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Purpose: In coronavirus disease 2019 (COVID-19) patients, clinical manifesta-
tions as well as chest CT lesions are variable. Lung scintigraphy allows to assess
and compare the regional distribution of ventilation and perfusion throughout the
lungs. Our main objective was to describe ventilation and perfusion injury by
type of chest CT lesions of COVID-19 infection usingV/Q SPECT/CT imaging.
Patients and Methods: We explored a national registry including V/Q
SPECT/CT performed during a proven acute SARS-CoV-2 infection. Chest
CT findings of COVID-19 disease were classified in 3 elementary lesions:
ground-glass opacities, crazy-paving (CP), and consolidation. For each type
of chest CT lesions, a semiquantitative evaluation of ventilation and per-
fusion was visually performed using a 5-point scale score (0 = normal to
4 = absent function).
Results:V/QSPECT/CTwas performed in 145 patients recruited in 9 nuclear
medicine departments. Parenchymal lesions were visible in 126 patients
(86.9%). Ground-glass opacities were visible in 33 patients (22.8%) and were
responsible for minimal perfusion impairment (perfusion score [mean ± SD],
0.9 ± 0.6) and moderate ventilation impairment (ventilation score, 1.7 ± 1);
CP was visible in 43 patients (29.7%) and caused moderate perfusion impair-
ment (2.1 ± 1.1) and moderate-to-severe ventilation impairment (2.5 ± 1.1);
consolidation was visible in 89 patients (61.4%) and was associated with
moderate perfusion impairment (2.1 ± 1) and severe ventilation impair-
ment (3.0 ± 0.9).
Conclusions: In COVID-19 patients assessed with V/Q SPECT/CT, a large
proportion demonstrated parenchymal lung lesions on CT, responsible for
ventilation and perfusion injury. COVID-19–related pulmonary lesions were,
in order of frequency and functional impairment, consolidations, CP, and
ground-glass opacity, with typically a reverse mismatched or matched pattern.
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C oronavirus disease 2019 (COVID-19) is an infectious disease
caused by SARS-CoV-2.1 Clinical manifestations of this dis-

ease are variable and range from incidental finding in asymptomatic
patient to acute respiratory injury.2 CT is frequently performed dur-
ing this infection to evaluate lung lesions extent or to look for com-
plication such as pulmonary embolism (PE). Morphological lung
alterations caused by COVID-19 disease are now well described3

and seem to be variable from a patient to another but also in the same
patient with possible temporal evolution.4,5 Most observed lesions are
ground-glass opacities (GGOs), crazy-paving (CP) lesions, or pulmonary
consolidations. Younger adults more commonly have GGOs, whereas
extensive/multilobar involvement with CP or consolidations is prevalent
in the older population and in patients with severe disease.6,7 However,
although a high extent of lung lesion is correlated with a worse progno-
sis,8 there are currently no imaging biomarkers able to predict CTevolu-
tion of lesions and clinical outcomes at the early stage of the disease.

Although chest CT findings of COVID-19 disease are well
known, their functional consequences are far less so. Metabolic or
functional imagingmodalities are not routinely used to predict or as-
sess the severityof the infection.At thebeginningof thepandemic, thebest
approach for performing lung ventilation/perfusion (V/Q) scan was an ac-
tive source of debate, which may partly explain its low use in COVID-19
patients. However, improved pulmonary function evaluation may poten-
tially improve assessment, treatment, and follow-upofCOVID-19patients.
V/Q scan seems as a tool of choice for a functional and noninvasive eval-
uation of regional lung function.9 SPECT/CT may allow both to identify
parenchymal COVID-19 lung lesions onCTand to locally evaluate the re-
percussions on ventilation and lung perfusion. To date, there are only
sparse data on the direct impact of lung lesions observed during the infec-
tion on ventilation and pulmonary perfusion.10–12

The main objective of this work was to describe and compare
ventilation and perfusion injury by type of chest CT lesions of
COVID-19 infection using V/Q SPECT/CT imaging.
PATIENTS AND METHODS

Design and Patient Selection
This study is a retrospective central analysis of V/Q SPECT/

