“ROLE OF HIGH RESOLUTION
COMPUTED TOMOGRAPHY THORAX
IMAGING IN FOLLOW-UP OF COVID-19
PATIENTS - A ONE YEAR HOSPITAL
BASED CROSS-SECTIONAL STUDY”

BY
REG. NO. BS0120010

Bigsertation

Submitted to
KAHER, Belagavi, Karnataka,

In partial fulfilment of the requirements for the degree of
M.D.

In
RADIO-DIAGNOSIS

DEPARTMENT OF RADIO-DIAGNOSIS,
J. N. MEDICAL COLLEGE,
BELAGAVI -590010. KARNATAKA

JUNE /JULY - 2023




KLE ACADEMY OF HIGHER EDUCATION AND RESEARCH,

BELAGAVI, KARNATAKA

Endorgement by the BOB/ Principal/ Bead of the
Ingtitution

This is to certify that the dissertation entitted “ROLE OF HIGH

RESOLUTION COMPUTED TOMOGRAPHY THORAX IMAGING IN

FOLLOW-UP OF COVID-19 PATIENTS — A ONE YEAR HOSPITAL BASED

CROSS-SECTIONAL STUDY” is a bonafide research work done by REG. NO.

BS0120010.

Dr. PRADEEPGOUD H. PATIL

M.D. RADIO-DIAGNOSIS

Professor and Head,
Department of Radio-Diagnosis,
J. N. Medical College,

Nehru Nagar, Belagavi — 10

pate: | 11042023

Place: Belagavi

Dr, X.S. MAHANTASHETTI

M. D. PEDIATRICS
NCIPA

J Iﬁ'% § ij?\gg Cr.: Eli‘ege,

BE%%Ehiﬁgp@mege,
Nehru Nagar, Belagavi — 10

Date: |7 /m fgf;gj’

Place: Belagavi



UNDERTAKING

I, Reg. No. BS0120010, hereby declare that the information and the data
mentioned in my dissertation entitled “ROLE OF HIGH RESOLUTION
COMPUTED TOMOGRAPHY THORAX IMAGING IN FOLLOW-UP OF
COVID-19 PATIENTS - A ONE YEAR HOSPITAL BASED CROSS-
SECTIONAL STUDY?” belongs to me and is original. | am aware of the definition of

plagiarism as detailed below:

e An act or instance of using or closely imitating the language and thoughts of
another author without authorization and the representation of that author’s
work as one’s own, as by not crediting the original author.

e A piece of writing or other work reflecting such unauthorized use or imitation.

e The deliberate or reckless representation of another’s words. thoughts, or ideas
as one’s own without attribution in connection with the submission of

academic work, whether graded or otherwise.

I hereby declare that the dissertation prepared by me is the original one and
does not involve plagiarism anywhere. In case, at a later stage, it is found that I have
indulged in plagiarism, then I am solely responsible for the same, and the institution is
at liberty to take any disciplinary action against me, including cancellation of the

dissertation or any other penalties imposed by the University.

Date: /?/0"/;20,3; B atnd ,J__/,A
Place: Belagavi (REG. NO. BS0120010)



PLAGIARISM CERTIFICATE

g8 S
MKLE JAWAHARLAL NEHRU MEDICAL COLLEGE {(&})

St (Recognized by Medical Council of India, New Delhi)

Accredited 'A+' Grade by NAAC (3 l;yr:le] Placed in Category ‘A’ by MHRD (Gol)
Nehru Nagar, Belagavi- 590 010, Karnataka, INDIA
t, 0831-2471350 R 0831 - 2470759 &% wwwinmeedy =3 principal@nmc.edu
Ref No: MDC/PG/ Date: 27-12-2022.
ACCEPTANCE LETTER

The softcopy of thesis entitled: “ROLE OF HIGH RESOLUTION COMPUTED
TOMOGRAPHY THORAX IMAGING IN FOLLOW-UP OF COVID-19 PATIENTS - A ONE
YEAR HOSPITAL BASED CROSS-SECTIONAL STUDY” has been submitted for Anti-Plagiarism
check through Turnitin software. The scan has been carried out and the scanned output reveals a

match percentage of 08% which is within the acceptable limits of 10% as per the guidelines given by

UGcC,
(L
Guide. Dr. (Mrs. N.S.(Mahantashelﬁ.
Chairperson-Antiplagiarism Committee &
Principal,
J. N. Medical College, Belagavi.
To,
Reg. No. BS0120010
Postgraduate Student,
2020-21 Batch,
Department of Radiology,

J. N. Medical College, Belagavi.



ETHICAL CLEARANCE CERTIFICATE

R K L.E. ACADEMY OF HIGHER EDUCATION AND RESEARCH
'-f":o._;, (;1‘: (Deemed — to- be- Universily)
Accredited *A* Grade by NAAC (2™ Cycle) Placed in Category *A’ by MIRD (Gol)
JAWAHARLAL NEHRU MEDICAL COLLEGE,
NEHRU NAGAR, BELAGAVI-590010 (KARNATAKA-INDIA)

Phone: (+ 91-(0)831 Office : 2472550
Principal: 2471701
Fax No. +91 (0)831 — 2470759

Website: http//www.jnmc.edu
E-Mail : dome@jnme.cdu

Ref: MDC/DOME/ )4} Date: 25/01/2021

To,

PG student in Radio-diagnosis,
J.N.Mcdical College,
BELAGAVIL

Sub: Institutional Ethical Clearance for the study.

With reference to the above, we wish to inform you that your proposed rescarch project titled
“ROLE OF HIGH RESOLUTION COMPUTED TOMOGRAPHY THORAX IMAGING
IN FOLLOW-UP OF COVID-19 PATIENTS — A ONE YEAR HOSPITAL BASED CROSS-
SECTIONAL STUDY?, is ethical and justifiable. The proposed research project has been cleared

by the JNMC Institutional Ethics Committec on Human Subjects Rescarch.

(Dr. Smita Sonoli) (Dr. Harsha Hegde)
Member Secretary o Chairman,
JNMC Institutional Ethics Committcc JNMC Institutional Ethics Committce
on Human Subjects Rescarch, - "~ 77 onHuman Subjccts Rescarch,
J.N.Mcdical College, Belagavi. J.N.Mcdical College, Belagavi.



LIST OFABBREVIATIONS

COVID-19 Coronavirus Disease 2019

HRCT High-resol ution computed tomography
SARS-CoV-2 | Severeacute respiratory syndrome coronavirus 2
RT-PCR Reverse transcriptase polymerase chain reaction
RAT Rapid antigen test

CN Cranial nerve

CT Computed tomography

PHEIC Public Health Emergency of International Concern
nCoV Novel coronavirus

MERS-CoV Middle east respiratory syndrome coronavirus
ssRNA Single-stranded ribonucleic acid

CoV Coronavirus

RBD Receptor-binding domain

ACE2 Angiotensin-converting enzyme 2

RNA Ribonucleic acid

AGPs Aerosol-generating procedures

MODS Multiple organ dysfunction syndrome

PT Prothrombin time

LDH L actate dehydrogenase

ESR Erythrocyte sedimentation rate

Vi




CRP

C-reactive protein

LFT Liver function test

AST Aspartate aminotransferase

ALT Alanine aminotransferase

GGT Gamma-glutamyl transferase

ALP Alkaline phosphatase

PPE Personal protective equipment

CDC Centre for Disease Control and Prevention
ACR American College of Radiology

NCCT Non-contrast computed tomography
CTPA Computed tomography pulmonary angiogram
GGO Ground glass opacification

WHO World Health Organization

ILD Interstitial lung disease

FDG Fluorodeoxyglucose

PET Positron emission tomography

Vii




ABSTRACT

BACKGROUND AND OBJECTIVES: Since the outbreak of Coronavirus Disease
2019 (COVID-19) in Wuhan, China, in December 2019, multiple studies have been
conducted focused on the radiological changes in patients who have tested positive
for reverse transcriptase polymerase chain reaction (RT-PCR) test or rapid antigen
test (RAT). HRCT has been utilized as the primary imaging modality of choice in the
radiological evaluation of such patients. Various imaging findings, ranging from
ground glass opacities, consolidation, crazy paving pattern, and pleural thickening to
pulmonary fibrosis, have been reported in the spectrum of temporal HRCT thorax

changesin COVID-19 patients.

However, there is limited literature on the HRCT thorax imaging findings in
COVID-19 patients who have tested negative on RT-PCR test / RAT after an initial
confirmed diagnosis but continue to be symptomatic or have developed new
symptoms after resolution of the initia illness and follow-up of post-COVID-19

patients.

This study was conducted to observe the spectrum of lung findings on the
HRCT thorax and evaluate its role in the follow-up of the patients, as mentioned

above.

MATERIALS AND METHODS: A one-year cross-sectiona study was conducted
in the Department of Radiodiagnosis at KLES Dr. Prabhakar Kore Hospital & MRC,
Belagavi. The study included 223 patients who were either previously RT-PCR / RAT
confirmed COVID-19 cases who were RT-PCR / RAT negative at the time of the start

of the study or patients who were at the time symptomatic (cough, fever,

viii



breathlessness) or had developed new symptoms (cough, fever, breathlessness) after
resolution of the initia illness or had been referred to the Department of Radio-
Diagnosis, KLES Dr. Prabhakar Kore Hospital & MRC for HRCT thorax scan. All
patients were over 18 years and below 80 years of age. After taking written consent
from the patient/carer, the patient underwent an HRCT thorax scan to detect and
evaluate the lung findings. All imaging findings were noted, and the data was

analyzed.

RESULTS: Of the 223 cases in our study, 175 were males, and 48 were females.
46.2% of the patients were of the 60-80 years age group, 39.5% of the 40-59 years
age group, and 14.3% of the 18-39 years age group. At presentation, 58.3% of
patients had breathlessness, 19.7% had cough, and 18.8% had fever. Rest were either
asymptomatic or had non-respiratory complaints.

Among the various imaging findings, the most common were reticular opacities
(50.2%, p=0.024), ground-glass opacification (46.2%, p=0.013), and fibrosis (45.3%,
p=0.041). Apart from the three imaging findings mentioned above, aso statistically
significant were pneumothorax (p=0.018) and cardiomegaly (p=0.001). The mgjority
of these findings were more commonly seen in older age groups (40-59 years & 60-80
years age groups). None of the imaging findings showed statistically significant sex
predilection.

INTERPRETATION AND CONCLUSION: After recovery from the acute disease,
post-COVID-19 patients may continue to present with a myriad spectrum of clinical
features or complications. HRCT is an essentia diagnostic tool in evaluating patients
in the post-COVID-19 recovery period to look for the resolution/evolution of the lung

disease, detect its sequelae and identify complications.



