six patients were hospitalized for more than 15 days. Biological data are summarized in Table II.

LVPS.

No patient demonstrated pulmonary segments or sub-segments with both preserved ventilation and hypoperfusion (mismatch) that
could be suggestive of distal thrombosis. 

Perfusion and ventilation patterns were very heterogeneous from one patient to another but also within a same patient, among whom
different patterns coexisted.

Three patients had normal LVPS. Six patients had concordant hypoventilated and hypoperfused segments or sub-segments (match), 2
in the area of pre-existing emphysema, 5 in the area of COVID-19 involvement. One among the �ve latter patients and 5 other patients
had a reverse mismatch (segments or subsegments hypoventilated but without any perfusion defect). The pattern of ventilation and
perfusion was very heterogeneous in 4 patients, demonstrating paradoxical concordant segments with hypoperfusion and
hypoventilation in areas visually free from COVID19-involvement whereas both perfusion and ventilation were preserved in COVID19-
involved segments. In one case, a peripheral halo of hyperperfusion surrounding the COVID-19 involvement was seen on LVPS (Fig. 1).
Those 4 patients had no past history of asthma.

Among 260 segments, 17 had matched abnormalities, 11 had a reverse mismatch, 15 segments free from COVID 19-involvement had a
paradoxical matched hypoperfusion and hypoventilation, and 217 were normally ventilated and perfused. Three patients had
tracheobronchial tract uptake of TechnegasR. 

GBPS.

Nine patients showed a signi�cant late pulmonary uptake of albumin in at least one COVID-19 area (Table 2 and Fig. 2). The patient
secondarily excluded because of heart failure also demonstrated a signi�cant albumin uptake, suggesting that SARS-CoV-2-
pneumonia might have previously altered the capillary barrier.

All patients had a normal LVEF (above 55%) while 7 had a decreased RVEF (below 50%).

Among the parameters evaluated for prognosis and de�ned above in the statistical section, none were associated with the short term
clinical outcome (all p > 0.10).

Discussion
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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 mismatch, which may eliminate distal thrombi and 3/ very heterogenous patterns
of ventilation and perfusion abnormalities with sometimes healthy lung segments paradoxically hypoperfused and hypoventilated
while both perfusion and ventilation were preserved in segments with organizing pneumonia.