CT scans included in a national registry powered by pulmonary
working group on lung scintigraphy. The national registry collected
lung scans performed in patients with confirmed COVID-19 infec-
tion (based on RT-PCR or antigen test) for suspected acute pulmo-
nary embolism between March 2020 and April 2021. The protocol
was approved by the nuclear medicine research ethics committee
(CEMEN 2021-01). Informed consent was obtained from all partic-
ipants. Description of the registry and collection of data were de-
tailed in a previous work.13
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V/Q SPECT/CT Central Review
In each center, lung scans were performed on hybrid gamma

cameras able to perform low dose CT. Lung perfusion was performed
after administration of 99mTc-labeled human albumin (99mTc-MAA).
Ventilation was performed after inhalation 99mTc-Technegas or kryp-
ton gas (81mKr) according to local facilities.13

A centralized retrospective review of V/Q SPECT/CT scans
was performed by a physician blinded to clinical information.
Low-dose chest CT scans, performed during the SPECT/CT ac-
quisition, were analyzed according to the Radiological Society
of North America Expert Consensus Statement on reporting
chest CT findings related to COVID-19,4 to identify lesions and
specify their extent. Three type of predominating elementary le-
sions were identified during COVID-19 infection and classified
as follows14:

• GGO defined as an area of increased attenuation in the lung on
CTwith preserved bronchial and vascular markings.
FIGURE 1. Description of the 5-point scale used for ventilation and
visible, perfusion and ventilation were independently evaluated us
to a mild impairment, 2 to a moderate impairment, 3 to a severe
pulmonary perfusion scoring related to CT lesions visible on lowe
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• Crazy-paving lesions defined as increased density of lung paren-
chyma, with a ground-glass appearance, superimposed on a retic-
ular thickening of the interlobular and intralobular septa.

• Consolidation, which refers to filling of the pulmonary tree with
material that attenuates x-rays more than the surrounding lung
parenchyma.

The overall extent (<10%; 10%–25%; 25%–50%; 50%–75%;
>75%) and predominant location (subpleural, intermediate, or
perihilar) of lesions were visually assess.

For each type of CT lesions, a qualitative evaluation of per-
fusion and ventilation was visually performed. Ventilation and
perfusion were independently graded using a 5-point score based
on a visual grading scale compared with normal uptake on healthy
area (see Fig. 1: 0 = normal function, 1 = mild impairment, 2 =
moderate impairment, 3 = severe impairment, 4 = absent func-
tion). This visual grading scale was adapted from the visual index
proposed by Meyer et al15 to quantify the pulmonary vascular
perfusion semiquantitative evaluation. WhenCT lesions were
ing visual score. Score 0 corresponds to a normal function, 1
impairment, 4 to an absent function. Images are related to
r lobe (green arrows).
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obstruction score. In patients with heterogeneous pattern of ven-
tilation or perfusion for a type of CT lesion, the most representa-
tive score was recorded. Lung ventilation and/or perfusion were not
analyzed in areas without chest CT lesions of COVID-19 disease,
as there are many non–COVID-19 pulmonary conditions that may
cause functional alterations onV/Q imaging (eg, pulmonary embolism,
chronic obstructive pulmonary disease, asthma, non–COVID-19 pul-
monary infection).

Analysis and graphical representation of datawere performed
using R Studio (Version 1.3.1093).
RESULTS
Of the 183 COVID-19 patients included in the national regis-

try, 145 patients who underwent a complete scans were performed
in 9 nuclear medicine departments. Demographic data as well as
the main results of the central review are summarized in Table 1.
Pulmonary lung lesions related to COVID-19 disease were visible
on the low-dose CT in 126/145 patients (86.9%), and 38/145 patients
(26.2%) presented with an association of 2 or 3 type of lesions. Le-
sions were most often bilateral (84.9%). Predominant distribution
was subpleural (63.4%), peribronchovascular (9.2%), or mixed to-
pography (22.1%). The lesions were extended to 1% to 10%, 11%
TABLE 1. Description of the Population Explored With V/Q SPEC

Characteristics
Male, n (%)
Age, mean (SD)

Lesions, n (%)
GGOs, n (%)

Perfusion alteration score, mean (SD)
Ventilation alteration score, mean (SD)

CP, n (%)
Perfusion alteration score, mean (SD)
Ventilation alteration score, mean (SD)

Consolidation, n (%)
Perfusion alteration score, mean (SD)
Ventilation alteration score, mean (SD)

Lesion extension (expressed in % of total lung parenchyma), n (%)
Absence of visible lesions
<10%
11% to 25%
26% to 50%
51% to 75%
>75%