The most common & statistically significant imaging findings were reticular
opacities, followed by ground-glass opacities & fibrosis. These imaging findings are
more commonly seen in middle-aged and older age groups. Pneumothorax and
cardiomegaly were also found to be statistically significant. Knowledge of the
imaging spectrum of post-COVID-19 lung and associated complications will help the
radiologists diagnose the patient accurately, thus alowing appropriate and prompt

treatment in this patient group.

Keywords HRCT thorax, pog-COVID-19, lung sequelae
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I ntroduction

INTRODUCTION

Since the outbreak of Coronavirus Disease 2019 (COVID-19) in Wuhan,
China, in December 2019, it has spread across all the continents, causing a pandemic
that has resulted in significant mortality & morbidity.! Governments worldwide have
diverted considerable resources toward understanding the pathogenesis, clinical &

imaging findings, and disease management.

High-resolution computed tomography (HRCT) thorax provides excellent
visualization & evaluation of norma anatomy as well as pathological conditions of
the lungs.? Since the lungs are the primary target organs of severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2)3, HRCT thorax has become an important
imaging modality in the pulmonary evaluation of COVID-19 patients, detecting any

pathological changein lung architecture.

Since the outbreak, multiple studies have been conducted, many of which
concluded and some still ongoing, focused on the radiological changes in patients
who have tested positive for reverse transcriptase polymerase chain reaction (RT-
PCR) test or rapid antigen test (RAT). HRCT has been utilized as the primary

imaging modality of choicein the radiological evaluation of such patients.*

Imaging findings, ranging from ground glass opacities, consolidation, crazy
paving pattern, and pleural thickening to pulmonary fibrosis, have been reported in

the spectrum of temporal HRCT thorax changesin COVID-19 patients.*

However, there is limited availability of literature on the HRCT thorax

imaging findingsin:
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* COVID-19 patients who have tested negative on RT-PCR test / RAT after an
initial confirmed diagnosis but continue to be symptomatic or have developed

new symptoms after resolution of theinitial illness, and

e Follow-up of post-COVID-19 patients.

This study aims to observe the spectrum of lung findings on the HRCT thorax

and evaluate itsrole in the follow-up of the patients, as mentioned above.
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Aims & Objectives

AIMSAND OBJECTIVES

To evauate the role of HRCT thorax scan in the follow-up of COVID-19

patients.

Objectives:

To evaluate persistent and new lung imaging findings in post-COVID-19

patients using HRCT thorax

To assess tempora changes in the HRCT lung imaging findings in post-

COVID-19 patients

To evaluate post-COVID-19 lung complications using HRCT thorax
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Review of literature

REVIEW OF LITERATURE

A thorough understanding of the key aspects of mbrlung anatomy is

essential in accurately interpreting HRCT imagethefthorax.

The lungs are essential paired organs of respiratvberein the gaseous
exchange of oxygen and carbon dioxide occurs. Toeyain airways spanning 2400
km and approximately 480 million alvedlia combined surface area of 76 with

each lung weighing about 1.1 k§s.

Gross Anatomy: The paired lungs lie within the thoracic cavitydaare separated by
the cardia and the mediastinum. Each lung is caviyethe pleura, a double-layered
serous membrane consisting of parietal and visdasars. The visceral pleura is
closely adherent to the lung surface following thierlobar fissure and each lobe.
The parietal pleura lines the lateral mediastinargms, the respiratory diaphragm,
and the thoracic wall. The potential space betwbertwo pleural layers is called the
pleural cavity, which contains a thin film of plalfluid. 0.01-0.02 mL/kg/hr pleural
fluid is produced daily and continuously absorlbedjntaining a pleural fluid level of
0.1-0.2 mL/kg — any disruption in the mechanismnofmal resorption of fluid

results in pleural effusior.

Lobar anatomy: Each lung has lobes that are further subdividea segments. The
right lung has three lobes which are subdivided it@n segments. The left lung
consists of two lobes subdivided into eight segsefhe lobes are separated from
each other by the interlobar fissures. The righglhas an oblique fissure separating
the upper & lower lobes and a horizontal fissurgasating the upper & middle lobes.
In contrast, the left lung has a singular obligissdre separating the upper & lower

lobes.’

Page 4



Review of literature

G

RiGgnur Lun

Fig. 1 lllustrative anatomy of the lungs

Bronchopulmonary segments:The bronchopulmonary segmental anatomy is based
on the tertiary/segmental bronchi. Each bronchopukny segment has its segmental
bronchus and a pulmonary arterial branch. Each eegnis anatomically &

functionally discrete, which allows surgical resectof a single segment without

affecting the other segmerits.
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The right lung consists of three lobes subdivided the following ten segments:

Lobe

Segment

Right upper lobe

Apical segment
Posterior segment

Anterior segment

Right middle lobe

Lateral segment

Medial segment

Right lower lobe

Superior segment
Medial segment
Anterior segment

Lateral segment

Posterior segment

The left lung consists of two lobes subdivided itite following eight segments:

Lobe

Segment

Left upper lobe

Apicoposterior segment
Anterior segment
Superior lingular segment

Inferior lingular segment

Left lower lobe

Superior segment
Anteromedial segment
Lateral segment

Posterior segment
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Right lung

Superior lobe
Apical (8"
Posterior (54)

Anterior (§%)

Middle lobe
Lateral (5%

Medial (%)

Inferior lobe
Superior (S%)

Anterior
basal (5%)

Lateral
basal (§%)

Lateral views

Left lung

Superior lobe

Apico-
posterior
(8™

Anterior (5)

Superior
lingular (5%)
Inferior
lingular (%)

Inferior lobe

Superior (S%)

Antero-
medial
basal (57*#)

Lateral
basal (§”)

Right lung

Superior lobe
Apical (ST}
Posterior (%)

Anterior (5%

Middle lobe
Medial (S%)

Inferior lobe
Superior (%)

Medial
basal (§7)

Anterior
basal (5%)

Lateral
basal (5%

Posterior basal (S'7)

Medial views

Left lung

Superior lobe

Apico-
posterior
(st

Anterior (§)
Superior
lingular (§%)

Inferior
lingular (5%)

. Inferior lobe

Superior (S%)

Anteromedial
basal (§78)

Lateral
basal (")

Posterior basal (§'7)

Fig. 2 lllustrative anatomy of the bronchopulmonarysegments
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Tracheobronchial tree: The tracheobronchial tree consists of a branchetgork of
tubular pathways, progressively decreasing in diamdeginning at the larynx and
ending in the alveoli. It can be divided into twanes, the conduction zone, and the

respiratory zoné’

e Conduction zone: The conduction zone consists of the trachea, bipnch
bronchioles & terminal bronchioles. Its primary &tion is to deliver the gas to
the functional zone of the lung, i.e., the alvedlhe cilia in these pathways’ walls
help remove the particulates from the inspired &he walls contain cartilage
which prevents the collapse of the airways in eatn.

* Respiratory zone: The respiratory zone consists of respiratory braleh,
alveolar ducts, and alveoli. It is the site wheas gxchange occurs. Therefore, the

respiratory zone forms the functional zone of thegk.

Arterial supply: The lungs have a dual arterial supply in the fofrppidmonary and

bronchial arteries.

e Pulmonary arteries supply deoxygenated blood toluhgs from the right

ventricle.

» Bronchial arteries are branches of the thoracidaasupplying oxygenated

blood./**

Venous drainage:

e Pulmonary veins drain the oxygenated blood from lthegs into the left

atrium.

* Bronchial veins drain into the pulmonary veins, superior vena cava & the

azygos veir:'!
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Innervation: The lungs receive the sympathetic, parasympat8etisceral afferent
fibers from the pulmonary plexus. The pulmonaryxpkecomprises parasympathetic
& visceral afferent fibers from the CN X (vagus)ddibers from the cervical & upper

four sympathetic ganglia.

» Parasympathetic supply: It arises from the CN X (vagus) and supplies fibers
from the pulmonary plexus. The pulmonary plexus poses parasympathetic &
visceral afferent fibers from the CN X (vagus) ditzers from the cervical &
upper four sympathetic ganglia.

» Sympathetic supply: It arises from the T1-T4 sympathetic ganglia via th
pulmonary plexus. It is responsible for vasodilatad the pulmonary vasculature,

bronchodilatation, and suppression of glandularesiem. *

The phrenic nerve (C3,4,5) innervates the fibrayei of the pericardium, the

diaphragm, and parts of the visceral pletra.

Lymphatic drainage: The pulmonary lymphatic system consists of a sugpalf
subpleural lymphatic plexus and a deep lymphatexyd that accompanies the
bronchovascular structures & associated intrapuémolymph nodes. Both drain into

the bronchopulmonary nodes located at the hilum.
HIGH RESOLUTION COMPUTED TOMOGRAPHY (HRCT)

Computed tomography (CT) is an imaging modalityeloasn the principle
that the internal structure of any object can lwemstructed from multiple projections
of the object. It utilizes x-rays to generate crssstional images or “slices” of the
part of the body that is scanned. These crossesedtimages are then reconstructed

based on the degree to which a tissue attenuatepabsing x-ray beams, i.e., the
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attenuation coefficients. High-resolution CT (HRCa) the thorax refers to a CT
imaging acquisition technique in which thin slid@s625 mm to 1.25 mm) of thorax
images are obtained, post-processed in a sharp;spigtial-frequency, or high-
resolution reconstruction algorithm which generatgages with a reduction in
smoothness and an increase in contrast resolufioese high-resolution images of
the lung with exquisite detail are ideal for thesessment of lung pathologies, in

particular, diffuse interstitial lung diseagé®®
COVID-19

In December 2019, local health authorities in Wyhdmbei province, China,
reported multiple respiratory infections linkedaavholesale seafood market due to a
previously unknown coronavirus, subsequently nansegtere acute respiratory
syndrome — coronavirus 2 (SARS-CoV2). In the foilogvweeks, the disease quickly

spread across other cities in China and subseguentther countrie&**°

Brief timeline:

e January 30, 2020: The WHO declared the outbreAuhan a Public Health
Emergency of International Concern (PHEIE)

* February 12, 2020: The WHO named the disease “@oinrs Disease 19
(COVID-19)"/

« March 11, 2020: The WHO declared COVID-19 a pand&ni

As of November 2022, more than 640 million docuredntases and almost
6.6 million documented deaths have occurred du€@VID-19 worldwide, with