The injection of microspheres upstream in an organ is a reference experimental method to measure downstream tissular blood �ow.
Usually, this method requires very well calibrated microspheres and a sampling of the target tissue. Perfusion scintigraphy uses less
well calibrated 99mTc labelled-albumin microspheres (around 50 µm and always less than 100 µm) and the external detection with a
gamma-camera is not as accurate as a tissue sampling. Nevertheless, for a clinical use, PS is considered the best method to detect
small distal pulmonary embolism and its results can be considered as a surrogate of lung vascularization evaluation. LVPS has been
previously used in SARS-CoV-2 pneumonia to discard pulmonary embolism when CTPA was not indicated [20, 21, 22] or to evidence
tracheobronchitis [23]. Furthermore, in case of normal CTPA and typically abnormal LVPS (i.e area with preserved ventilation and
perfusion defect), impairment of distal vasculature might be detected whatever the mechanism (very distal and small pulmonary
embolism or local thrombosis). Another way to evaluate local 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 70000 da), 99mTc-labelled albumin ful�lls this
criterion. Therefore, it might be expected that the perfusion phase of LVPS and 99mTc-albumin exhibit concordant data about
pulmonary arterial blood �ow. In case of an enhanced uptake of albumin in COVID-19-involved areas compared to PS estimation of the
blood �ow, as evaluated by the AI/PI ratio, a leakage of albumin out of the pulmonary capillaries as a consequence of abnormal
capillaries permeability and endothelial dysfunction could be strongly suggested, as it has been described both in acute respiratory
distress syndrome (Herrero) and in genetically modi�ed mice permanently expressing the human angiotensin converting enzyme 2
receptor (ACE2) and infected with SARS-CoV-2 [24]. These capillaries 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 in�ammation, interstitial and peri-vascular edema impairs the functional
vascularization and tissue oxygen delivery, whatever the amount of microvessels involved. Indeed, the oxygen delivery is driven by a
facilitated diffusion mechanism (the combination of a concentration and a pression gradient), and what increases the interstitial
pressure decreases the oxygen diffusion throughout the microvessel walls. In myocardial sarcoïdosis, rest myocardial perfusion
abnormalities due to myocardial in�ammation are common and improved by the use of vasodilators, at least in the early phase of the
disease, before late �brosis �xes the abnormalities [25]. In oncology, the increase in peripheral tumor vasculature leads to a poor
functional e�cacy in oxygen transportation because microvessels are immature and exhibit tight junction abnormalities, and plasma
leakage induces an elevation of the interstitial pressure, resulting in central tumor necrosis. Furthermore, the use of antiangiogenics
has been reported as reducing tumor hypoxia by suppressing these pathological vessels. In other words, although it is not surprising
that the hypoxic status is very dependent on the in�ammatory pulmonary phase of the disease, the extent of this in�ammation, as
evidenced by 18FFDG PET studies, does not summarize the prognosis [26] and the participation of microvessel-damage-related edema
is probably an exacerbating factor that can be evidenced by 99mTc-labelled albumin. This perivascular edema raises questions about
the interpretation of the enlarged vessels seen on CT. It has been suggested that these images were related to a persisting increase in
vessel blood �ow of COVID-19-involved area, but our data do not support this hypothesis and rather suggest that visually enlarged
vessels are due to a wall and intertitial edema, reducing oxygen transportation.

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

One intriguing �nding is that some supposed normal areas (i.e. looking free of COVID-19 involvement at CT) appeared less perfused
and less ventilated than COVID-19-related “healed” areas that appeared normally perfused. In LVPS, in the absence of pulmonary
embolism, most of these latter segments should rather appear both hypoventilated and hypoperfused, which is consistent - with the
�lling of alveoli and alveolar ducts with �brinous, spindle-shaped �broblasts and myo�broblasts that later form granulation tissue seen
in organizing pneumonia [1, 27] and/or COVID-19 [5] -and with the interstitial edema perturbating the microvasculature function. These
“normally perfused” images are very different from the typical in�ammatory peripheral halo around SARS-CoV-2 pneumonia areas
described on dual–energy CT [7] and shown on Fig. 1 on which the hypervascularization affects the boundaries of these lesions and
not the core of the CT consolidation area.
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Bronchial constriction out of pathological segments has been known from decades for pulmonary embolism [28, 29, 30]. In a
pulmonary embolism, bronchoconstriction is mediated by hypocapnia induced by hyperpnea and tachypnea that can also be observed
in SARS-CoV-2 pneumonia. 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 [24, 31]. At the beginning of viral invasion by SARS coV-2, it has
been suggested that the initial hyperhemia associated with a loss of local hypoxic vasoconstriction induce alveolar damage, featuring
edema or even haemorrhage [6, 24, 32, 33], leading to a right-to-left shunt effect. A re�ex vascular and bronchial constriction out of
these involved areas might increase the dead space, reduce the functional lung capacity, and impair the compensatory respiratory
capacity thus contributing to worsen hypoxia. It must be emphasized that our patients did not demonstrate clinical or biological
evidence of lung superinfection despite three of them had tracheobronchial tract uptake of TechnegasR that could suggest
tracheobronchitis as previously reported [23, 34].

Study limitation.

