KINGDOM OF MOROCCO
Mohammed V University of Rabat
Faculty of Medecine And Pharmacy

I Y =N REVEVE I EN RABAT

Université Mohammed V de Rabat

Year : 2022 N° : MS74/2022

Dissertation of the end of Studies

For obtaining the National Specialty Diploma
Option: RADIOLOGY

Entitled

CHEST CT IN COVID-19
PNEUMONIA’S FOLLOW-UP:
ABOUT 30 CASES

Prepared by
Doctor Hanae RAMDANI

Under the direction of

Professor lttimade NASSAR



Dedications

To the memory of my late grandparents

To my beloved parents

Who always believed in me, encouraged and supported me in all my endeavors,

your prayers for me are what sustained me this far.

To my ever loving brother

Who taught me to persevere.

To my aunts, uncles, their husbands, wives and children

A profound feeling of love and gratitude

To all friendships that stood the test of time and change



Acknowledgments

Pr Ittimade Nassar

Professor of Radiology
| am very thankful to you for the honor of accepting to supervise my thesis. | am
very grateful for the patient guidance and encouragement you have kindly
offered during my period as your intern. | have been immensely fortunate to
possess a mentor who supported my work and who replied to my requests and
inquires without delay. This work would not have been conducted without your
insightful input, immense knowledge and experience.

My profound respect and appreciation go to you.

To all my radiology professors
My highest consideration and deepest gratitude go to you professors. Through
this work, | express to you my respect and appreciation. | am very honored to
have been able to work beside you, and would like to express my immense
indebtedness to you, for your patient guidance, enthusiastic encouragement, and
useful appraisal throughout my training. Without your advice, assistance, and

willingness to share your insights, this work would not have been possible.



ACE
ARDS
COPD
COVID-19
CRP
CRP
CT
CXR
DAD
D-E
DLco
DTA
DVT
GGO
HRCT
11-6
ILD
IPF
LDH

LLL

Abbreviations List

: Angiotensin-converting enzyme

: Acute respiratory distress syndrome

: Chronic obstructive pulmonary disease
: Coronavirus disease

: C-reactive protein

. C-Reactive protein

: Computed tomography

: Chest X-ray

: Diffuse alveolar damage

: Dual-energy

: Diffusion capacity of lung for carbon monoxide
: Data Driven Textural Analysis

: Deep venous thrombosis

- Ground-glass opacity

: High-resolution computed tomography
- Interleukin 6

- Interstitial lung disease

- Idiopathic pulmonary fibrosis

. Lactate dehydrogenase

. Left Lower Lobe



LUL . Left Upper Lobe

MERS : Middle East Respiratory Syndrome
MPR : Multi-planar reconstruction

NSIP : Non-specific interstitial pneumonia
OP : Organizing pneumonia

PACS : Post-acute COVID syndrome

PE : Pulmonary Embolism

PFT : Pulmonary function test

RLL - Right lower lobe

RML : Right middle lobe

RNA : Ribonucleic acid

RT-PCR : Reserve transcription polymerase chain reaction
RUL : Right upper lobe

SARS-COV-2: Severe acute respiratory syndrome Coronavirus 2
UIP : Usual interstitial pneumonia

WHO : World Health Organization



Bt

g -
{

Summary

b A



ENEFOAUCTION ...ttt et e et ettt et et e e et et et e e et et e et e eat et e ete et eeneeee et e neeeeeeneenees 1

PRYSIOPATNOIOQY ......cvcvcviiciiii et 4
1. THE HOST’S IMMUNE RESPONSE ..ottt 5

2. TRANSMISSION ...ttt bttt sttt et e et e e s be e ebbeeabeenbeenbe e e 6
Anatomy — ct radiologiCal @NATOMY..........cccciiiiiiii e 8
L A RV A Y S et bbbt b bbbttt nb e she e nae e b b es 9
O O I o 0 O RSP 9

120 BRONGCHI ..ttt sttt e bbbt bb e nbeenbe e b e 9

1.3.  SECONDARY PULMONARY LOBULE.......cccccciiiiiiiiiicrec s 12

2. LOBAR ANATOMY ..ottt ettt sttt be e sbe e sbeesbb e sabeanbeabeesbeesbeenanens 14
3. PULMONARY VESSELS ... .ottt sttt ettt sraa e snaa e s nbae e beeerae e 16
3.1, PULMONARY ARTERIES.......c.oo ittt s 16

3.2.  PULMONARY VEINS ...ttt s e et e e stae e st e snbeesnee e 17

A, HILUDM .ottt s e e bt sR et e e aba e e st e e e sa b e e nnae e e pe e e nnpeeerae e 17
B PLEURA bbbttt b e e b nnrs 18

6.  MEDIASTINUM.....oiiiiiii et e e s e e be e e st ae e s nta e e snbeearenens 21

T LYMPH NODES ... .ottt sttt sb e bt bbb e e be e beesbeenbeesnbe s 23
EPIAEMUOIOQY ..ottt n s n s 25
Clinical ManIfESTALIONS ........ccuiiiiicieee et 27
Materials and METNOAS .........ccviire e 29
1. STUDY DESIGN ...ctiiiiie ittt ettt e s e st e e st e et e et e e st e e sneeesnteeentaeeanteeenneeennes 30

2. CTPROTOCOL AND INTERPRETATION .....ooiiii ittt 30
RESUILS ...ttt ettt 32
1. DEMOGRAPHIC CHARACTERISTICS ...ttt 33
Ot 1 RS 33

O ] =1 N | ] 1 o PSS 33

1.3. RESPIRATORY COMORBIDITIES ..ottt 33

2. FOLLOW-UP CT INDICATIONS ...ttt e e tre et e e st ree e 34
3. TIME INTERVAL BETWEEN POSITIVE RT-PCR AND FOLLOW-UP CT......c..cccovvvvene 34
4. CLINICAL MANIFESTATIONS . ... oottt ettt e s re e s re e s stre e sbaeerne e 35
5. FOLLOW-UP CHEST CT FEATURES ........ccoii ettt ste st se et e s nte e s 36



5.1, CT SEVERITY SCORE.......ccioiiiiiiiiiiiii s 36

5.2, DISTRIBUTION ...ttt ettt ettt sttt e st e e snte e e ta e e snae e snreeesnreeaneeens 36