India accounting for around 44 million cases arirfillion deaths™
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PATHOLOGY

Etiology: Viral phylogenetic analysis in preliminary reposisggested that the virus
belonged to subgenus Sarbecovirus and was mor&asimitwo bat-derived SARS-
like coronaviruses than to the SARS coronavirus tes known to infect humans,
including the one responsible for the SARS outbréak2003. Hence, it was

temporarily named 2019 novel coronavirus or 2019Vi@t the time®

Subsequently, the International Committee on Tawronoof Viruses
designated the virus as “Severe Acute Respiratpngi®me — Coronavirus 2 (SARS-

CoVv2)".%

Coronaviruses (CoVs) form a group of pathogenic eboped viruses
containing single-stranded ribonucleic acid (ssRN&gnomée? They have
characteristic surface spikes, approximately 9-a2long, which give them a solar
corona-like appearance, hence the nAM&ARS-CoV-2 has shown higher
pathogenicity compared to the previously known SARY (2002) and MERS-CoV

(2013)%*

Coronaviruses belong to Coronaviridae family ofesriidovirales. CoVs are
classified into 4 generai, B, y, andd. SARS-CoV, MERS-CoV & SARS-CoV-2

belong to thé3-coronaviruse$>2

PATHOGENESIS: Structurally, SARS-CoV-2 has four important protein

* Spike (S) protein
* Envelope (E) protein
* Membrane (M) protein

* Nucleocapsid (N) protein
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The sequences of these four structural proteing Hagh similarity to the

sequences of the corresponding structural proivMERS-CoV and SARS-Co¥

Spike protein (S)

Nucleocapsid protein (N)

RNA genome

Membrane protein (M)

™
~—————— Envelope protein (E)

Figure 3. Structure of SARS-CoV-2 virion

During cell entry, the CoVs depend on the spike g®Yeins to bind to the
host cell-surface receptor. The S protein has tausits, S1 & S2. The S1 protein
binds to the host receptor via the receptor-bindiogain (RBD). Following this, the

S2 subunit fuses to the cell membrahe.

The RBDs of S proteins of different CoVs recogndifferent cell surface

receptors for binding:

« MERS-CoV recognizes dipeptidyl peptidase 4 receptor

« SARS-CoV & SARS-CoV-2 recognize ACE2 recepfor.

The expression and tissue distribution of the abueationed cell surface

entry receptors consequently influence the trogisich pathogenicity of the virds.
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The ACE2 receptor is most commonly seen on theotdvecells of the lung
parenchyma, which explains the development of ragply symptoms (cough &
breathlessness) as the commonest clinical feafu@Q¥1D-19. The cardiovascular
effects are believed to be mediated via the saroepter, as it is also commonly

expressed on the myocardial céfls.

During its intracellular life cycle, CoV expressasd replicates its genomic
RNA to produce multiple full-length copies that amebsequently incorporated into

the newly produced viral particlés.

TRANSMISSION: COVID-19 is considered an indirect zoonosis sinteisi
transmitted now primarily human-to-human. Its traission can occur through
various mechanisms:
» Contact with droplets of upper respiratory tractreons of infected patients,
e.g., from sneezing or coughifty’
 Via aerosol transmission (i.e., airborne transmisgi e.g., by talking,
coughing, singing, expiration, aerosol-generatingpcpdures (AGPS) in
hospitals*®*—°

« Fomites transmissidh

The oro-fecal transmission was seen with SARS-Gothé SARS epidemic.
There is some evidence of oro-fecal transmissionSARS-CoV-2, although it

remains uncleat'*’

Although sexual transmission has not yet been owoefi in the field, it
remains possible as the SARS-CoV-2 virus has beemodstrated in all secretions,

including vaginal and seminal fluid8.
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Transmission through blood transfusion remains earclalthough no cases
have been documented so far. Nevertheless, sonmalabodies have advised that

potential donors should not donate blood at leatt 88 days after recovering from

COVID-19*°

The possibility of mother-to-fetus transmissiom, i.vertical transmission of
COVID-19, has not been ruled out by cohort studldswever, it seems to be a

relatively rare event, if at all it does océfif!

Transmission from pre-symptomatic & asymptomatiariees has been

documented in many communiti&s*

Zoonotic SRR;C::OVQ Human-to-human
(formerly 2019-n-CaV)

Foodborne? "
Close contact? ¥ /-

Accidental laboratory

Small droplets Emﬁ?”re?

<5 -<50pm

"« ', largerdroplets . .
sog-woum e R Blood

1 . ? ||I
| || tansfusion? | (£2Y iancplacental?

Direct contact —— | || —— >

¢ J_..m- /gi\. WJ . | Direct contact . Organ \ I{j‘

| [ —{—> with contaminated —i—» | | transplantation? | |
&3, surfaces = S AP

Perinatal?

Figure 4. Potential transmission routes of SARS-Co\2

CLINICAL PRESENTATION

COVID-19 patients typically have systemic and/espieatory manifestations
on presentatioff™® When the presentation is systemic, there can Hépheuorgan
dysfunction, in which case it is termed MODS-SARSM2 *® Gastrointestinal and

cardiovascular symptoms can occur but are less amint®
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The majority of infected individuals remain asympttic and, therefore, act

as potential carriers throughout the duration efitiness?®*°

COVID-19 has a broad spectrum of clinical manifestes, with the majority

of symptoms & signs being non-specfffc?

Common Less common Rare

* Fever (most common;| ¢ Arthralgia/myalgia + Nausea & vomitin{f
85%-90%) + Headache$ « Abdominal pain,

* Cough (second most | « Dermatologic lesions — gastrointestinal
common; 65%-70%) erythematous rash bleeding®

« Anosmia (45%)° « Sore throat « Stroke’®

« Fatigue (40%) « Chills « Nasal congestidii

« Sputum production « Diarrhed® « Palpitation&®
(35%) « Splenomegaly » Hemoptysis’

» Breathlessness (20%) » Confusion, altered

consciousness,
paraesthesia,
seizure3"®

* Ocular symptoms
(e.g., epiphora,
conjunctivitisf*

« Hiccup$?

Pediatric patients usually have milder presentatiaa compared to adults.
Children typically present with fever, sore throaheezing, dry cough, and myalgia.

Diarrhea, rhinorrhea, lethargy & vomiting are lessnmonly seefi*®*
DIAGNOSIS
RT-PCR Test

The real-time reverse transcriptase polymerasenaiaiction test, RT-PCR, is
the gold standard diagnostic investigation for SARS/-2. It is a highly specific test

for SARS-CoV-2. However, the reported sensitivitytle test varies, ranging from as
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low as 60% to as high as 97Pooled sensitivity of the test based on meta-aimly
is reported to be about 89% which suggests thaé fakgatives can be of significant
clinical concern and multiple negative tests amguied in a case to exclude the

disease confidenti§f

The test’s sensitivity depends on the durationesiexposure to the virus. The
false-negative rate drops from 100% on tfeday after exposure to 67% on thH 4
day, further falling to 38% on the day of onsetspiptoms and reaching a nadir of
20% about three days after symptom onset. Followhigy it begins to rise again and

reaches 66% on day 21 after the date of expdSure.
Rapid Antigen Test or Lateral Flow Assays

Rapid antigen tests (RATS) are lateral flow immuahoomatographic assays
in which analytes (antigen in RAT) are detected isample from the patient’'s upper

respiratory tract®
HRCT as a Diagnostic Test

Multiple radiological societies have stated thatGIRimaging findings should
not be relied upon as a screening or diagnosticftwoCOVID-19. HRCT imaging
findings are not part of the COVID-19 diagnosticitema in multiple panel
recommendation®’* However, HRCT as a diagnostic tool has been atliby

many despite the recommendations not to d&'5b.
LABORATORY TESTS

The common laboratory findings in COVID-19 patienisclude the

following®: 72747
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+ Lymphopenia

« Thrombocytosis

+ Raised Prothrombin Time (PT)

+ High Lactate Dehydrogenase (LDH)

Other commonly identified laboratory abnormalitieslude:

« Mildly elevated inflammatory markers (ESR & CRP)

- Raised D-dimer

« Mildly raised serum amylase

+ Mildly deranged LFTs are common, primarily raisedspartate

aminotransferase (AST) & alanine aminotransferAsd )

o Mild increase in bilirubin

o Normal gammaglutamyl transferase (GGT) & alkaline phosphatase

(ALP)

IMAGING IN COVID-19

Imaging indications

There is a great degree of global variation in theeshold for imaging
potential/ confirmed COVID-19 patients due to looadources, regionally published

guidelines, and the sociocultural approach to tadioal imaging.

The use of HRCT as a primary imaging screening i®olot encouraged, not

least because these studies tended to suffer feteot®n bias, with a meta-analysis,
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in April 2020 reporting a pooled sensitivity of 94%#md specificity of 37%. In
countries with low prevalence (<10%), the positpredictive value of RT-PCR was

ten-fold that of HRCT chest>’%7®7

On April 7, 2020, the Fleischner Society publisl@ethultinational consensus

statement® a summary of recommendations of which is descrijzdw:
* Main recommendations:

o Imaging as a screening tool is not routinely intddafor COVID-19 in

asymptomatic individuals.

o Imaging is not indicated for cases with mild clalideatures of COVID-

19 unless they are at risk for disease progression.

o Imaging is indicated for cases with moderate-teesevfeatures of

COVID-19 regardless of COVID-19 test results.

o Imaging is indicated in COVID-19 cases with featur@dicative of

worsening respiratory status.

0 In a resource-constrained environment with limigctess to HRCT,
chest radiography may be a preferred imaging migdaii COVID-19
cases unless features of deteriorating respiratatyis warrant the use of

HRCT.
+ Additional recommendations:

o Daily chest radiographs are not indicated in stablebated patients

with COVID-19.
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o CT is indicated in patients with functional impaenm and/or

hypoxemia after recovery from COVID-19.

o COVID-19 testing is indicated in patients inciddiytdound to have

findings suggestive of COVID-19 on a CT scan.