In this preliminary prospective study, the limited size of our series with respect to the numerous and various patterns of lung edema,
ventilation and perfusion abnormalities that we evidenced does not allow identi�cation of a prognostic factor and further studies must
be driven to assess this point. Nevertheless, in our pathophysiologic purpose, we deliberately chose to enrol very selected patients, with
the fewest confounding factors (i.e.pulmonary embolism, LV failure ..). Then the heterogeneous patterns we observed are probably
representative of the multifactorial impact of SARS-CoV-2 on lungs of non-critically ill patients and emphasize the polymorphism of the
symptoms resulting from different mechanisms at different stages of evolution. Even if the size of this series does not allow us to
de�nitively conclude, the absence of evidence for distal arterial thrombosis raise the question about the appropriate management of
preventive anticoagulation.

Conclusion
In a limited series of non-critically ill patients hospitalized for COVID-19 presenting with an increase in oxygen requirement and without
any evidence for pulmonary artery embolism, LV dysfunction or lung superinfection, we investigated the relationship between
ventilation, perfusion and damage of the alveolar-epithelial barrier as assessed by albumin retention. We observed a large
heterogeneity of ventilation, perfusion and microvasculature impairments, among the CT lesions evocating an organizing pneumonia,
even within the same patient but without evidence of distal thrombosis. Albumin retention suggesting microvasculature/alveolar-
epithelial barrier impairment and strong arguments for paradoxical bronchoconstriction and vasoconstriction of area that do not
present parenchymal consolidation have been observed and may represent a signi�cant worsening factor of baseline respiratory
a�iction.
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Tables
Table I : Patients clinical characteristics. 
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Patient
#

Age

(y)

Delay to
clinical
deterioration
since
symptom
onset (d)

Respiratory
rate (/min)

Increment
in O2
(l/min)

Hospitalization
duration (d)

Extent of
COVID
involvement
at baseline
CT (%)

Co-
morbidity

Delay to
95%
SpO2
recovery
(d) /
residual
O2
therapy
(l/min)

Clinical
evolution

1 77 12 24 6 32 20 HT, FA > 60 / 1 W (ICU)

2 80 10 16 7 28 10 COPD,
CAD, RD,
HT

60 / 0 S

3 54 24 16 5 20 70 BMI, HT > 60 / 1 I

4 87 15 22 5 45 40 CAD 60 / 0 S

5 61 13 21 1 8 20 HT 4 / 0 I

6 68 15 20 5 16 30 BMI 13 / 0 S

7 85 9 28 6 16 40 HT, BMI,
DM

> 60 / 1 I

8 79 10 16 2 6 15 DM, AF,
HT, CAD

4 / 0 I

9 61 14 22 4 10 25 0 10 / 0 I

10 52 10 24 5 10 20 0 9 / 0 I

11 86 15 12 4 10 60 HT 9 / 0 I

12 40 10 22 5 10 60 BMI, Asth 9 / 0 I

13 54 12 20 1 5 10 BMI,
CAD,
Asth

3 / 0 I

Median* 68 12 21 5 10 25     WP : 4
(31%)

IQR* 26 5 6 1 10 20     I : 9
(69%)

CT= Computed Tomography, W= Worsening, ICU= intensive Care Unit, I= Improvement, S= Stability, HT = Hypertension, AF= Atrial
Fibrillation, BMI= Body Mass Index >30, DM= Diabetes Mellitus, Asth= asthma, CAD= Coronary Artery Disease, COPD= Chronic
Obstructive Pulmonary Disease, RD = Renal Dysfunction, 0 = none, IQR = Interquartile Range, * Median / IQR or number and percentage
if appropriate.