Location, n (%)
Subpleural
Intermediate
Perihilar

Anomalies visible on CT, n (%)
Chronic lung lesions (ie, emphysema and/or fibrosis lesions)
Pleural effusion
Pericardial effusion
Mediastinal adenomegalies
Cardiomegaly
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to 25%, 26% to 50%, 51% to 75%, and >75% of lung parenchyma
in 41/145 (28.3%), 50/145 (34.5%), 28/145 (19.3%), 6/145 (4.1%),
and 1/145 (0.7%) patient, respectively. In analysis per patient, 118
of the 145 patients (81.4%) presented perfusion anomalies and
122 (84.1%) presented ventilation anomalies caused by at least 1
type of COVID-19–related lung lesion. Analysis by lesion revealed
the presence of GGO in 33/145 patients (22.8%), CP in 43/145 pa-
tients (29.7%), and consolidation in 89/145 patients (61.4%). An
associative representation of ventilation and perfusion impairment
was proposed in Figure 2.

Ground-glass opacities (Fig. 3) were responsible for minimal
perfusion impairment (perfusion score [mean ± SD], 0.9 ± 0.6) and
moderate ventilation impairment (ventilation score, 1.7 ± 1.0).
These lesions were responsible for mismatched, matched, and re-
verse mismatched defects in 2/33 (6%), 11/33 (33%), and 20/33
(61%) patients, respectively. Crazy-paving lesions (Fig. 4) were re-
sponsible for moderate perfusion impairment (perfusion score,
2.1 ± 1.1) and moderate-to-severe ventilation impairment (ventila-
tion score, 2.4 ± 1.1). These lesions were responsible for mismatch,
match, and reverse mismatch, respectively, in 6/43 (14%), 18/43
(42%), and 19/43 (44%) patients. Consolidations (Fig. 5) were
responsible for moderate perfusion impairment (perfusion score,
2.1 ± 1.0) and severe ventilation impairment (ventilation score,
T/CT for PE Suspicion During Confirmed COVID-19 Infection

V/Q SPECT/CT

n = 145

67 (46.2)
71 (17)
126 (86.9)
33 (22.8)

0.85 (0.62)
1.67 (1.02)
43 (29.7)

2.12 (1.07)
2.44 (1.08)
89 (61.4)

2.04 (1.05)
2.97 (0.93)

19 (13.1)
41 (28.3)
50 (34.5)
28 (19.3)
6 (4.1)
1 (0.7)

85 (67.5)
29 (23.0)
12 (9.5)

32 (22.1)
29 (20.0)
5 (3.5)
13 (9.0)
32 (22.1)
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FIGURE 2. Representation of ventilation and pulmonary perfusion alteration associated with (A) GGOs, (B) CP, and (C)
consolidations visualized in patients during COVID-19 infection. Ventilation and perfusion were independently scored using
5-point scale (0 = normal function to 4 = complete amputation of the function) when pulmonary lesion was visible on CT. Green
area reflect V/Qmismatch (ie, Q alteration superior to V alteration), blue area reflect reverse mismatch (ie, V alteration superior
than Q alterations), and blue line correspond to match anomalies.

Clinical Nuclear Medicine • Volume 47, Number 8, August 2022 V/Q Injury Caused by COVID-19 Lesions
3.0 ± 0.9). These lesions were responsible for mismatch, match,
and reverse mismatch, respectively, in 2/89 (2%), 30/89 (34%),
and 57/89 (64%) patients.

Mismatched lung alteration (ie, injury predominating in
perfusion) was found in 10 patients, including 2 patients (6%)
with GGO, 6 (14%) with CP, and 2 (2%) with consolidations, re-
spectively. Of these 10 patients, the V/Q SPECT/CT scan was
previously interpreted as negative for PE by the 2 independent
readers in 9 patients because of the non–wedge-shaped pattern and
the presence of chest CT findings of COVID-19 lesions. The last
patient had perfusion mismatched defects both in areas with and
without chest CT findings of COVID-19 disease and was consid-
ered for having PE.
DISCUSSION
In this multicenter series of COVID-19 patients assessed with

V/Q SPECT/CT imaging for suspected acute PE, a large proportion
(86.9%) had parenchymal lung lesions on CT including in order of
frequency consolidation, CP, or GGO. Most of CT lesions were
associated with ventilation and perfusion alterations, with typ-
ically a reverse mismatched or a matched pattern. However, a
© 2022 Wolters Kluwer Health, Inc. All rights reserved.
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wide heterogeneity in the severity of lung perfusion and ventila-
tion alteration was observed within each type of chest CT finding of
COVID-19 lesion.