Moreover, there are additional risks in performHBCT routinely for large patient

cohortg®:
+ depletion of limited & finite resources (e.g., doeexcessive usage of PPE)

« increased risk of transmission of the virus (toltheare workers, patients, and
carers) because of the proximity of the COVID-1%ifee & negative

patients in the radio-diagnosis department
+ additional exposure to ionizing radiation.
Infection precautions

Clear guidelines regarding infection control argérative, given that the healthcare
workers in a radio-diagnosis department are oftetha frontline when handling

COVID-19 patients. Various precautionary measunehide:

* Precautions against droplet-type transmission: Medmasks, whole-body
gowns, gloves, & protection of eyes (aerosol-geimgyaprocedures require

whole-body aprons & N95 mask3)

* Portable radiography for patients requiring genewdiography (to limit
transportation of patients) or in dedicated aumjliamaging units. Patients
requiring transport to departments must wear an5Nflask during

transportation. All machines, including any ancill&quipment used in the
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examinations, should be cleaned after the examimaitare over. It is also
recommended that two radiographers be present gluany imaging
examination, using the system of 'one clean and ioneontact with the
patient' to minimize cross-contamination. SARS-CdVs known to survive
on a surface for as long as 72 hours, which retef®ithe need to protect the
equipment with barriers (e.g., covers) and the igmze of thorough cleaning

of the equipment between patiefits.

Non-urgent care

The Centre for Disease Control and Prevention (CBCjhe American
College of Radiology (ACR) recommend reschedulidlg n@n-urgent outpatient

appointment§!

The British Society of Skeletal Radiologists recoemuis that soft tissue,
perineural, and intra-articular steroid injectiomay decrease viral immunity and,
hence, should be avoided unless they are absohgelyssary. However, this decision
has been criticized for its highly uncompromisimpeoach, particularly due to a lack
of clear underlying evidence, with many suggestimat the risk-benefit calculation

favors performing the procedure in many patiéhts.

CT protocol

For the majority of patients requiring HRCT, a mmmtrast CT scan of the

thorax with slice thickness between 0.625 mm tomng is indicated’®

If an iodinated contrast study or CT pulmonary aggam is indicated, an
NCCT scan should be done prior to the administnadibthe contrast. This is because

the interpretation of GGO patterns can be impabtethe contrast mediufi.
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Although there is a higher risk of pulmonary thraeambolism in severe
COVID-19, current recommendations suggest thatredivalues should be used to
justify a CTPA. At present, there is no clear ewig2to suggest that there is a benefit
to performing CTPA on initial presentation as filise imaging in patients suspected

of COVID-198%-8°
RADIOGRAPHIC FEATURES

The primary imaging findings of COVID-19 seen onesh radiographs &

HRCT are those of organizing pneumonia or atygiceiumonia?>2%-86:87

When patients have a mild disease or are earlyendisease course, about
18% of patients show normal chest radiographs o€HRThis number can decrease
to about 3% in severe COVID-19. As a result, theaging has shown limited

sensitivity for the diagnosis of COVID-18?

COVID-19 commonly involves both lungs and multippees®°

Currently, the majority of radiological associasorecommend that imaging
should not be employed for screening or diagnosingiead reserved for the

evaluation of complications due to COVID-1%.
Plain radiograph:

Chest radiography is the first-line imaging modalit cases with suspected
COVID-19, although it is less sensitive than HR@Brax™ Portable radiography

units are preferred because of the ease of decoretion®®

Early/mild disease usually has normal chest radiplgs. In a retrospective

study conducted by Wong et al in 2020, it was shdvat 69% of COVID-19 cases
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that required hospitalization had chest radiogratimormalities at the time of
admission, and about 80% of patients had abnormasttcradiographic findings
sometime during the hospitalization period. Chestiagraphic findings were most

extensive 10-12 days after the onset of sympt8ims.

Airspace opacities are the most frequent findifidgese can be in the form of
consolidation or GGO. Most often, these are distel bilaterally, peripherally, and
predominantly in the lower zone. GGO is more comrearly in the course and may

precede the development of consolidation. Pledfasien is rarely seeff*

There are no published data regarding cardiac skseaaluation on chest
radiographs even though cardiac involvement is dl-rnweognized feature of

CoOVID-19%
HRCT:

COVID-19 pneumonia typically presents on HRCT tlxaraaging as bilateral
peripheral opacities with a predominant lower luigtribution. The opacities are
most commonly ground-glass opacities (GGOs) widaarof consolidation. They are

often nodular or mass-like and resemble organipimgumonia pattertf.

An important imaging sign noted in COVID-19 is tteverse halo sign, which
is a focal and rounded area of GGO surrounded byn@ or arc of denser

consolidatior?®

Page 22



Review of literature

GGOs can also follow a diffuse pattern, in whicke&€OVID-19 may mimic

other infections, inhalational lung disease, andydoxicities™

Fig. 5 Axial HRCT thorax image (lung window) showirg bilateral ground-glass

opacities and dilated segmental and subsegmentalsaels

Many patients will present with some but not altlod prototypical features of
COVID-19 that have been well described, e.g., ttgept may present with unilateral
opacities which have rounded morphology, or thecitigs may be distributed
predominantly in the upper lobes and still retainbpeural or peripheral

distribution®®
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RSNA Expert consensus reporting system for COVID-18°

Category

Description

Typical appearance

Bilateral, peripheral GGOs * consolidation or vigip

intralobular lines (i.e., crazy paving pattern)

Multifocal rounded GGOs * consolidation or visil
intralobular lines (i.e., crazy paving pattern).

Reverse halo sign / other findings suggestive
organizing pneumonia.

Indeterminate appearance

Absence of typical imaging features AND presence

» Diffuse, multifocal, perihilar, or unilateral GGQs

consolidation lacking specific distribution; thata

of

of

non-peripheral or non-rounded and lack a specific

distribution pattern; or that are non-peripheral
non-rounded

* Few GGOs that are very small and non-roun
and lack peripheral distribution

Atypical appearance

Absence of typical/indeterminate COVID-19 featu
AND presence of:

» Isolated segmental or lobar consolidation with
absence of GGOs

» Discrete small nodular opacities (“tree-in-bu
centrilobular)

* Lung cavitation

* Smooth interlobular septal thickening + pleu
effusion

* Pneumothorax

or

ded

res

ral

Negative for pneumonia

No HRCT features suggestive of pneumonia.

A retrospective study in 2020 reported that the @itbarotrauma in COVID-

19 patients who were mechanically ventilated washmhigher (24%) compared to

patients with other causes of ARDS (11%).
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Four stages of temporal HRCT imaging changes duaictive COVID-19
have been describéd®® In the early or initial stage (0-4 days), HRCT a0
normal imaging findings or only GGOs. In the pragiee stage (5-8 days), there is a
progressive increase in GGOs and the appearanca ofazy paving pattern.
Consolidation is seen in the peak stage (9-13 ddgs)he absorption stage (>14
days), as the disease course improves, “fibroysestr appear with the resolution of

the abnormal imaging findings at one month or belyon

Ultrasound: Lung ultrasonography has shown to have significatiity in the
management of COVID-19 pneumonia due to its precjdiow cost, safety, absence

of radiation & point of care use. Ultrasonograplay aid in%°

* rapid initial assessment of the severity of pneual&RDS

tracking the evolution of disease
* monitoring lung recruitment maneuvers

* guiding response to a prone position and extracegpanembrane therapy

making decisions regarding weaning the patienbbffentilatory support

Ultrasonographic findings noted in COVID-19 pneuriacare®®%3

* B lines (discrete, multifocal, or confluent)
0 These can be in focal, multifocal, or confluentats.
0 They represent thickened subpleural interlobulptese
o The thickened septa manifest as a vertical broaddaeverberation
artifact known as a light beam sign.

» Thickened pleural line which is irregular and sh@eattered discontinuities
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» Consolidations can present in different patternaul{ifocal small, non-
translobar, or translobar consolidations with melilr bronchograms)

0 Subpleural consolidations may be associated wibcalized pleural
effusion. On color Doppler study, these are redyivavascular.
Pneumonic consolidations typically demonstrate gme=i vascular
flow or hyperemia.

0 Alveolar consolidations with static & dynamic aironchograms are
seen. These are usually associated with progressvere disease.

» Multilobar distribution of abnormalities

* Pleural effusion is a relatively rare finding.

In mild infections and early stages, fo&lines are usually the main features.
Alveolar interstitial syndrome is usually the mé&gature in critically ill patients and
in the progressive stages. In the convalescene steith restitution of aeration, there
is reappearance ok lines. Patients who develop pulmonary fibrosis destrate

pleural line thickening and unev@nines'®%

NUCLEAR MEDICINE (PET-CT)

There is increased FDG uptake in the GGOs in COWDpneumonia. In a
retrospective study comprising a small study sangoleducted in Wuhan, it was
noted that patients who demonstrated higher FD@kepin the pulmonary lesions
took longer to recover. The higher FDG uptake esthpatients positively correlated

with the ESR valug®+1%
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RADIOLOGY REPORTING OF COVID-19
Plain radiograph reporting

Various radiological societies have published rez@ndations for reporting
radiographs of COVID-19 patients. The British Sogief Thoracic Imaging (BSTI)

published the following radiograph reporting profiar'®’

Findings:

* Normal
COVID-19 not excluded. Correlate with RT-PCR.

» Classic/Probable COVID-19
Predominantly peripheral and usually bilateral pigt opacities in
lower lobes

* Indeterminate for COVID-19
Imaging findings do not fit the classic or non-C@V19 descriptors.

* Non-COVID-19
Lobar Pneumonia/ Pneumothorax/ Pleural effusioithBoary edema
Other findings

Quantifying disease:

Mild/ Moderate/ Severe
BSTI has also published the following post-COVID-dest radiograph proformt&’

COVID-19-related Findings:

* Resolved
Normal imaging findings/No significant persisting O¥ID-19

changes/Return to the pre-COVID-19 baseline
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« Significantly improved
> 50% abnormal imaging findings have resolved (extedensity of
opacification)

» Not significantly improved/ unchanged
< 50% abnormal imaging findings have resolved (&xtedensity of
opacification)

» Worsening
Development of fibrosis (even if alveolar opacitiemve improved)/

Deteriorating alveolar opacities

Other findings:

* Lung malignancy; Pneumomediastinum; Pneumothorasw Non-

COVID-19 infection(s) / Pleural effusion(s)
HRCT Reporting

In March 2020, a consensus statement was releageitheb Radiological
Society of North America (RSNA) to standardize mtjpg of COVID-19 on HRCT.
The American College of Radiology (ACR) and the i8gcof Thoracic Radiology
endorsed the statement. It classifies the HRCT appee of COVID-19 into the

following four categories®®
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Reported Language for CT imaging findings related ® COVID-19.

COVID-19 Rationale CT Findings Suggested
pneumonia Reporting
imaging Language
classification
Typical Commonly Bilateral, peripheral “Commonly
appearance reported imaging | GGOs * reported imaging

features that are
highly specific for
COVID-19
pneumonia

consolidation or
visible intralobular
septal lines (i.e.,
crazy paving
pattern)

Multifocal rounded
GGOs
t+consolidation
Ivisible intralobular
septal lines (i.e.,
crazy paving
pattern).