5.3, IMAGING FINDINGS.......oooiiiiiiit sttt ns 38
DISCUSSTON ...ttt bbbttt 54
1. ETIOPATHOGENESIS OF POST-COVID LUNG DISEASE ........ccocooiviiieie e 55

2. HISTOLOGICAL, RADIOLOGICAL, and PFT CORRELATION........ccecvevirreienie e 55

3. PREVALENCE and CT FEATURES ........ccooi ittt ste ettt nne s 57
4. CT EVALUATION ...ttt s ettt e et a st e et e e st e e s te e e snaeesnteeenteeesnteeeneeens 60

5. PULMONARY EMBOLISM’S ROLE.......ccccciiiiiiiiiiiiie it sine e 61

6. PREDICTORS OF POST-COVID LUNG DISEASE .......c.oooiiieiie et 62

T TREATMENT ettt e sr e e et e e e st be e s nbae e snbeeanbenans 63
8. LIMITATIONS ..t s et e e s e e et e e e s te e e ste e e ssbeesateeesteeesnteeeneeens 63
(O] 0 0] 1151 o] o S0 TR TT SRRSO 64
N ] 1 Lo PSSP 66

RETEIEINCES. ...ttt ettt e e et e et e e et et e et e e ete e et e eaeeete e e e teeeteeeeeeeaeeeaeeeeeeneeeneee e 70



e i

Introduction

- -



On March 11, 2020 the World Health Organization (WHQ) proclaimed
Coronavirus disease 19 (COVID-19) as a pandemic. It generated a critical
planetary health crisis, and contaminated almost 277.6 million until 23
December 2021. It has caused over 5.3 million deaths across the world [1]. Its
diagnosis relies on reverse transcriptase polymerase chain reaction (RT-PCR)’s
detection of viral nucleic acid in the respiratory discharges. Using chest-
computed tomography (CT) as a standard COVID-19 diagnostic tool is not
advised by radiological societies. Nonetheless, CT performance is necessary in
severe presentations and patients with respiratory degradation throughout the
disease evolution. CT monitors the disease evolution and therapeutic response as
well [2-4]. COVID-19 survivors present diverse clinical courses. Some recover

fully while some experience residual symptoms or functional impairment [5].

As COVID-19’s long-term effects are not entirely elucidated yet, the
informations from former coronavirus infections could offer valuable
understandings. In a study of SARS patients, 36% presented remaining chest X-
ray (CXR) lung anomalies at 3 months that lowered to 30% at 6 months. At 6
months, 16% of survivors suffered from diminished diffusion capacity of lungs
(DLco), indicating that remaining imaging anomalies had significant
physiological repercussions [6]. Likewise, 36% of MERS survivors had

remaining radiographic anomalies after a 1 to 8 months follow-up [7].

The initial data indicate that lung abnormalities do not fully clear-up in
each Covid-19 survivor and in some progress to pulmonary fibrosis [5]. Some
published reports have evaluated longitudinal variations of post-COVID lung
parenchyma anomalies, however they primarily concentrated on short-term
modifications [8-11].



Understanding post-COVID lung changes on CT could help identify risk
factors for lasting COVID-19-provoked pulmonary sequelae, and thus
precipitate the introduction of suitable treatment. It might help select patients for

antifibrotic drugs trials’ enrollment.

This study aims to report residual radiological lung findings, and identify
the percentage of full radiographic resolution on intermediate- and long-term

follow-up (3 months or more).
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Coronaviruses are sizable, encased, RNA viruses identified in humans and
different mammalians. They adjust through genetic recombination to
contaminate novel hosts. Bats constitute a natural SARS-CoV-2 reservoir, but it
humans become contaminated by means of an intermediate host, namely the
pangolin [9,10]. Coronaviruses induce respiratory, gastrointestinal, and
neurological signs. SARS-CoV-2 is the 3™ coronavirus to occasion severe,
universally spread illness in humans [11], succeeding to the severe acute
respiratory syndrome (SARS), and Middle East respiratory syndrome (MERS)
outbreaks [12]. SARS-CoV-2 has a 60 - 140 nm diameter and characteristic 9 -
12 nm spikes, responsible for its solar corona appearance [13].

1. THE HOST’S IMMUNE RESPONSE

In the initial stage, SARS-CoV-2 attacks nasal, bronchial cells and
pneumocytes, by means of the spike (S) protein attached to the ACE2 receptor
[14]. Lymphopenia can result from SARS-CoV-2 infecting and killing T
lymphocytes. Moreover, the inflammatory riposte diminishes lymphopoiesis and
accentuates lymphocyte apoptosis.

In late-stage Covid-19, viral replication increases, and the epithelial-
endothelial wall is disrupted. SARS-CoV-2 targets endothelial cells as well,
magnifying inflammation and setting-off a monocytes and neutrophils influx.
Interstitial infiltration and edema form and present as GGO on CT. Pulmonary
edema with hyaline membrane develops, filling the alveoli, corresponding to
ARDS (Figure.1 [15]) [16].

In severe COVID-19, uncontrollable coagulation activation and clotting
factors consumption take place [17, 18]. Inflammation might cause
microthrombi explaining the elevated prevalence of thromboembolism in severe
patients [19]. The host’s dysregulated response to infection induces sepsis,
which could lead to multi-systemic dysfunction.
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Figure 1: SARS-Cov-2’ immunopathogenesis

From: Pathophysiology, Transmission, Diagnosis, and Treatment of Coronavirus

Disease 2019 (COVID-19): A  Review. JAMA. 2020; 324(8):782-793.
doi:10.1001/jama.2020.12839

2. Transmission



Face-to-face contact droplets expulsion is the most frequent transmission
mode. Touching contaminated surfaces is another mode of transmission. It is
believed that the viral load found on surfaces drops quickly between 48 to 72
hours [20]. Aerosol spread may occur as well [21,22]. Maternal COVID-19 is
thought to be linked to a low vertical transmission hazard [23,24]. Viral
shedding starts around 2 to 3 days before symptoms onset, and peaks over
symptoms’ onset [25]. An estimated 48% to 62% of spread might be due to pre-
symptomatic carriers [26]. Transmission does not occur when exposed to the
index case 5 days following symptoms’ start [27], suggesting that patients’
isolation release can be based on clinical recovery. The Centers for Disease
Control and Prevention advise no less than ten days isolation ensuing clinical

manifestations’ onset and three days following recovery [28].
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1. AIRWAYS

The airways consist of the trachea, bronchi, bronchioles and distal small

airways.
1.1. TRACHEA
9-12 cm in length. It starts at the cricoid (C6) and bisects at the carina (T5).
Formed by 12-16 partial cartilage rings. Its posterior wall is fibrous.
1.2. BRONCHI
At the carina, the trachea bifurcated to 2 major bronchi.