Ground-glass opacities were observed in 22.8% of patient
in our cohort. They are described to represent 44% of patient with
COVID-19 infection in CT series.6 Ground-glass opacities are the
most common imaging manifestations at 0 to 4 days16–18 and have
been described to reflect pulmonary edemawith hyaline membrane
formation.19 These lesionswere typically responsible for minimal per-
fusion impairment and moderate ventilation impairment. Crazy-
paving was visible in 29.7% of patient in our cohort, as compared
with 19.5% of patient with COVID-19 infection in CT series.6

Crazy-paving has been described to reflect temporal evolution
of GGO at 5 to 8 days.16–18 We typically observed a moderate per-
fusion impairment and a moderate-to-severe ventilation impairment
in these lesions. Finally, consolidations were observed in the majority
of patient of our cohort (61.4%). It seems to reflect the final evolution
of lesions and peaks between day 9 and 13 after the initial onset of
symptoms.16–18 In CT series, these lesions could be found isolated
(24.2%) or associated with GGO (44.4%). Consolidations were re-
lated with a moderate perfusion impairment and severe ventilation
impairment with, in some cases, total local amputation of ventilation
www.nuclearmed.com e543
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FIGURE 3. Illustration of GGOs visible during COVID-19 on V/Q SPECT/CT. Ground-glass opacities were visible on CT with
bilateral and mixed topography (both subpleural and peribronchovascular distribution). Lesions were not responsible for a
significant ventilation or perfusion impairment.

Bonnefoy et al Clinical Nuclear Medicine • Volume 47, Number 8, August 2022
and perfusion. Differences observed between our V/Q SPECT/CT se-
ries and chest CT series could be partly explained by the temporal evo-
lution of the lesions. As CT imaging is usually the first-line imaging
test in COVID-19 patients, we could hypothesize that V/Q SPECT/
CT scans were performed at a later stage of the disease or in case of
complications, which could explain the lower incidence of GGO and
similar rate of consolidations. Unfortunately, the time between the
beginning of the infection and the SPECT/CT acquisition was not
collected in the national registry.

Although large trends in lung functional consequences of
COVID-19 lesions could be identified, an important result of our
study is the wide heterogeneity of V/Q SPECT patterns for each
type of chest CT finding of COVID-19 disease, ranging from nor-
mal lung function to major ventilation and/or perfusion alteration.
In other words, V/Q SPECT imaging provides different information
e544 www.nuclearmed.com
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compared with CT imaging, which supports the concept of combin-
ing the morphological and functional approaches for lung function
assessment in COVID-19 patients. This also supports the preferen-
tial use of V/Q SPECT/CT imaging rather than planar acquisition in
COVID-19 patients.

Further studies are now needed to assess the clinical signifi-
cance and the prognostic value of lung function alterations. In par-
ticular, it would be of interest to assess whether functional impair-
ment is predictive of early complication, includingmicroangiopathy
and procoagulant state, or long-term disease. Indeed, SARS-CoV-2
survivors have been reported to experience long-term complica-
tions, such as lung pain, dyspnea, impaired exercise capacity, and
persistent lung lesions, identified as long COVID-19.20 Physiopa-
thology related with this evolution is still unclear and possibly re-
lated with pulmonary parenchymal or vascular sequelae after the
© 2022 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 4. Illustration of CP visible during COVID-19 on V/Q SPECT/CT. Crazy-paving lesions predominate in posterior regions
with bilateral and subpleural topography. These lesions caused mild impairment of perfusion and severe impairment of
ventilation.