Table 2. Patients biological and scintigraphic data.
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Patient
#

CRP
(mg/L)

Fibrinogen
(g/L)

D-dimer
(mg/L)

Leucocytes
(/µL) 

Procalcitonin
(mg/L)

LVEF
(%)

RVEF
(%)

Scintigraphic
pattern 

(number of
segments)

AI/PI Albumin
uptake

1 45.6 4.67 228 8.32 0.13 59 40 M (1), RMI
(1),PMN (0),
N(18)

2.9 +

2 93.2 7.29 2007 5.51 0.78 75 71 M (7), RMI
(2),PMN (3),
N(8)

1.9 +

3 0.6 2.26 437 6.68 0.03 58 55 M (2), RMI
(0),PMN (0),
N(18)

2.3 +

4 75.3 4.34 6758 6.89 0.15 60 55 M (0), RMI
(0),PMN (0),
N(20)

1.5 -

5 8.2 3.60 762 4.72 0.10 72 45 M (2), RMI
(0),PMN (0),
N(18)

14.4 +

6 26.3 4.53 782 10.63 0.06 64 60 M (0), RMI
(5),PMN (0),
N(15)

1.8 +

7 178.0 6.08 4360 6.39 0.17 59 67 M (1), RMI
(0),PMN (7),
N(12)

1.3 -

8 41.5 4.74 1511 3.46 0.11 56 39 M (0), RMI
(0),PMN (0),
N(20)

2.3 +

9 6.2 4.29 785 8.70 0.05 62 36 M (0), RMI
(0),PMN (2),
N(18)

1.7 +

10 19.0 3.50 1288 8.84 0.06 58 49 M (0), RMI
(0),PMN (0),
N(20)

1.5 -

11 20.9 3.64 655 9.09 0.07 63 49 M (2), RMI
(0),PMN (3),
N(15)

1.5 -

12 118.0 6.88 509 4.29 0.12 60 43 M (1), RMI
(3),PMN (0),
N(16)

1.7 +

13 1.7 3.51 215 7.73 0.04 65 64 M (1), RMI
(0),PMN (0),
N(19)

1.8 +

Median
*

26.3 4.30 782 6.89 0.10 60 49   1.8 + : 9
(69%)

IQR 67.1 1.14 1002 3.19 0.07 5 17   0.8 - : 4
(31%)

CRP= C-Reactive Protein. LVEF = Left Ventricular Ejection Fraction, RVEF = Right Ventricular Ejection Fraction, M= match (segments
with concordant altered perfusion and ventilation), RMI= reverse mismatch (hypoventilated segments with preserved perfusion), PMN :
paradoxically matched (hypoperfused and hypoventilated normal segments), N =Normally perfused and ventilated segments. AI/PI :
Albumin Index/ Perfusion Index. IQR = Interquartile Range, * Median / IQR or number and percentage if appropriate.

Figures
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Figure 1

Patient #2. Left row : From top to bottom, perfusion scan, ventilation scan, CT scan. The blue/red cross indicates a non COVID19-
involved area of the right Fowler lobe, with paradoxically matched hypoperfusion and hypoventilation while the COVID19-involved area
of the right superior lobe just in front is normally perfused with a slightly hyperperfused peripheral halo (red arrow). Middle row : From
top to bottom, CT scan, albumin scan and CT+albumin fusion scan. COVID19 condensation of the right base (blue/red cross) with
signi�cant albumin uptake and moderate pleural effusion behind. There is also a moderate albumin uptake of the left inferior lobe.
Right row : From top to bottom, CT scan, albumin scan and CT+albumin fusion scan. The moderate albumin uptake in the area of the
peripheral halo of the COVID19-involved area in the right superior lobe (red arrow) is related to the corresponding hyperperfusion.
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Figure 2

Patient #7. Left row : From top to bottom, CT scan, perfusion and ventilation axial slices. The blue/red cross indicates a non COVID19-
involved sub-segment of the right inferior lobe, with paradoxically matched hypoperfusion and hypoventilation while the COVID19-
involved area just behind is normally ventilated and perfused. Middle row : From top to bottom, CT scan, perfusion and ventilation
coronal slices. Right row : From top to bottom, fused CT and albumin scan : coronal, axial and sagittal slices of the same area. The
condensed area related to COVID19 involvement just above and behind the COVID19-free area demonstrate a signi�cant albumin
uptake (displayed in green) that is also present in the left inferior lobe (red arrow).