Reverse halo sign
or presence of othe
imaging features of
organizing
pneumonia

features of COVID;
19 pneumonia are
present. Other
processes such as
influenza
pneumonia &
organizing
pneumonia, as can
be seen with drug
toxicity and
connective tissue
disease, can cause
a similar imaging
rpattern.”

Indeterminate
appearance

Imaging features
that are
nonspecific for
COVID-19
pneumonia

Absence of typical
features +
Presence of:
Diffuse, multifocal,
perihilar, or
unilateral GGOs *
consolidation with
nonspecific
distribution and are
non-peripheral or
non-rounded

Few very small
GGOs with a non-
peripheral and non;
rounded

distribution

“Imaging features
can be seen with
COVID-19
pneumonia, though
are non-specific
and can occur with
a variety of
infectious and
noninfectious
processes.”

A
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Overview of CO-RADS categories and the correspondglevel of suspicion for

pulmonary involvement in COVID-19

Atypical
appearance

Uncommon
imaging features
or imaging
features that are
not reported for
COVID-19
pneumonia

Absence of typical
or indeterminate
imaging features
AND Presence of:
- Isolated segmentg
or lobar
consolidation
without GGOs.

- Discrete small
centrilobular
nodules (“tree-in-
bud” appearance)
- Lung cavitation

- Smooth
interlobular septal
thickening + pleura
effusion

“Imaging features
are atypical or
uncommonly
reported for
ICOVID-19
pneumonia.
Alternative
diagnoses should
be considered.”

Negative for

No features of

No HRCT imaging

“No CT findings

pneumonia pneumonia features suggestive present to indicate
of pneumonia, in | pneumonia. (Note:
particular, absence| HRCT may be
of GGOs and negative in the
consolidation early stages of
COVID-19).”
CO-RADS

The Dutch Association for Radiology proposed an HRECoring system for
COVID-19 and called it CO-RADS (COVID-19 reportiagd Data system). It aimed
to ensure uniform & replicable CT reporting. Itigss a score of 0 to 6, depending on
the HRCT findings. A score of 0 is given if the @Tuninterpretable. A score of 6 is

given if there is a confirmed RT-PCR t&%t.
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CO-RADS Category Level of suspicion for Summary
pulmonary involvement of
COVID-19
0 Not interpretable Scan technically insufficient
for assigning a score
1 Very low Normal or noninfectious
2 Low Typical for other infections|
but not COVID-19

3 Equivocal/unsure Features compatible with
COVID-19 but also others

4 High Suspicious for COVID-19

5 Very high Typical for COVID-19

6 Proven RT-PCR positive for SARS-

CoV-2

TREATMENT AND PROGNOSIS
Treatment

A multi-pronged approach focusing on public heattleasures to prevent
interhuman transmission of SARS-CoV-2 is requiredjuding measures such as
usage of face masks, meticulous hand-washing, geosbnal hygiene, ventilation,

social distancing, avoidance of crowded environmeitself-isolation-*°

Research has shown that aerosol transmission hasre significant role to

play in the spread of the virus than previouslyidveld. Measures such as better
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ventilation (which can be as simple as openingwthrglows) and control systems for

aerosol infection (e.g., air filtration, UV lighti) help counter it***

Rapid diagnosis, quarantine, and providing effectisupportive therapy
(antibiotics, antivirals, supportive measures)i® infected patients play an important
role not just in the management of the patientddsb in preventing further inter-

human transmission of the virus.

Both non-invasive and invasive mechanical ventlati& extracorporeal

membrane ventilation (ECMO) have also been utilized
Prone positioning (“Proning”)

Placing in a prone position has been shown to irgtang oxygenation in

COVID-19 patients??
Antiviral therapy

Ronapreve, a formulation comprising of two poterdnaclonal antibodies,
imdevimab and casirivimab, was the first specifitiaral drug for adult COVID-19

patients:*®

Molnupiravir, an analogue of cytidine originally \@#oped for treating

influenza, is currently in phase 3 trials for theatment of COVID-19411°

Protease inhibitors, which showed success in trgaBARS, have been
utilized as combination therapy in the managemér@®VID-19.1***" However, a
recent randomized controlled trial failed to showy @dded benefit of combination

therapy of lopinavir-ritonavit*®
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Remdesivir and baricitinib in combination againsARS-CoV-2, showed
promising in vitro result$"®*?° A preliminary trial in May 2020 showed a slight
reduction of time to recovery in patients who weréministered remdesivif:
However, there were concerns about the crediblitthis study, and remdesivir did
not show evidence of a decrease in mortality oucédn in the duration of hospital

stay’??

A few other antivirals that are in phase lll trigiglude lopinavir, oseltamivir,

ASCO9F, ritonavir, cobicistat, and daruna¥it.

In June 2020, RECOVERY (Randomized Evaluation oMZIBL9 therapy)
randomized controlled trial showed dexamethasongetwease mortality by 33% in
patients on mechanical ventilation and by 20% im-wentilated patients who
required oxygen. There was no evidence of bengefipatients who did not need

respiratory support?

In early 2020, a few in vitro studies reported thatloroquine &
hydroxychloroquine, both antimalarial drugs, dent@isd strong anti-SARS-2-CoV
activity. An initial RCT demonstrated that patiemtsated with hydroxychloroquine
showed a significant reduction in viral carriagers with a lower carrying period.
Furthermore, when used in combination with azithyoim, it showed a synergistic
effect!?>*?*However, this trial was later strongly criticizedcause of gross flaws in
its methodology and questionable conclusions. Tdsitipe effects of these drugs that
were previously described have not been replicatéater research, and there may be

side effects as welf’
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Another drug that has been explored in the managemwie COVID-19 is
ivermectin. The WHO recommends not using ivermeétin COVID-19 patients,

regardless of the disease severity, except imialitrial setting'?®
Early therapy

A recent retrospective study showed evidence thdy ¢reatment of COVID-
19 patients within 72 hours with low-dose aspirindomethacin, omeprazole,
bioflavonoids, azithromycin, heparin, and betamstim@ results in the reduction of

the disease severity and the rate of hospitaliaslfd
Passive Immunity

Another treatment modality utilized in managing QDM 9 patients is the
one based on passive immunity. This includes c@secaint plasma and hyperimmune

immunoglobulins=*-33

» Convalescent plasma is obtained from patients wdna rcompletely
recovered from COVID-19 and therefore contains bamies against
the SARS-CoV-2.

e Hyperimmune immunoglobulins are the purified andiles that are

prepared from convalescent plasma.

These have shown some degree of success in dyititglatients. However,
in May 2020, a Cochrane review failed to find amnwncing evidence that these

modalities were indeed an effective treatméht.
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Vaccines

The spike (S) protein is the primary antigen tarigetdeveloping vaccines
against the coronavirus. The spike protein is lt¢a@n the surface of the virion and is
an important antigen playing a vital role in incdugian immune response in

ViVO.134_136

About 125 SARS-CoV-2 vaccines were originally irvelepment. About ten
of these vaccines are now being used globally, evklile rest remain either in

development or were abandoned because of lackichef 3¢

Anti-SARS-CoV-2 vaccines may be classified based tbair mechanisms of

action}3413%

Genetic vaccines Protein vaccines:

- Adenoviral vector vaccines: e.g., + Protein subunit vaccines:
Oxford-AstraZeneca, Covishield, e.g., Novavax, CorBEvax,
Sputnik V Covovax

+  mRNA-based vaccines: e.g., Pfizer, |+ Inactivated virion: e.g., Covaxin,

Moderna Sinopharm

« DNA-based vaccines: ZyCoV-D

Of these, the vaccines available in India includdefbllowing:

* Covishield
« Covaxin
e Sputnik V

¢ CorBEvax

+ AyCoV-D
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REVIEW OF RELEVANT STUDIES

HRCT thorax has played an indispensable role indiagnosis, evaluation &
management of COVID- 19 patients. Its role duriegta COVID- 19 infection has
been extensively documented; however, the datahenradiological features of

sequelae and complications is still unfolding.

Lingering symptoms have been documented in a $igmf percentage of
patients in the post-recovery phase, with coughdysppnea being the most common
respiratory symptoms. Therefore, awareness of uhg barenchymal changes that
may persist in the recovered COVID- 19 pneumonigepts and their evolution or
resolution patterns is essential. It's equally imi@ot to be aware of the radiologic
imaging features of pulmonary complications notammonly seen as immediate or

long-term consequences of COVID- 9.

Since the outbreak in December 2020, studies hega bonducted worldwide
to study the long-term imaging features & sequaddeCOVID-19. HRCT of the
thorax has been the imaging modality of choicetlierevaluation of post-COVID-19
patients'®®

A prospective longitudinal study by Wang et al andary 2020 - February
2020 in Wuhan, China, described the temporal ctemgeHRCT thorax imaging
findings in COVID-19 pneumonia. It showed that tHRCT imaging abnormalities
progressed quickly after the onset of symptomskipgaat day 6- day 11 of the
illness. Following this period, the abnormalitiesrgisted at a high level. The most
common pattern of imaging findings was GGO. Theoedcmost common imaging
finding seen in the initial period was consolidatiorhe mixed pattern (including

GGO, architectural distortion, and consolidatioepked between days 12 & 17 of
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illness. 94% of discharged patients showed resitmabing findings on the final

HRCT, with GGOs being the most common imaging paft&

Yu-Miao Zhao et al conducted a multi-center retezdjwe cohort study in
January-February 2020 that included COVID-19 swmgvwho underwent HRCT
thorax imaging, pulmonary function testing (PFTiaddaboratory testing of serum
levels of IgG antibodies against SARS-CoV-2 3 menthfter discharge. A
considerable proportion of these subjects showed®RSEoV-2 infection-related
radiological findings, clinical symptoms, elevat@elimer levels, and abnormal PFTs

results even three months after dischafge.