- Right main bronchus:

v Short and vertically oriented (Figure.2).

v" From which the right upper lobe bronchus emerges.

v’ Enters the hilum and extends as the bronchus intermedius.
- Left main bronchus:

v Longer and more horizontal (Figure.2).



Figure 2: Coronal MPR Lung window CT image

1: Right upper lobe bronchus, 2: Bronchus intermedius, 3: Left lower lobe bronchus,

4: Left Lateral basal segmental bronchus

The lung lobes are divided into segments supplied by segmental bronchi,

arteries and veins.

The segmental bronchi are designated using the Boyden system; 1961
(Figures. 3):
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RUL apical segrment (B1)

| LUL apicopasterior segment (B152)

LUL anterior segment (B3}

Lingular superior segmant (B4}

LLL supericr segment (B6)

Lingular inferior segment {B4)

3 e LLL anlerio mecil basal segmen (B758)

RLL anterior basal segment (B8) —— =

Al /ff- “
RLL laleral basal seqment (B9) 4&,/ J
i

RLL medial basal segment (B7)

| : \— LLL lateral basal segment (B9)

[

LLL posterior basal segment (B10}

RLL posterior basal segment {B10)
Figure 3: Line drawing of bronchial tree

- Right upper lobe bronchus :
e apical (B1)
e posterior (B2)
e anterior (B3)
- Right middle lobe bronchus:
o lateral (B4)
e medial (B5)
- Right lower lobe bronchus:
e apical (B6)
e medial basal (B7)
e anterior basal (B8)
o lateral basal (B9)
e posterior basal (B10).

- Left upper lobe bronchus

11



-apico-posterior (B1 + B2)
anterior (B3)

lingular — superior (B4)

lingular — inferior (B5)
- Left lower lobe bronchus
o apical (superior) (B6)
e antero-medial basal (B7 + 8)
o lateral basal (B9)
e posterior basal (B10)

The segmental bronchi split into smaller bronchioles (620 divisions), until

the terminal bronchiole and the acinus.
1.3. SECONDARY PULMONARY LOBULE
Smallest unit — 1-2.5 cm in diameter, polyhedron shape.

Supplied by a lobular bronchiole, artery and vein (Figure.4)

Visceral
p]eura

Second | -0 @
econdary < @' { Lymph
obule > 1 vessel
) VY o Terminal
Respiratory o Y = bronchiole
bronchiole SN ] Centrilobular
Central \; - 2 a.
acinar a. \_/ : | >
»
2 Interlobular
septum
v N\ Lobular
Pulmonary -
V. R e
\ Terminal
bronchiole

Figure 4: Line drawing of secondary lobules
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Bordered by interlobular septae.

Normally not observed on CT; can be seen on HRCT (Figure.5).

Figure 5: Thickened interlobular septae (arrow).

13



2. LOBAR ANATOMY

The right lung is bigger than the left and presents 3 lobes and 10 segments;
the left lung possesses 2 lobes and 8 segments; nominated following the bronchi
(Figure.6).

Right upper lobe — 3 segments:

e apical
e posterior

e anterior

Right middle lobe — 2 segments

e medial

e lateral

Right lower lobe — 5 segments

e superior

e medial basal
e anterior basal
o |ateral basal

e posterior basal

Left upper lobe — 4 segments

e apico-posterior
e anterior
e lingula — superior

e inferior

Left lower lobe — 4 segments

14



e superior

e anterior basal

e lateral basal

e posterior basal

Figure 6: Line drawing of lobar anatomy
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3. PULMONARY VESSELS
3.1. PULMONARY ARTERIES

The right ventricle gives rise to the main pulmonary trunk that parts into :
- The longer right pulmonary artery splits into:

e upper truncus arteriosus to the RUL

e descending interlobar artery to the RML and RLL
- The shorter left pulmonary artery divides into (Figure.7):

e a LUL ascending branch

e an interlobar artery for the lingula and LLL.

Figure 7: Axial CT pulmonary angiogram image

1: Pulmonary trunk, 2: Left pulmonary artery, 3: Left superior pulmonary vein,

4: Upper truncus arteriosus

16



3.2. PULMONARY VEINS

In 70% of people; 2 pairs of veins — superior and inferior— are present on

each side.

Figure 8: Axial CT through the right inferior pulmonary vein (arrow)

In 12-25% of the population, a common trunk for the superior and inferior

veins is present and is more frequent on the left.
4. HILUM
It consists of the pulmonary artery, pulmonary vein, bronchus and nodes.

In 97% of people; the right hilum is lower than the left.

17



5. PLEURA
A fine membrane composed of:

- Parietal pleura: contours the non-pulmonary planes (diaphragm,
pericardium and mediastinum)

- Visceral pleura: contours the pulmonary planes.

The two attach at the hilum, and extend inferiorly as a double layer— the

pulmonary ligament.
The two layers cannot be delineated on CT.

The intercostal strip, visualized on CT between the ribs, consists of the two
layers of pleura, extra-pleural fat, the extra-thoracic fascia and the innermost

intercostal muscle (Figure.9).

Visceral and
pariatal pleura

Endothoracic
fascia | Fine pleural
lineon CT

Extrapleural
fat

Vein
Artery
Nerve

Intercostal

Internal intimus m.

intercostal m.

Intercostal fat

External
intercostal m.

Figure 9: Line drawing of chest wall
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Pleural fissures separate the lung lobes.

- Right oblique (major) fissure:

Splits up the RLL on one side, and the RUL and middle lobe on the other side.

- Left oblique fissure:

Sets apart the upper lobe from the lower lobe.

The oblique fissure is not visualized on a PA Chest X-ray, but is identified

on a lateral Chest X-ray and on CT (Figure.10).

Figure 10: Sagittal CT shows the oblique fissure (Arrow).
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- Horizontal (minor) fissure:

Splits up the RML and the RUL. On CT it appears as an area devoid of

vessels.

- Azyqous fissure:

On the right.

Owing to an abnormal azygous vein development (Figure.11).

o

Figure 11: Axial CT showing the azygous fissure (arrow).

- Incomplete fissures:

Fail to reach the hilum.

Commoner on the right, they occur in 73% of oblique fissures and up to

60—90% of horizontal fissures.