Clinical Nuclear Medicine • Volume 47, Number 8, August 2022 V/Q Injury Caused by COVID-19 Lesions
infection. Similar to pulmonary embolism sequels evaluations,21,22

V/Q SPECT/CT may also be an interesting tool in the follow-up of
COVID-19 patients.23

Our study has some limitation. First, as the main outcome
was based on imaging findings, we did not correlate V/Q SPECT/
CT findings with clinical characteristics, neither with the time from
the beginning of patients’ infection to the examinations with V/Q
SPECT/CT or clinical outcomes. Second, as quantification with
SPECT is still delicate, a visual evaluation of ventilation and per-
fusion impairment was performed. However, visual analysis was
conducted using a standardized score based on a visual grading
scale, and quantification was adapted from the index proposed
by Meyer et al,15 which is considered as the reference to quantify
the pulmonary vascular obstruction score. Third, this evaluation
was performed by only 1 nuclear medicine physician, and we did
not assess the intraobserver agreement. Fourth, it is likely that this
study refers to the beta/gamma variants that were dominants in
our regions in the time frame of the study. Results may be slightly
different with other variants, such as the current omicron vari-
ant. Fifth, we did not perform V/Q assessment in areas without
COVID-19 abnormalities, as V/Q dysfunction in these areas may
result from various pulmonary conditions (PE, asthma, chronic
obstructive pulmonary disease). Accordingly, we could not assess
whether COVID-19 disease may cause lung V/Q defects in areas
without chest CT findings of COVID-19 disease. According to
the European Association of Nuclear Medicine guidelines for lung
scintigraphy9 or the French Society of Nuclear Medicine guideline
for lung scintigraphy protocols,24 the CT scans were performed as a
low-dose CT scan during continuous shallow breathing. Accordingly,
© 2022 Wolters Kluwer Health, Inc. All rights reserved.
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the CT scans do not fulfill quality criteria to be diagnostic. However,
optimization of acquisition and reconstruction parameters could en-
hance the diagnostic performance of the CT scans. Furthermore,
CP, GGO, and consolidations can be found in many different entities
and are not specific from COVID-19 infection. However, in our co-
hort of patient with proven infection, their presence was most likely
related to the infection.

CONCLUSIONS
A large proportion of COVID-19 patients assessed with V/Q

SPECT/CT imaging for suspected acute PE show parenchymal lung
lesions on CT, with a frequent impact on ventilation and/or perfu-
sion. COVID-19–related pulmonary lesions were, in order of fre-
quency and functional impairment, consolidation, CP, and GGO,
with typically a reverse mismatched or a matched pattern.

However, a wide heterogeneity in the severity of lung per-
fusion and ventilation alteration was observed, supporting the
potential interest of combining the morphological and func-
tional approach with V/Q SPECT/CT imaging for the assess-
ment of COVID-19 patients. Further studies are now needed
to assess the clinical significance and prognostic value of lung
functional impairment.
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FIGURE 5. Illustration of consolidation visible during COVID-19 on V/Q SPECT/CT. Consolidations were visible in the anterior
part of the 2 upper lobes and in the right lower lobe. We observed a severe alteration of lung perfusion with complete
amputation of ventilation in these areas.

Bonnefoy et al Clinical Nuclear Medicine • Volume 47, Number 8, August 2022
REFERENCES
1. Yang X, Yu Y, Xu J, et al. Clinical course and outcomes of critically ill patients

with SARS-CoV-2 pneumonia in Wuhan, China: a single-centered, retrospec-
tive, observational study. Lancet Respir Med. 2020;8:475–481.

2. Struyf T, Deeks J, Dinnes J, et al. Signs and symptoms to determine if a pa-
tient presenting in primary care or hospital outpatient settings has COVID-19
disease. Cochrane Database Syst Rev. 2020;7:CD013665.

3. Afshar-Oromieh A, Prosch H, Schaefer-Prokop C, et al. A comprehensive
review of imaging findings in COVID-19—status in early 2021. Eur J Nucl
Med Mol Imaging. 2021;48:2500–2524.

4. Simpson S, Kay FU, Abbara S, et al. Radiological Society of North America Ex-
pert Consensus document on reporting chest CT findings related to COVID-19:
endorsed by the Society of Thoracic Radiology, the American College of Ra-
diology, and RSNA. Radiol Cardiothorac Imaging. 2020;2:e200152.
e546 www.nuclearmed.com

Copyright © 2022 Wolters Kluwer H
5. Bai HX, Hsieh B, Xiong Z, et al. Performance of radiologists in differentiat-
ing COVID-19 from non-Covid-19 viral pneumonia at chest CT. Radiology.
2020;296:E46–E54.

6. OjhaV,ManiA, PandeyNN, et al. CT in coronavirus disease 2019 (COVID-19):
a systematic review of chest CT findings in 4410 adult patients. Eur Radiol.
2020;30:6129–6138.