A prospective study was conducted by Han et al istbng of 114 patients
who had been treated for COVID-19 and dischargad/den December 2019 and
February 2020. Initial & follow-up HRCT scans wetene at 17 days (11 days) and
175 days (¥20 days), respectively, after the omdesymptoms. 35% of subjects
showed fibrotic changes in the follow-up HRCT, 3&¥ocases showed complete
radiologic resolution, and 27% showed GGO of iniga septal thickening. The
fibrotic changes were associated with the patiarite were older, who had severe
COVID-19 pneumonia initially, longer hospital stayacute respiratory distress
syndrome (ARDS), non-invasive mechanical ventilatitachycardia, and higher
initial CT severity score. The common persistemniglyparenchymal abnormalities on
HRCT Thorax scans at three months, six months,omedyear after resolution of the
primary disease included ground-glass opacities Q&G reticular opacities,
interlobular septal thickening, crazy-paving patierparenchymal bands, and
bronchiectatic changes (traction bronchiectasistitmlectasis) and

honeycombing**
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Xiaoyu et al conducted a year-long prospective ysind2020-2021 to study
the fibrotic lung abnormalities one year later atipnts with severe COVID-19. The
study showed that fibrotic interstitial lung abnalities were common & persistent at
one-year follow-up HRCT in patients who had sev€@VID-19, which indicates

that these persistent fibrotic changes in lategestanay be irreversibfé?

Liu et al observed the pulmonary imaging sequatagischarged COVID-19
patients. Their study showed that younger pati¢xatl years) had a significantly
higher chance of complete radiological resolutibant older patients at as early as
three weeks. There was a gradual reduction indheatof GGOs, fibrotic stripes, and
adjacent pleural thickening. GGOs resolved completéathin the 1st week after
discharge, with the fibrotic stripes showing obwaesolution during 3rd week after
discharge. Almost 50% of patients had complete ofadical resolution of the
disease. 40% of the patients had persistent rdsftheings on HRCT thorax, of
which fibrotic bands and GGOs were the most comniavo unique features, the
“tinted” sign (extension of the area of GGO withreduction in density) and
bronchovascular bundle distortion, were discovetedng the evolution of imaging

findings*

In a prospective study to determine clinical/phiggacal features & imaging
findings at three months follow-up, Zhao et al daded that persistent HRCT
abnormalities were present in almost 70% of patie@round-glass opacities,
interstitial thickening, and crazy-paving patterneres the common imaging

findings1*°

Han et al conducted a prospective 6-month followsipdy on patients

recovering from severe COVID-19 and found that 6&8%atients showed complete
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resolution of the disease on CT. 27% of patientsvell residual GGOs / interstitial
thickening at six months follow-up. Fibrotic chasgeere seen in 35% of patients and
included bronchiectatic changes, parenchymal baati¥,or honeycombing. Patients
with fibrotic lung disease at six months were fodadhave had a higher CT severity
score at initial imaging. This patient group alsalta higher incidence of ARDS in
the initial acute phase with frequent mechanicahtilegion than the group that
demonstrated complete resolution or had GGOs oy study also showed that
77% of patients with fibrotic interstitial lung atimalities at six months follow-up
had persistent fibrotic changes even after one, yehite 63% of patients who had
non-fibrotic interstitial lung abnormalities at 6emth follow-up showed complete

resolution at one yeaf?

In a prospective study of 118 patients who hadver from moderate-to-
severe COVID-19, Caruso et al showed that at 6-mfoitow-up HRCT, 72% of the
patients had fibrotic changes. A baseline CT sevescore of >14 significantly
predicted the development of fibrotic changes i plost-recovery phase. The most
common imaging finding reported were persistent GGEeptal thickening, and

consolidation:**

Association between fungal infections and COVID{i#s been studied by
many, including the WHO REACT (Rapid evidence apgaiafor COVID-19
therapies) working group, which stated that immuesregulation, underlying
comorbidities (e.g., diabetes mellitus), usage mimunomodulatory drugs and
corticosteroids likely increase the risk for supgosed fungal infections in post-

COVID-19 patientg#>14¢
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J. Jung et al conducted a study comparing HRCTirfgsd in invasive
pulmonary aspergillosis and pulmonary mucormyco3ise presence of imaging
features like mass-like consolidation, cavitatigieural effusion, “halo sign,”
nodules, “air crescent” sign, and “reverse halgjnsin post-COVID-19 patients
should raise suspicion of fungal infections. Somighe characteristic features of
invasive fungal infections seen in patients withG@VID-19 (such as GGOs, “halo
sign,” consolidation) can overlap with the imagirsgquelae of COVID-19
pneumonia. The presence of thickened bronchial swallith peribronchial
consolidation and centrilobular nodules in clustéasor COVID-19 associated
aspergillosis (CAPA). The presence of pleural effus “reverse halo” sign and
concurrent sinusitis point towards COVID-19 asstmdapulmonary mucormycosis
(CAPM). Often, laboratory/histopathological diagisoss required in addition to

imaging for confirmatiort?’

Soni et al reported the uncommon complication @&up®aneurysms in post-

covid19 fungal infection$*®

Schulte-Schrepping et al's study showed that immdgsregulation and
immunosuppression make COVID-19 patients more sidde to developing
superadded bacterial infections. Few post-COVIDpaflents too remain vulnerable
to developing infections due to Streptococcus praxuae, Staphylococcus aureus,

and Hemophilus influenzaé®

A case report by Zahid et al highlighted the inoke of cases of pulmonary
tuberculosis in post-COVID-19 patients (particufarin tuberculosis-endemic

countries), with immunosuppression due to sterplelging an important rol&?
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A review article by Garg et al stated that the emee of underlying
pulmonary parenchymal changes of sequelae dueitoagr COVID-19 infection
might make it challenging to identify superimpodedtterial infections in patients of
post-COVID-19 pneumonia. The presence of nodulaispace opacification,
consolidation, and cavitation should raise suspi@bsuperadded infections in these
patients. Radiological differentiation between fahgand bacterial pulmonary
infections can be difficult. The presence of rantjodistributed nodules, “reverse
halo” sign, cavitation, and concurrent sinusitisvdia the diagnosis of fungal
infections, while the presence of lobar consolmi@i centrilobular branching
nodules, and pleural effusion favor the diagnogi®axterial infections. Cavitating
bacterial pneumonias (particularly those cause8.bgureus, K. pneumoniae, and M.
tuberculosis) are often indistinguishable from falngneumonias. Histopathological
evaluation in the form of sputum/endotracheal samm bronchoalveolar lavage

helps make the correct diagnokis.
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MATERIALSAND METHODS

Sour ce of data: Previously confirmed COVID-19 cases that are currently RT-PCR /
RAT negative and have been referred to the Department of Radio-diagnosis, KLES

Dr. Prabhakar Kore Hospital & MRC for HRCT thorax.

M ethod of collection of data:

e Study design: Cross-sectional study
« Samplesize: Since thisis a new study, the prevalence of the study population
with the required attributes and, consequently, sample size cannot be
predicted. Therefore, patients with the required attributes referred between 1st
January 2021 and 31st December 2021 will be enrolled in the study.
* Sampling method: Universal sampling; patients in the age group of 18-80
years will be enrolled in the study.
e Study duration: January 2021 - December 2021
* Inclusion criteria:
1. Previously RT-PCR / RAT confirmed COVID-19 cases who are now
RT-PCR / RAT negative
2. Patients who are currently symptomatic (cough, fever, breathlessness),
or have developed new symptoms (cough, fever, breathlessness) after
resolution of the initial illness, or have been referred to the Department
of Radio-diagnosis, KLES Dr. Prabhakar Kore Hospital & MRC for
HRCT thorax.

3. Patients over 18 years and below 80 years of age
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Exclusion criteria:

1. Patientswho are currently RT-PCR / RAT positive

2. Patients with a history of pulmonary diseases other than COVID-19

3. Patients receiving any therapy that may cause any pathological change

in pulmonary architecture

4. Patients below 18 years and over 80 years of age
M ethodology: Previously confirmed and consenting COVID-19 patients who
are currently RT-PCR / RAT negative and are either symptomatic or have
developed new symptoms after resolution of the initial illness and have been
referred to the Department of Radio-diagnosis, KLES Dr. Prabhakar Kore
Hospital & MRC, Belagavi for HRCT thorax will be enrolled in this study.
Patients will undergo an HRCT thorax scan in the Genera Electronics (GE)
Revolution CT (128 dlice, single tube machine) to detect and eval uate the lung
findings. Once the HRCT thorax is done, imaging findings will be noted and

analyzed. The datawill be collected using a standard questionnaire.
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RESULTS

A total of 223 post-COVID-19 patients observing the inclusion & exclusion criteria

were included in this study.

Table 1. Gender-wise distribution of cases

SEX No. of cases Percentage
F 48 21.5%
M 175 78.5%

Total 223 100.0%

Graph 1. Pie chart showing the gender-wise distribution of cases

mF

M

Of the total 223 cases, 48 were females (21.5%), and 175 were males (78.5%).
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Table 2. Age-wise distribution of cases

AGE GROUP Frequency Percent
18-39 yrs 32 14.3%
40-59 yrs 88 39.5%
60-80 yrs 103 46.2%

Total 223 100.0%

Graph 2. Pie chart showing the age-wise distribution of cases

W 18-39yrs
W 40-59 yrs
™ 60-80 yrs

Of the 223 cases, 32 cases were between 18-39 years age group (14.3%), 88 were

between 40-59 years (39.5%), and 103 were between 60-80 years (39.5%).
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Graph 3. Bar graph representing age-wise frequency distribution of male & female

patients.

0,
90.0% - 78.1% 23.9% 82.5%
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50.0% - M 18-39 yrs (n=32)
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4 ] - -
40.0% 761% 40-59 yrs (n=88)

21.9%
o/ M 60-80 yrs (n=103
30.0% TTE% yrs ( )

20.0% -
10.0% -

0.0%

In the 18-39 years age group, there were 7 females (21.9%) and 25 males (78.1%). In
the 40-59 years age group, there were 23 females (26.1%) and 65 males (73.9%). In

the 60-80 years age group, there were 18 females (17.5%) and 85 males (82.5%).
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Table 4. Frequency distribution of symptoms

SYMPTOMS Frequency Percent

Cough 44 19.7%

Breathlessness 130 58.3%

Fever 42 18.8%
Asymptomatic/Non-respiratory symptoms 65 29.1%

Graph 4. Bar chart showing the frequency distribution of symptoms

58.3%
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Cough was present in 44 cases (19.7%), breathlessness in 130 cases (58.3%), and

fever in 42 cases (18.8%). There was either absence of symptoms or the presence of

non-respiratory symptoms in 65 cases (29.1%).
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Graph 5. Bar chart showing the age-wise frequency distribution of clinical

symptoms
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Of the total 32 cases in the 18-39 years age group, 5 cases (15.6%) presented
with cough, 14 cases (43.8%) with breathlessness, 8 cases (25.0%) with fever,
whereas 14 cases (43.8%) were either asymptomatic or had non-respiratory

symptoms.