- Accessory fissures:

Present 30-50% of people and visualized in 16-21% of CTs.
A fissure setting apart the LUL from the lingula in 8-18%.

Superior accessory: sets apart the LLL basal segments from the superior

segment.

Inferior accessory: sets apart the medial basal segment from the rest;

commoner on the right.
6. MEDIASTINUM

Expands from the sternum to the dorsal spinal column and from the

thoracic entrance to the diaphragm. Sub-divided into:

- Superior mediastinum : from the thoracic inlet to T4/5, comprises the
thymus, great vessels, and the trachea.
- Inferior mediastinum : underneath, divided into :
=>» anterior —anterior to the pericardium, ascending aorta and superior
vena cava
=>» middle — comprises the heart, great vessels, the hilum and carina
=>» posterior — (retro-cardiac and paravertebral spaces) contains

descending aorta, oesophagus, azygous system and spinal column.

« On CT mediastinal structures are well seen (Figures 12-13).

21



Pulmonary
outflow tract

Ascending aorta

___—— Superior pulmonary
vein

Figure 12: Axial CT of mediastinum

Right ventricle

Left ventricle

Interventricular
septum

Figure 13: Axial CT of mediastinum
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7. LYMPH NODES

Soft tissue masses seen on CT. Normal lymph nodes’s short axis measures
less than 1 cm and are oval rather than round. The nodal stations usually used
are determined by the AJCC/UICC.

Level 1

Low cervical — superior to a horizontal line at the upper left

brachiocephalic vein.
Level 2

Upper para-tracheal — lies superior to a tangent to the aortic arch upper

margin and underneath level 1.
Level 3
Pre-vascular and retro-tracheal
Level 4

Lower paratracheal — inferior to the aortic arch upper margin and above the

upper margin of the right main bronchus on the right.

Between the aortic arch superior border and the left main bronchus, medial

to the ligamentum arteriosus on the left.
Level 5

Sub-aortic — lateral to the ligamentum arteriosus, aorta or left pulmonary

artery

23



Level 6

Para-aortic — anterior and lateral to the aortic arch or ascending aorta or

brachiocephalic artery underneath the upper aortic arch
Level 7
Subcarinal
Level 8
Paraoesophageal
Level 9

Within the pulmonary ligament, beside the posterior wall of the lower

margin of the inferior pulmonary vein
Level 10
Hilar

Level 11: Interlobar [29].

24
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Since the first cases from Wuhan-China, by 2019’s end, reports have been
indexed world-wide. Universally, over 270 million COVID-19 affirmed cases
were accounted. Up-to-date case accounts are present on the World Health

Organization and European Centre for Disease Prevention and Control sites.

Since merely a fraction of infections is identified and declared, the
announced case records underrate the overall weight of COVID-19.
Seroprevalence investigations in America and Europe indicated that with
consideration of possible false positives or negatives, seropositivity reflecting
the proportion of anterior SARS-CoV 2 exposures, surpasses the number of

announced cases by 10-times or beyond [30-31].
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Frequent symptoms among inpatients comprise hyperthermy, cough,
dyspnea, astheny, myalgias, nausea/vomiting or diarrhea, migraine, and runny

nose. Anosmia or ageusia are the sole manifestation in almost 3% of cases [32].

Usual complications in hospitalized patients comprise pneumonia (75%);
ARDS (15%); liver dysfunction (19%); heart injury, namely troponin rise (7%-
17%), cardiac insufficiency, arrhythmias, and myocarditis; coagulopathy
causing thromboembolisms (10%-25%); kidney lesions (9%); neurologic
symptoms, including altered mental status (8%) and stroke (3%); and shock
(6%) [32-33-34].

Cytokine storm and macrophage activation syndrome are unusual

complications that critically ill patients might present.

28



P

N

‘Materials and methods

-
-



1. STUDY DESIGN
We carried out a retrospective study at Ibn Sina University Hospital-Rabat.

30 RT-PCR positive COVID-19 patients with no less than one follow-up
CT and a time interval of at least 3 months separating the RT-PCR and the CT

performance were enrolled.

Follow-up CT’s major indications were residual symptoms or functional

deterioration.

We gathered and studied the pertinent demographic, clinical, and

scannographic features retrospectively.
2. CT PROTOCOL AND INTERPRETATION

We carried-out all CTs on a 16-Slice Siemens Multidetector scanner
without administration of intravenous contrast medium. In cases of pulmonary

embolism suspicion, CT pulmonary angiography was carried-out.
The patient was set up in a supine head-first position.

The used voltage was 100-120 kVp, and current 90-130 mAs. Images
reconstruction into a 1.5 mm slice thickness was obtained. The images were
analyzed in lung window (Width: 1500 HU; Level: - 600 HU) and mediastinal
window (Width : 350 HU; Level : 50 HU).

We analyzed the following elements: (1) existence or not of lung opacities;
(2) distribution: one vs two-sided; (3) dominant lung opacity: ground glass
opacity (GGO), consolidation, GGO and consolidation, and linear/curvilinear
opacities, (4) Sub-pleural bands, (5) Interlobular septal thickening, (6) Vascular

dilatation, (7) Bronchiectasis, (8) Honey combing, (9) Architectural distortion,

30



(10) mosaic attenuation, and (11) Additional findings: Enlarged lymph nodes,

Pleural fluid, and Pericardial fluid.

To evaluate the degree of lung opacification, a score built on the visual
appraisal of the percentage of lung involvement was employed [35]. Every lobe
was graded from 0 to 5: no involvement (0), < 5% (1), 5-25% (2), 26-50% (3),
51-75% (4) and 76-100% (5). The five lobes scores were totaled to get a whole
CT severity score extending from O (no participation) to 25 (maximal

participation).

Patients were then classified in two sets : (1) full resolution and (2)

remaining pulmonary opacities.
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1. DEMOGRAPHIC CHARACTERISTICS
1.1. AGE

The age varied between 40 and 87 years with an average of 53.4 years.
1.2. GENDER

There were 16 males (53.3 %) and 14 females (46.7 %).