7. Wang L, Ben S. Meta-analysis of chest CT features of patients with COVID-
19 pneumonia. J Med Virol. 2021;93:241–249.

8. Gallo Marin B, Aghagoli G, Lavine K, et al. Predictors of COVID-19 sever-
ity: a literature review. Rev Med Virol. 2021;31:1–10.

9. Bajc M, Schümichen C, Grüning T, et al. EANM guideline for ventilation/
perfusion single-photon emission computed tomography (SPECT) for diag-
nosis of pulmonary embolism and beyond. Eur J Nucl Med Mol Imaging.
2019;46:2429–2451.
© 2022 Wolters Kluwer Health, Inc. All rights reserved.

ealth, Inc. All rights reserved.

www.nuclearmed.com


Clinical Nuclear Medicine • Volume 47, Number 8, August 2022 V/Q Injury Caused by COVID-19 Lesions
10. Cobes N, Guernou M, Lussato D, et al. Ventilation/perfusion SPECT/CT
findings in different lung lesions associated with COVID-19: a case series.
Eur J Nucl Med Mol Imaging. 2020;47:2453–2460.

11. Mahaletchumy T, Muhamad M, Mohammad Kazmin NE, et al. Pulmonary
embolism in an asymptomatic COVID-19 patient detected on ventilation/
perfusion SPECT/CT. Clin Nucl Med. 2021;46:e360–e362.

12. Goetz C, Fassbender TF, Meyer PT. Lung scintigraphy imaging features in a
young patient with COVID-19. Clin Nucl Med. 2020;45:e523–e524.

13. Le Roux PY, Bonnefoy PB, Bahloul A, et al. Lung scintigraphy for pulmo-
nary embolism diagnosis in COVID-19 patients: a multicenter study. J Nucl
Med. 2021;jnumed.121.262955.

14. Chiarenza A, Esposto Ultimo L, Falsaperla D, et al. Chest imaging using
signs, symbols, and naturalistic images: a practical guide for radiologists
and non-radiologists. Insights Imaging. 2019;10:114.

15. Meyer G, CollignonMA, Guinet F, et al. Comparison of perfusion lung scan-
ning and angiography in the estimation of vascular obstruction in acute pul-
monary embolism. Eur J Nucl Med. 1990;17:315–319.

16. Hu Q, Guan H, Sun Z, et al. Early CT features and temporal lung changes in
COVID-19 pneumonia in Wuhan, China. Eur J Radiol. 2020;128:109017.

17. Pan F,YeT, SunP, et al. Time course of lung changes at chest CTduring recovery
from coronavirus disease 2019 (COVID-19). Radiology. 2020;295:715–721.
© 2022 Wolters Kluwer Health, Inc. All rights reserved.

Copyright © 2022 Wolters Kluwer H
18. Salehi S, Abedi A, Balakrishnan S, et al. Coronavirus disease 2019 (COVID-19):
a systematic review of imaging findings in 919 patients. Am J Roentgenol.
2020;215:87–93.

19. Calabrese F, Pezzuto F, Fortarezza F, et al. Pulmonary pathology and
COVID-19: lessons from autopsy. The experience of European pulmo-
nary pathologists. Virchows Arch. 2020;477:359–372.

20. Akbarialiabad H, Taghrir MH, Abdollahi A, et al. Long COVID, a compre-
hensive systematic scoping review. Infection. 2021;49:1163–1186.

21. Galiè N, Humbert M, Vachiery J-L, et al. 2015 ESC/ERS guidelines for the
diagnosis and treatment of pulmonary hypertension. Eur Heart J. 2016;37:
67–119.

22. Bonnefoy PB,Margelidon-CozzolinoV, Catella-Chatron J, et al. What’s next
after the clot? Residual pulmonary vascular obstruction after pulmonary em-
bolism: from imaging finding to clinical consequences. Thromb Res. 2019;
184:67–76.

23. DhawanRT, Gopalan D, Howard L, et al. Beyond the clot: perfusion imaging
of the pulmonary vasculature after COVID-19. Lancet Respir Med. 2021;9:
107–116.

24. Le Roux P-Y, Blanc-Béguin F, Bonnefoy P-B, et al. Guide pour la rédaction
de protocoles pour la scintigraphie pulmonaire SFMN guideline for lung
scintigraphy protocols. Médecine Nucléaire. 2021;45:85–92.
www.nuclearmed.com e547

ealth, Inc. All rights reserved.

www.nuclearmed.com