Of the tota 88 cases in the 40-59 years age group, 18 cases (20.5%) presented
with cough, 50 cases (56.8%) with breathlessness, 17 cases (19.3%) with fever,
whereas 23 cases (26.1%) were either asymptomatic or had non-respiratory

symptoms.

Of the total 103 cases in the 60-80 years age group, 21 cases (20.4%)
presented with cough, 66 cases (64.1%) with breathlessness, 17 cases (16.5%) with
fever, whereas 28 cases (27.2%) were either asymptomatic or had non-respiratory

symptoms.
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Table 6. Frequency-distribution of HRCT imaging findings

Results

HRCT IMAGING FINDINGS FREQUENCY PERCENT
Ground glass opacification 103 46.2%
Reticular opacities 112 50.2%
Septal thickening 54 24.2%
Consolidation 59 26.5%
Cavity 24 10.8%
Abscess 3 1.3%
Nodule 28 12.6%
Emphysematous changes 12 5.4%
Bronchiolar dilatation 14 6.3%
Bronchiectasis 42 18.8%
Mosaic attenuation 13 5.8%
Pleural thickening 21 9.4%
Pleural effusion 51 22.9%
Hydropneumothorax 5 2.2%
Pneumothorax 7 3.1%
Pneumomediastinum 4 1.8%
Collapse 5 2.2%
Fibrosis 101 45.3%
Atelectasis 43 19.3%
Architectural distortion 18 8.1%
Pulmonary hypertension 15 6.7%
Cardiomegaly 28 12.6%
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Pericardial effusion 6 2.7%
Prominent vascularity 6 2.7%
Pulmonary cyst 5 2.2%
Mediastinal lymphadenopathy 19 8.5%
Pleural calcification 3 1.3%
Extrapulmonary collection 1 0.4%
Branching nodular opacities 7 3.1%
Crazy paving pattern 3 1.3%
Fungal ball 4 1.8%
Honeycombing 1 0.4%
Mycotic aneurysm 3 1.3%
Interstitial lung disease (ILD) pattern 1 0.4%
Loss of lung volume 1 0.4%
Mediastinal shift 1 0.4%
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Graph 6. Bar chart representing frequency distribution of HRCT imaging findings
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In the 223 patients that were part of this study, the most common HRCT

imaging finding was reticular opacities seen in 112 patients (50%).

The second most common imaging finding was ground glass opacification,

seen in 103 patients (46.2%).

The third most common imaging finding on HRCT in this study was fibrosis,

seen in 101 patients (45.3%).

59 patients (26.5%) had consolidation, 54 patients had septal thickening

(24.2%), and 51% had pleural effusion (22.9%).

Following these, the next most common imaging findings were atel ectasis and
bronchiectasis, with 43 patients (19.3%) showing evidence of atelectasis and 42

patients (18.8%) showing evidence of bronchiectasis.

28 patients showed soft tissue density nodules (12.6%). The same number of

patients also showed evidence of cardiomegaly.

24 patients (10.8%) showed evidence of cavities of varying morphology

(thick- vsthin-walled, multiple vs solitary, internal air-fluid levels).

21 cases (9.4%) showed evidence of pleural thickening, 19 cases (8.5%) had

mediastinal lymphadenopathy, and 18 cases (8.1%) showed architectural distortion.

The rest of the imaging findings which were relatively low in frequency
included abscess {3 cases (1.3%)}, emphysematous changes {12 cases (5.4 %)},
bronchiolar dilatation {14 cases (6.3.%)}, mosaic attenuation {13 cases (5.8%)},

hydropneumothorax {5 cases (2.2)}, pneumothorax {7 cases (3.1%)},
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pneumomediastinum {4 cases (1.8%)}, lung collapse {5 cases (2.2%)}, pulmonary
hypertension {15 cases (6.7%)}, pericardial effusion {6 cases (2.7%)}, prominent
vascularity {6 cases (2.7%)}, pulmonary cysts {5 cases (2.2%)}, pleural calcification
{3 cases (1.3%)}, extrapulmonary collection {1 case (0.4%)}, branching nodular
opacities {7 cases (3.1%)}, crazy paving pattern {3 cases (1.3%)}, fungal ball {4
cases (1.8%)}, honeycombing {1 case (0.4%)}, mycotic aneurysm {3 cases (1.3%)},
interstitial lung disease pattern {1 case (0.4%)}, loss of lung volume {1 case (0.4%)},

and mediastinal shift { 1 case (0.4%)}.
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Graph 7. Bar chart representing age-wise frequency distribution of HRCT imaging findings
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Results

In the total 223 patients, ground-glass opacification, reticular opacities,

fibrosis, pneumothorax, and cardiomegaly were found to be statistically significant.

GGOs were seen in 25% of cases in the age group of 18-39 years, 44.3% in

the age group of 40-59 years, and 54.5% in the age group of 60-80 years.

Reticular opacities were seen in 28.1% of cases in the age group of 18-39
years, 55.7% in the age group of 40-59 years, and 52.4% in the age group of 60-80

years.

Fibrosis was seen in 37.5% of casesin the age group of 18-39 years, 37.5% in

the age group of 40-59 years, and 54.4% in the age group of 60-80 years.
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Graph 8. Bar-graph representing gender-wise distribution of clinical symptoms
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Breathlessness was the most common symptom at presentation in females &
males. It was a presenting symptom in 64.6% (31 cases) of the total 48 females and

21.1% (37 cases) of the 175 males.

Cough was a presenting symptom in 14.6% (7 cases) of the total 48 females

and 21.1% (37 cases) of the 175 males.

Fever was the presenting symptom in 16.7% (8 cases) of the total 48 females

and 19.4% (34 cases) of the 175 males.

9 females (18.8%) of the total 48 females and 56 males (32%) of the total 175

males were either asymptomatic or had non-respiratory symptoms.
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Graph 9. Bar chart representing gender-wise distribution of HRCT imaging findings
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Discussion

DISCUSSION

Since the outbreak of COVID-19, multiple studiesda@ocumented the lung
imaging findings in patients who tested positive RT-PCR or RAT, with HRCT

being the primary imaging modality in the evaluatif these patienfs;#%3

We conducted this study to observe the spectrulangf imaging findings on
HRCT thorax scans of post-COVID-19 patients anduata the role of HRCT in the

follow-up of these patients.
AGE & SEX DISTRIBUTION

In our study of 223 cases, there were significantigre male than female

cases; 175 males (78.5%) compared to 48 femalesyi1

The majority of the cases were middle-aged & eldexiith 46.2 % of cases
belonging to the age group 60-80 years and 39.3%nbimg to the age group of 40-
59 years; together, these groups formed about 8b%eototal sample size. The
younger cases, between 18-39 years, formed thdesihgloup with only 32 cases

(14.3%).

These findings were similar to the past studieslooted by Han X et al and
Vijayakumar B et al in which the data showed tlin& najority of cases were males

and had a mean age exceeding 55 y&ars?
CLINICAL PRESENTATION

Like the studies conducted by Vijayakumar et al dndlarcén-Rodriguez et
al, breathlessness was the most common presemtimgt@m in this study. The other

common symptoms were cough and fever, with mostscakowing a combination of
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these symptoms at presentation. Only 29% of patierre either asymptomatic or

had non-respiratory symptorfig:*>®
IMAGING FINDINGS

The most common imaging findings were reticular aifges, followed by
ground-glass opacities and fibrosis. These threaging findings, along with

pneumothorax and cardiomegaly, were statisticadigiicant (p<0.05).

Overall, reticular opacities were seen in up to 58f%ases. These were more
commonly seen in patients >40 years old, with mtren half of the patients
belonging to age groups 40-59 years and 60-80 y&arwing evidence of reticular
opacities p=0.024). The percentage was lower in younger patients.disribution
of reticular opacities as an imaging finding wasiieqgcal, with 52.1% of female

cases and 49.7% of male cases showing their presenelRCT.

Ground glass opacities were the second most commaging findings in
about 46% of the study sample. Similar to the udicopacities, the GGOs were also
more common in the 40-59 years & 60-80 years agepy $=0.024). In the age
group 18-39 years, the percentage of cases shawiidgnce of GGOs was 25.0%.

Again, no obvious sex predilection was noted with@.

Fibrotic changes constituted th& 3nost common imaging finding. These
were most commonly seen in the elderly (60—-89-gg@rgroup), with about 54.4% of
cases in that age group showing fibrotic changése. ercentage of cases showing

fibrosis was lower in age groups 18-39 and 40-5&rgjeabout 37.5% in each. There
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was no evident sex predilection, with about 45%heaicmales & females showing

fibrotic changes.

The above-mentioned imaging findings in our studyrevin accordance with
the findings of Liu et al's, which documented th1% of patients had residual
persistent imaging abnormalities on HRCT, with GGl fibrous tripes being the
most common?® Another study by Zhao et al also concluded thatO8Gand
reticulation (in the form of intralobular septalidkening) were seen in a significant
(about 70%) of patients after three months of feHap. However, it also found that
interlobular interstitial thickening and crazy pagiwere additionally common at
three months follow-up®® Similarly, Han et al's study demonstrated thatsat
months follow-up, 35% of patients demonstrateddtiicrlike changes, 27% showed
residual GGOs or intralobular reticular opacitieend the remaining 38% showed
complete radiologic resolution. At the end of oreary the only positive imaging
finding in these patients who had shown sequela&ahonths, was fibrotic changes,
with the remaining showing complete resolutiéhCaruso et al’s study demonstrated
that at 6-month follow-up, most patients showeddiic-like changes, followed by

persistent GGOs & intralobular reticular opaciti&s.

Two other imaging findings with statistically sifjoant age-wise distribution
were pneumothoraxp€ 0.018) and cardiomegalp£0.001). 3.1% of patients (1 out
of 31 patients) in the age group 18-30 years, ob@atients (4 out 95 patients) in the
age group 40-59 years, and 0.0% of patients inatiee group 60-80 years showed
pneumothorax. 9.4% of patients (3 out of 29 pasiemt the age group 18-30 years,
4.5% of patients (4 out 95 patients) in the ageigr0-59 years, and 0.0% of patients

in the age group 60-80 years showed pneumothor@erature regarding the
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occurrence of spontaneous pneumothorax in post-Og¥leumonia patients is rare.
Matthijs L. Janssen et al, Hollingshead & Hanralemg others have each reported
single patient studies with pneumothorax after detefy recovering from initial
COVID-19 disease. The proposed factors responsinl¢his include previous lung
bullae/cysts and inflammatory/ischemic lung pargnadl damage, likely caused by
the SARS-CoV-2>****Cardiomegaly was seen in 28 cases (12.6%). Therityapf
cases were in the 60-80years age group (22 ca¥ede cardiac complications have
been described due to COVID-19 and COVID-19 vaagitigere is a lack of existing
literature regarding any association between isdlaardiomegaly & post-COVID-19

patients'>®
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Conclusion

CONCLUSION

HRCT thorax imaging has been extensively used in the diagnosis &
management of patients with acute COVID-19.