Gender

® Male = Female

Figure 14: Gender

1.3. RESPIRATORY COMORBIDITIES

4 patients had chronic obstructive pulmonary diseases. 2 patients had
pulmonary tuberculosis. 1 patient had recently diagnosed interstitial lung disease
with indeterminate usual interstitial pneumonia pattern (UIP), and 2 patients had

a pulmonary embolism.
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Respiratory Comorbidities

14
12

10

0 I I . I

COPD Pulmonary Tuberculosis Pulmonary Embolism

(o))

S

N

Figure 15: Respiratory Comorbidities

2. FOLLOW-UP CT INDICATIONS

CT was indicated for symptoms or functional impairment on follow-up in

all cases.

3. TIME INTERVAL BETWEEN POSITIVE RT-PCR AND
FOLLOW-UP CT

The time range between the positive RT-PCR and Follow-up CT varied
between 3 and 12 months, with an average of 6 months.
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4. CLINICAL MANIFESTATIONS

The major symptoms were Cough in 10 patients (33.3 % of cases), and
dyspnea in 20 patients (66.7 % of cases).

Clinical Manifestations

= Cough = Dyspnea

Figure 16: Clinical manifestations
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5. FOLLOW-UP CHEST CT FEATURES
5.1. CT SEVERITY SCORE

Ct severity score ranged between o and 23. The mean score was 6.48.

Figure 17: A 55-year-old man follow-up contrast-enhanced axial chest CT image in lung
window, 5 months following initial presentation, showing extensive residual pulmonary

ground glass opacities (23 CT severity score), and traction bronchiectasis.
5.2. DISTRIBUTION

Lesions’ distribution was bilateral in 22 cases (73.3 %), unilateral in 2

cases (6.7%). No pulmonary opacities were detected in 6 cases (20 %).
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Figure 18: A 68-year-old male patient with COPD and severe coronavirus disease, 3 months
following discharge. Axial non-enhanced chest CT images in lung window (a,b) showing
bilateral involvement with residual light GGO (*), sub-pleural interlobular septal thickening

(Black arrow), bronchiectasis, and vascular dilatation (Black arrow head).
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Lesions' Distribution
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Figure 19: Lesion’s distribution

5.3. IMAGING FINDINGS

Lung opacities were present in 24 cases (80 %).

Lung opacities

= Presence = Absence

Figure 20: Lung opacities



The dominant lung opacities were Ground glass in 14 cases (46.7 %),
Consolidations in 1 case (3.3 %), GGO + Consolidations in 2 cases (6.7 %), and

linear/curvilinear opacities in 7 cases (23.3 %).

Dominant Lung Opacity
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Figure 21: Dominant Lung Opacity
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Figure 22: A 42-year-old-man 9 months follow-up axial non-enhanced chest CT images (a,b)

showing residual, multi-focal, bilateral, sub-pleural, patchy ground glass opacities (*).
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Figure 23: A 40-year-old-man 7 months follow-up non-enhanced chest CT axial (a,b) and
sagittal images (c) showing residual, extensive multi-focal, bilateral, patchy dominant
consolidations (*), some ground glass opacities (Black arrow head), alongside bronchiectasis

(White arrow), and interlobular septal thickening (Black arrow).
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Figure 24: A 64-year-old man’s 12 months follow-up non-enhanced chest CT axial (a) and
sagittal (b) images showing residual curvilinear sub-pleural opacities (Black arrow) involving

peripheral lung bases.
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12 patients (40%) presented sub-pleural bands, and 13 patients (43.3%)
presented vascular dilatation. Interlobular septal thickening was detected in 13

cases (43.3%), bronchiectasis in 12 cases (40%), honey combing in 2 cases (6.7%),

mosaic attenuation in 3 cases (10 %), and architectural distortion in 3 cases (10%).

Imaging findings

0% 5% 10% 15% 20% 25% 30% 35% 40% 45%  50%

B Mosaic attenuation B Architectural Distorsion B Honey Combing
Bronchiectasis M Interlobular Septal Thickening ™ Vascular dilatation
B Sub-pleural bands

Figure 25: Imaging findings
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Figure 26: A 55-year-old man with COPD follow-up contrast-enhanced axial (a,c) and
coronal (b) chest CT images in lung window, 5 months after initial presentation, showing
extensive residual pulmonary opacities alongside with architectural distortion. Note the
disruption of the normal course of the right oblique fissure (Black arrow), associated traction
bronchiectasis (*), and extensive honey-combing (White arrow).
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Figure 27: A 79-year-old man follow-up non-enhanced axial chest CT image in lung
window,3 months after initial presentation, showing sub-pleural honey combing (Black

arrow), and associated interlobular septal thickening, and peripheral bands.
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Figure 28: A 55-year-old man with COPD follow-up contrast-enhanced axial chest CT
images in lung window, 5 months after initial presentation, showing extensive residual
pulmonary opacities and emphysema. Note the right upper lobe bronchiectasis (Black arrow)
(a). A mosaic attenuation pattern (White circles) in lower lung lobes best demonstrated on

mIP reconstructions using narrow window parameters (b).
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Figure 29: A 62-year-old man follow-up non-enhanced axial chest CT image in lung
window, 3 months after initial presentation, showing traction bronchiectasis (Black arrows),
vascular dilatation (White arrows), interlobular septal thickening (White arrow head), and a

curvilinear sub-pleural opacity (Black arrow-head).
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The additional findings detected were enlarged lymph nodes in 11 cases
(36.7%), Pleural fluid in 2 cases (6.7%), and Pericardial fluid in 4 cases
(13.3%).

Additional Findings
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Figure 30: Additional findings
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Figure 31: A 47-year-old man with antecedents of treated pulmonary tuberculosis, and
pulmonary embolism presented for a 7 months follow-up chest CT-angiography. Axial
images in lung (a) and mediastinal (b) windows show sub-pleural bands (Black arrow),

traction bronchiectasis (White arrow), and a right hilar lymph node 10 R (*).
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Figure 32: A 40-year-old-man 7 months follow-up non-enhanced chest CT axial mediastinal
() and lung (b) window images (c) showing a small pericardial effusion, alongside residual,

multi-focal, bilateral, patchy consolidations.
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Figure 33: A 59-year-old-man 3 months follow-up non-enhanced chest CT axial lung (a) and
mediastinal (b) window images (c) showing no residual pulmonary opacities, alongside a

small right pleural effusion (*).
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6 patients (20 %) presented no lung opacities whereas 24 patients (80 %)
had residual pulmonary opacities. Fibrosis signs (Traction bronchiectasis,
interlobular septal thickening, honeycombing and/or architectural distortion)

were noted in 9 patients (30 %).