After recovery from the acute disease, post-COVID-19 patients may continue
to present with a myriad spectrum of clinical features or complications.

HRCT is an essential diagnostic tool in the evaluation of patients in the post-
COVID-19 recovery period to look for the resolution/evolution of the lung
disease, detect its sequelae and identify complications.

The most common & statistically significant imaging findings were reticular
opacities followed by ground-glass opacities & fibrosis.

These imaging findings are more commonly seen in middle-aged and older
age groups

Pneumothorax and cardiomegaly were also found to be statistically significant.
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Limitations

LIMITATIONS

There are afew limitations of this study.

The study duration and sample size might limit the interpretation of the
imaging findings. The long-term evolution of these findings needs to be
studied for a more extended period and in a larger group to understand better
the clinical & prognostic significance, which will aid in better management of
post-COVID-19 patients.

Variability in reported sensitivity & specificity of the RT-PCR / RAT is a
limiting factor that affects the selected sample.

Subgroup analysis of cases based on the severity of symptoms and/or signs
was not performed. Such an anaysis would help determine potential
prognostic factors.

A lack of a singular HRCT imaging feature unique to COVID-19 and
objective criteria defining the disease may overestimate the specificities of
these imaging findings.

This study did not focus on the confounding factors that may have impacted
the incidence of these imaging findings in post-COVID-19 patients, e.g.,
smoking and previous undiagnosed pulmonary pathologies.

HRCT thorax imaging findings at baseline followed by follow-up imaging
would serve well in better understanding the evolution of the imaging findings

in these patients.
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Summary

SUMMARY

The study was a cross-sectional study conducted over a period of one year
from 1% January 2021 to 31% December 2021.

223 patients were studied after observing the various inclusion and exclusion
criteria

After taking written informed consent, the patients underwent an HRCT
thorax scan to detect and evaluate the lung findings.

The most common & statistically significant imaging findings were reticular
opacities, ground-glass opacities, fibrosis, pneumothorax, and cardiomegaly.
The results obtained during this study correlated well with studies conducted

by other authors previously
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Annexures

ANNEXURE - |

WRITTEN INFORMED CONSENT

TITLE OF THE STUDY: “Role of High Resolution Computed Tomography
Thorax Imaging in Follow-up of COVID-19 Patients —A One-year Hospital Based

Cross-sectional Study”

PRINCIPAL INVESTIGATOR: Dr.

GUIDE: Dr.

INTRODUCTION AND PURPOSE: By providing accurate & detailed information
about lung anatomy, HRCT thorax serves as a vaduabbging modality in the

detection of lung lesions.

The purpose of this study is to analyze HRCT tharaaging findings and
evaluate the role of HRCT thorax in the follow-up GOVID-19 in the study

population.

PROCEDURE: | request you to kindly participate in the studieti study “ROLE OF
HIGH RESOLUTION COMPUTED TOMOGRAPHY THORAX IMAGINGIN
FOLLOW-UP OF COVID-19 PATIENTS - A ONE YEAR HOSPITABASED
CROSS-SECTIONAL STUDY” being conducted at KLES DPrabhakar Kore
Hospital & Medical Research Centre, Belagavi by Dr. , Post-graduate in
Radio-diagnosis at J.N. Medical College, Belag&arnataka, under the guidance of

Dr. , Professor & Head, Dept. of ®aihgnosis, J.N. Medical

College, Belagavi.
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The purpose of the study will be explained andtemiinformed consent will be
obtained from you prior to participation. Your efidity for participation in the study
will be decided based on the inclusion and exclusioiteria. The study will be
conducted over a period of one year. During theystyou will be asked questions
regarding your present & past medical history aoal will be required to answer to the
best of your knowledge. You will also be clinicaljkamined as per the protocol
drawn. As part of the study, you will be subjected High resolution computed
tomography (HRCT) scan of the chest. Please weaselditting and comfortable
clothing to your scan. Remove any metal objectduding jewellery, eyeglasses, and
mobile phones prior to the scan. The technologidt ask you a few questions
regarding your medical history and explain the st@polved in the scan in detail. You
will then be asked to lie flat on your back on @€ table with arms over your head.
The CT table will then slide into the gantry. Thechnologist will convey further
instructions in your desired language over theraue. You will be asked to lie very
still and hold breath for a few seconds. The erdggan will be completed within five

minutes.

If you agree to participate in the study, pleasaifin the details pertaining to the study.

BENEFITS: HRCT thorax will provide detailed information abduhg anatomy and

detect any pathological changes in lung architectur

RISKS/ COMPLICATIONS: The risk for radiation exposure with HRCT is low as

the amount of radiation used during HRCT is corsideninimal.

Notify your doctor if you are pregnant or suspéeittyou may be pregnant.

Very rarely, HRCT may cause induction of cancer.
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ALTERNATIVES: If you are not willing to take part in the studyguwy treatment or
any other further investigations you want to undeirg the future in KLE will not be

affected by your decision.

VOLUNTARY PARTICIPATION / WITHDRAWAL:  Taking part in this study is
voluntary. You may choose not to take part in giigdy, or if you decide to take part,
you can later change your mind and withdraw from $kudy. Your decision will not
change the present or future health care or o#mices that you receive. The study
doctor or the sponsor may stop your participatiorthis study. You will tell if any
important new findings that may change your williegs to continue to take part. If
you choose not to take part in the study, you vetieive the standard treatment for

patients with your condition.

COSTS: NIL (The study is to be conducted on the partictpamho are advised HIGH
RESOLUTION COMPUTED TOMOGRAPHY as an investigatibg the referring

consultant and the participants will bear the ceargr it.)

PAYMENT FOR PARTICIPATION: No incentive will be paid to you for

participating in this study.

COMPENSATION: In the event that you become injured as a resuthkihg part in
this study, treatment, whatever is available at KLiEaritable hospital, Belagavi, will

be offered to you. No reimbursement, compensatiofree medical care is given.

CONFIDENTIALITY: All information collected about you during the cserof the
study will be kept confidential to the extent peteudl by the law. The code numbers
will identify you in this research record. Inforraat from this study may be published

but your identity will be kept confidential in ayblication/ presentation.
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QUESTION: If you have any inquiries in the future or in casferesearch-related

injury or illness, you may contact the followingrpens:

Name: Dr.
Mobile No:

Email ID:

Dr. ROOPA BELLAD

Chairperson, JINMC, IEC &
Scientist D, ICMR,
National Institute Of

Traditional Medicine,
Belagavi

Ph. 0831-2473777
Ext. 1529
Mob. 9480422500
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CONSENT TO PARTICIPATE IN THE RESEARCH STUDY:

“I understand that | am participating in the studyhich includes high

resolution computed tomography thorax.

| confirm that | have read and understood the mfafon in the patient
information sheet. The procedure is explained toimeetail, along with information
about the advantages and disadvantages of takmgnptne study. | have been given
the opportunity to discuss all aspects of the,tt@absk questions and hereby consent to

participation in the trial outlined above.

| understand that the decision to take part in shisly is completely voluntary

and | am aware that | can choose to withdraw frieenstudy at any point of time.

| consent to the photographing or recording of phecedure to be performed,
including appropriate portions of my body, for naalj scientific, or educational
purposes, provided my identity is not revealechi pictures or by the descriptive texts

accompanying them.

| understand that there is no significant risk ined in the test that would be

done in this study.

No guarantee or assurance has been given by aagne the results that may be

obtained.

My signature on this form signifies that | havelinijly decided to participate

after understanding the above information.”
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Participant’s Name/ legally authorized

representative

Signature

Name and signature of withess

Name and signature of interviewer

Date:

Place:
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ANNEXURE — I

PROFORMA

KAHER

J. N. MEDICAL COLLEGE, BELAGAVI

DEPARTMENT OF RADIO-DIAGNOSIS

TITLE: “ROLE OF HIGH RESOLUTION COMPUTED TOMOGRAPHY THORAX

IMAGING IN FOLLOW-UP OF COVID-19 PATIENTS - A ONE EFAR HOSPITAL

BASED CROSS-SECTIONAL STUDY”

RESEARCH INVESTIGATOR: Dr.

GUIDE: Dr.

PROFORMA FOR DATA COLLECTION

DATE OF INTERVIEW:

NAME OF THE PATIENT:

AGE (in years): SEX:

MOBILE NUMBER:

ADDRESS: House No Galli

OP/IP NO:

Ward/Village

City District

PIN CODE:

CT NUMBER:
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CURRENT (DATE | RESULT) PREVIOUS (DATE | RESULT)

RT-PCR

RAT

CHIEF COMPLAINTS: DURATION

PAST HISTORY:

HRCT FINDINGS:
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ANNEXURE —lI

PHOTOGRAPHS

Photograph of General Electronics (GE) Revolutiolm (128 slice, single tube

machine) at KLES Dr. Prabhakar Kore Hospital & MHAB&Jagavi
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PHOTOGRAPH OF CASES
CASE 1

A 61-year-old male patient with past history of CilDM4 months ago) presented with

complaints of breathlessness and cough for 2 months

HRCT thorax scan showed ground glass opacitiegs#fy involving bilateral lungs.
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CASE 2

A 72-year-old male patient with past history of CiIDM6 months ago) presented with

severe breathlessness on exertion since 5 months.

HRCT thorax scan shows fibrotic areas with adjad¢eatdtion bronchiectatic changes

involving bilateral lungs.
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CASE 3

A 75-year-old male patient with past history of CIDM2 months ago) presented with

breathlessness & cough for 2 months.

HRCT thorax scan shows reticular opacities withrallobbular septal thickening and

architectural distortion diffusely involving bilatd lungs predominantly on the right

side.
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CASE 4

A 22-year-old female with past history of COVID-{® months ago) presented with

sudden onset breathlessness for 2 days.

HRCT thorax scan shows mild left-sided pneumothorax

gy
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CASE 5

A 55-year-old male with past history of COVID-19rffonth ago) presented with fever

& cough for 1 month.

HRCT thorax scan shows consolidation involving basmgments of bilateral lower

lobes, predominantly on the right side, with miltteral pleural effusion.
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ANNEXURE — IV

KEY TO MASTER CHART

1 PRESENT

0 ABSENT
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ANNEXURE —V

MASTER CHART
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