Lung Opacities

= Complete Resolution = Residual pulmonary Opacities

Figure 34: Lung opacities
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Considering the recognized link between viral pneumonias and fibrosis and
the frequency of lung lesions during acute COVID-19 and residual respiratory
manifestations following recovery, there is emphasis on the post-Covid-19 lung
disease [36].

1. ETIOPATHOGENESIS OF POST-COVID LUNG DISEASE

There is uncertainty with regard to anomalies following acute COVID-19
are due to ARDS, mechanical ventilation, viral induced injuries, or the host’s
immune reaction to it [37]. Pulmonary fibrosis develops in a fraction of patients
with ARDS [38] and is independently linked to the time span of acute
respiratory failure [39]. Ventilator-induced lung injury is frequently observed in
ARDS patients [40] and may lead to pulmonary fibrosis [41]. It can play a part
in the occurrence of pulmonary sequelae following COVID-19 considering the
mechanical ventilation prolonged duration [42] and increased barotrauma
frequency [43] in COVID-19 ARDS patients in comparison to non-COVID-19
ones. Aggravation of pre-existing interstitial lung disease [44], a recognized
complication in patients with fibrosis illness following pulmonary infection [45],

appears to be another cause of lung disease following COVID-19.

2. HISTOLOGICAL, RADIOLOGICAL, and PFT
CORRELATION

In a most recent Lancet Infectious disease publication in [46], 8 patients
who died from COVID-19 underwent postmortem anatomo-pathologic
examination. Substantial fibrotic lung parenchymal remodeling, defined by

proliferation of fibroblasts, honeycombing, and airspace obliteration were noted.
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Lung biopsies carry an elevated hazard of pneumothorax and are not
practical. Nonetheless, a novel publication of a transbronchial biopsy in a

Covid-19 61-year-old patient showed organizing pneumonia [47].

An autopsy lung tissues’ study of 38 COVID-19 patients demonstrated
diffuse alveolar injury, hyaline membrane constitution, interstitial edema, and

type 2 alveolar epithelial cells enlargement [48].

Histologic presentations of lung viral infections may be subdivided to 2

models:

1) Bronchiolitis and inflammation contiguous to airways. On imaging:
bronchial wall thickening, centrilobular nodules, and tree-in-bud pattern are
present. Concentric fibrosis round the bronchioles causing airway reduction,
called constrictive (or obliterative) bronchiolitis may occur. It results in
remaining dyspnea following recovery from the acute episode, and an
obstructive physiology on pulmonary function tests. Constrictive bronchiolitis

main CT features comprise mosaic attenuation, air trapping, and bronchiectasis.

2) Diffuse alveolar damage, manifesting as GGO and/or consolidation on
imaging. Histologically, fibrosis forms 1-2 weeks following acute signs, and is
affiliated with reticulations and traction bronchiectasis on CT. Within time,
months usually, fibrosis might resolve, nonetheless remaining fibrosis is
frequent [49], is usually positioned in the anterior peripheral lung and might be

linked to a restrictive defect on PFT.

Organizing pneumonia (OP) is frequent, and usually very steroid-
responsive with opacities that rapidly better or clear up under treatment.

Remaining fibrosis might persist, and usually mimics nonspecific interstitial
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pneumonia with basilar dominant interlobular septal thickening, bronchiectasis,
and subpleural exemption [50]. OP and DAD can be associated with common

radiological features.

Pulmonary fibrosis is not always persistent. Collagen might be absorbed

months following the initial injury.
3. PREVALENCE and CT FEATURES

The prevalence of radiologic changes following Covid-19 differs based on
the cohort studied, the time span following infection, and the initial episode

gravity [37].

In our retrospective study addressing COVID-19 pneumonia’s mid to long-
term follow-up (3-12 months) chest CT findings, and involving 30 patients; 80
% had residual lung opacities, among which 30 % presented fibrotic changes.
The predominant lung opacity was GGO; present in 14 patients (46.7 %).

Mosaic attenuation was detected in 3 patients (10%).

Han et al [51]. described the remaining CT features of COVID-19 6 months
following the acute illness. In their report, more than 1/3 of patients manifested

signs of fibrosis.

Cho and Villacreses et al. [52] discuss these long-term lung abnormalities
in a report of 100 cases with lasting (>30 days) respiratory signs following
COVID-19 pneumonia. The mean interval from diagnosis to the post-COVID-
19 consultation was merely 75 days. Air trapping was reported in 58% of
patients, prevailed in the group of hospitalized patients (73%), and affected 25-
35% of the lungs depending on illness severity. Restriction was detected on PFT
in the COVID-19 hospitalized patients and ICU sub-groups. GGO, traction
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bronchiectasis, and other fibrosis signs were much common in ICU patients
(94%, 69%, 81% of patients in comparison to 36%, 8%, and 3% of non-
hospitalized patients). GGO and/or fibrosis on CT were prevalent in the ICU
groups and are probably related to post-OP and/or DAD fibrosis. The
contribution of airways disease to post-COVID fibrosis is greater in the non-

hospitalized patients, and that of OP/DAD is higher in ICU admissions.

114 grave COVID-19 patients’ control at six months revealed that thirty-
five percent presented fibrosis and a subset of them had DLco diminutions [53].
GGO was described in 21% of cases. GGO and consolidation extent lowered in

comparison to the initial scans, while reticular abnormalities increased.

Only 4 % of the three-months follow-up CTs of fourty eight grave SARS-
Cov-2 survivors, with previous mechanical ventilation, were normal [54].
Eighty-nine percent presented GGO, while fibrotic anomalies (namely
parenchymal bands, parenchymal distortion, and bronchiectasis) were observed
in sixty-seven percent. The sannographic scores of severity were high.
Associated lung volumes and DLco reductions were reported. In forty six
percent, diminished attenuation due to hypoperfusion or rather bronchioles

injury was present. In 25%, novel emphysema and cysts were noticed.

In 12 COVID-19 survivors, follow-up CTs performed at six months noted
the occurrence of fibrosis in the same zones affected during the initial infection

phase anomalies [55].

40% of patients showed fibrotic changes while 56% of CTs demonstrated
ground-glass or consolidative opacities in a meta-analysis of 60 reports [56],
analyzing follow-up radiological features of MERS, influenza, and COVID-19

pneumonia.
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The changing definitions of CT features and absence of histologic
correspondence complicate the COVID-19 follow-up studies’ interpretation. It is
suggested to classify PASC CT appearances like this: mainly GGO, mixed GGO
and fibrotic, and mainly fibrotic. GGO or fibrotic bands or their association in
the original infection areas, may represent early fibrosis or interstitial lung

pathology [57].

A Dbroad definition of fibrosis may inflate its prevalence, thus the
designation fibrosis must be kept for particular features: bronchiectasis or
bronchiolectasis, honeycombing, or architectural distortion [58]. These
anomalies might resolve or progress on follow-up. It is not known yet if there is
overlap between remaining COVID-19 pulmonary abnormalities and NSIP or
UIP.

To appraise COVID-19 infection in the initial phase, different techniques
are used, including densitometry and deep learning methods [59, 60]. Early
phase quantitative CT assessment of severity is an autonomous forecaster of
ICU hospitalization and mortality [61-63]. It could as well be used to appraise
serial variations in lung volumes and pulmonary opacity [63]. A study of 41
COVID-19 survivors and an identical report of 29 patients demonstrated that

quantitative pneumonia CT measures reduced gradually in 6-7 months [64, 65].

In order for quantitative CT assessment of severity to be beneficial in
evaluating PASC, distinct metrics that differentiate between GGO and fibrotic
abnormality are necessary. In a pilot evaluation, DTA effectively discriminated
between GGO and fibrosis and helped perceive betterment over time.
Nonetheless, further technical and clinical confirmation is still needed for

quantitative CT to play a clinical part in PACS evaluation.
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4. CT EVALUATION

COVID-19 follow-up Chest CT examination must comprise supine
inspiratory and expiratory acquisitions with thin reconstructions (1.5 mm).
Novel emphysematous lesions, cysts, and mosaic pattern suggest airflow
obstruction. Lung bases prone imaging elucidates if basal anomalies at supine
scanning correspond to atelectasis or authentic abnormalities. An acute or
chronic pulmonary thromboembolism would also cause PACS symptoms, and
computed tomography pulmonary angiograms must be acquired for low
suspicion indexes. To understand the abnormalities temporal course,
juxtaposition with initial phase CT is crucial. The majority of studies repeat
HRCTs, however considering the irradiation risk, low-dose or ultra-low-dose

CTs may have a role in longitudinal follow-ups [66].

The best time for follow-up CT is not known. The British Thoracic Society
current guidelines advise a follow-up at 3-months, a convenient interval for lung
anomalies to clear that guarantees at the same time that residual findings are
handled promptly [67]. For cases with no pneumonia at the acute phase of
iliness, and those for which lung abnormalities completely resolve on follow-up
CXR at discharge, a follow-up CT is not advised. High-resolution CT is
recommended for remaining substantial lung anomalies on follow-up CXR and

lasting respiratory symptoms or physiological dysfunction [67, 68].

The international guidelines were respected in our report. The time gap
between the acute infection phase and the follow-up was 3 months at least, and
all imaged patients presented respiratory symptoms, namely cough in 10 patients
(33.3 %), and dyspnea in 20 patients (66.7 %).
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5. PULMONARY EMBOLISM’S ROLE

Considering the proof of direct endothelial injury by SARS-CoV-2 [69]
and the associated hypercoagulable state [70], there is worry that venous
thromboembolism might take a part in Post-acute COVID syndrome. Since the
hypercoagulable state’s duration is not known, recovering patients might still be
at a high hazard for novel or undiagnosed pulmonary embolisms. Seventeen
percent and fifteen percent of patients presented PE and DVT, respectively, in a
meta-analysis that studied 3342 Covid-19 survivors [71], mainly during the
initial stage, and most frequently in the ICU. Pulmonary perfusion scans are
suggested as a method of sorting Sars-Cov-2 patients, when pulmonary emboli
IS suspected, in the presence of pulmonary symptoms and/or DLco reductions

that are unexplained by imaging [72].

We performed CT pulmonary angiography in 7 patients who had a
pulmonary embolism suspicion (discrepancy between no or minimal
parenchymal lung involvement and severe respiratory symptoms, or highly

increased D-dimers). No thromboembolism was identified.

Dual-energy CT could play a part in assessing residual signs following
COVID-19. Fifty-five D-E computed-tomography angiograms obtained three
months post-COVID-19 pneumonia, to explore residual signs, showed
disruption of normal opacification correspondent to embolism in 3 cases, and
perfusion defects in 32 cases (58%) (4 of which with normal pulmonary
parenchyma) implying residual micro-vascular anomalies [73]. Regions of
augmented perfusion were noted in 15 cases, and corresponded to tree-in-bud,
ground-glass opacities and sub-pleural bands. It was concluded to the frequency

of vascular disturbance following Sars-Cov-2 pneumonia.
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6. PREDICTORS OF POST-COVID LUNG DISEASE

In a study that analyzed CTs 5 months following discharge, a link was
found between the abnormalities magnitude and the illness severity evaluated by
the necessity of hospitalization, oxygen, and mechanical ventilation [74]. DLco
reduction was correlated to the gravity of disease, and women and older patients
had an augmented probability of presenting a diffusion anomaly. Other reports
identified high inflammatory indicators (CRP, LDH, and 1I-6) [75,76,77,78], D-
dimers [79], white blood cells [75], albumin [76], older age [80,79], male sex
[79,81], comorbidities [79], ICU hospitalization [81], longer hospital stay
[82,77], the implementation and duration of mechanical ventilation [80,78], and
ARDS [80,82] as factors linked to worsened fibrosis when monitored. Among
the risk factors of fibrotic pulmonary illnesses comprising IPF, a short leukocyte
telomere length was linked to fibrosis following COVID-19 [78]. In patients

with anterior pulmonary fibrosis, COVID-19 might accelerate it.

Progressive interstitial lung disease development following COVID-19
may be due to autoimmune incitement sparked by SARS-CoV-2 or evolution of
previously existing interstitial pulmonary anomalies to clinically considerable
ILD [83].

Our cohort comprised one patient with interstitial lung disease
indeterminate for UIP pattern and moderate COVID-19 infection. The 3 months
follow-up CT showed moderate lung involvement (CT severity score = 14) with

signs of fibrosis.
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7. TREATMENT

Corticosteroids are considered in the initial phases with CT features of
organizing pneumonia. Anti-fibrotic drugs utilized in chronic lung fibrosis are
reviewed, specifically nintedanib [84], an inhibitor of tyrosine-kinase that
retards advancement in IPF [85]. Genistein is an agonist of estrogen receptor
beta, whose stimulation regulates cell cycle, facilitates DNA reparation, reduces
inflammation, and has anti-fibrotic properties [86]. A National Institute of
Allergy and Infectious Diseases—endorsed COVID-19 clinical trial is currently

testing it.
8. LIMITATIONS

This study has many limitations. First, merely 30 patients were enrolled. A
larger population size is advisable to better analyze the COVID-19 sequelae.
Second, baseline imaging and pulmonary function tests were not available.
Follow-up PFT were not performed. They offer more accurate informations on
the lungs physiological anomalies. Third, the time gap between the positive RT-
PCR and Follow-up CT ranged between 3 and 12 months, with an average of 6
months. Longer-term reports are necessary to investigate the durable features of
post-COVID fibrosis. Fourth, a prone position acquisition was not performed;
however, most lung lesions did not meet the criteria of dependent artifactual
abnormalities. Fifth, our CT protocol did not include intravenous contrast
administration; therefore pulmonary emboli was not searched, nonetheless in 7
patients who benefited from a pulmonary CT angiography, no pulmonary

embolus was detected.
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CT abnormalities following Covid-19’s prevalence varies based on the
extent of the original lung affection and the time gap since the acute phase.
Longitudinal studies indicate that anomalies could remain in patients with
established factors of risk. Many areas of incertitude remain and need more
studies, namely CT findings clinical and functional impact, the relationship
between post-COVID fibrosis and preexisting interstitial lung disease,
pathologic correlation of CT abnormalities, long-term outcome, and
improvement versus progressive fibrosis predictors. Even if no drug is endorsed
for post-COVID lung fibrosis, therapies trials are continuing. The long-lasting
effect of CT anomalies on respiratory manifestations, physiology, or life quality
Is not known. Post-discharge surveillance is crucial to avert a population with
lasting lung injury. Consequently, maintained monitoring of released COVID-19
patients with clinical examination, iterative pulmonary function testing, and
HRCT is advised.
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Abstract
Title: Chest CT in Covid-19 pneumonia’s Follow-up : About 30 cases
Author: Hanae RAMDANI
Keywords: Chest CT, Covid-19, Pneumonia, Follow-up

Background: Lung abnormalities do not fully resolve in all Covid-19 survivors and may
progress to fibrosis. Understanding post-COVID lung changes helps identify patients susceptible of
post-COVID-19 sequelae. We analyzed scannographic residual lung abnormalities, and the full
resolution percentage on intermediate- and long-term follow-up (3 months or more).

Methods: Data from 30 RT-PCR positive COVID-19 patients undergoing at least one follow-
up chest CT at Ibn Sina Hospital, with a minimal time interval of 3 months between the RT-PCR and
the CT performance were gathered retrospectively. The following elements were analyzed: lung
opacities, distribution, dominant lung opacity, Sub-pleural bands, Interlobular septal thickening,
Vascular dilatation, Bronchiectasis, Honey combing, Architectural distortion, mosaic attenuation, and
Additional findings: Enlarged lymph nodes, Pleural and Pericardial fluid. To evaluate the degree of
lung opacification, a score founded on visual evaluation of the lung involvement’s percentage was
employed. Patients were then subdivided into two categories: no residual opacities and remaining

pulmonary opacities.

Results: 30 patients were enrolled. The age ranged between 40 and 87 years. CT was
indicated for symptoms or functional impairment. The time range between the positive RT-PCR and
Follow-up CT varied between 3 and 12 months. CT severity score ranged between o and 23. Residual
lung opacities were present in 24 cases (80 %). The dominant lung opacities were Ground glass (46.7

%), and linear/curvilinear opacities (23.3 %). Signs of fibrosis were present in 9 patients (30 %).

Conclusion: CT abnormalities following Covid-19 pneumonia’s prevalence varies based on
the extent of the original lung affection and the time gap since the acute phase. Residual anomalies’
effects on respiratory physiology, symptoms, and quality of living are unknown. Maintained
monitoring of COVID-19 survivors with clinical examination, iterative pulmonary function tests, and
HRCT is advised.
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RESUME

Titre : Scanner thoracique dans le suivi de la pneumopathie type Covid-19 : a propos de 30
cas

Auteur : Hanae RAMDANI
Mots-clés : Scanner thoracique, Covid-19, Pneumopathie, Suivi

Contexte : Les anomalies pulmonaires ne se résolvent pas completement chez tous les
survivants de Covid-19 et peuvent évoluer vers la fibrose. Comprendre les modifications post-COVID
identifie les patients a risque de séquelles. Nous rapportons les anomalies pulmonaires scannographies

résiduelles et le pourcentage de résolution compléete a moyen et long terme (> 3 mois).

Méthodes : Les données de 30 patients COVID positifs ayant eu au moins un scanner
thoracique de contrble a I'népital lbn Sina, avec au moins 3 mois entre PCR et scanner ont été
recueillies rétrospectivement. Les éléments suivants ont été analysés : opacités pulmonaires,
distribution, opacité dominante, Bandes sous-pleurales, Epaississement septal interlobulaire, Dilatation
vasculaire, Bronchiectasie, rayon de miel, Distorsion architecturale, Mosaique et Adénopathies
médiastinales, épanchements pleural et péricardique. Pour évaluer le degré d'opacification pulmonaire,
un score fondé sur l'appréciation visuelle du pourcentage datteinte pulmonaire a été utilisé. Les

patients ont été divisés en 2 catégories : résolution complete et opacités résiduelles.

Résultats : 30 patients ont été recrutés, agés entre 40 et 87 ans. La TDM était indiquée en cas
de symptémes ou troubles fonctionnels. L'intervalle PCR-scanner variait entre 3 et 12 mois, et le score
de sévérité entre 0 et 23. Des opacités pulmonaires résiduelles étaient présentes dans 24 cas (80 %).
Les opacités pulmonaires dominantes étaient le verre dépoli (46,7 %), et les opacités

lindaires/curvilignes (23,3 %). Des signes de fibrose étaient présents chez 9 patients (30 %).

Conclusion : Les anomalies scannographiques résiduelles post-Covid-19 dépendent de
I'étendue de l'atteinte pulmonaire initiale et du temps écoulé depuis la phase aigué. L'effet des
anomalies résiduelles sur la physiologie et les manifestations respiratoires, ou la qualité de vie est
inconnu. Une surveillance avec examen clinique, tests de la fonction pulmonaire et scanner thoracique

est conseillée.
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