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ABSTRACT 
Background: COVID-19, caused by SARS-CoV-2, has become a 
global health crisis since its emergence in December 2019. Severe 
pneumonia is a critical manifestation of the disease, often necessitating 
diagnostic imaging for effective management. This systematic review 
evaluates the diagnostic imaging features of severe pneumonia in 
COVID-19 using chest X-ray (CXR), computed tomography (CT), 
lung ultrasound (LUS), and magnetic resonance imaging (MRI). 
Methods: This review follows PRISMA 2020 guidelines. Studies from 
2019–2024 were screened for peer-reviewed evaluations of imaging 
findings in severe COVID-19 pneumonia. Results: Eight studies were 
included. Key findings demonstrated the utility of LUS in detecting 
early abnormalities like B-lines, critical for bedside monitoring. CXR 
served as a prognostic tool with radiographic severity scores 
correlating with adverse outcomes. CT provided detailed anatomical 
insights, identifying ground-glass opacities (GGO), consolidations, 
and disease severity markers. MRI, while less commonly used, showed 
comparable sensitivity and specificity to CT, with advantages in 
radiation-free imaging for specific populations. Discussion: The 
reviewed studies highlight the complementary roles of imaging 
modalities in managing COVID-19 pneumonia. Key imaging features 
include ground-glass opacities, consolidations, and crazy-paving 
patterns, predominantly in peripheral and lower lung regions.        
Conclusion: Imaging modalities play complementary roles in 
managing severe COVID-19 pneumonia. LUS is ideal for bedside 
assessments, CXR aids in prognostication, CT remains the gold 
standard for detailed evaluation, and MRI offers a viable alternative 
for radiation-sensitive cases. Understanding these modalities' 
applications can enhance diagnostic accuracy and clinical outcomes. 

Keywords: COVID-19, severe pneumonia, imaging, chest X-ray, 
computed tomography, lung ultrasound, magnetic resonance imaging
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INTRODUCTION 

The outbreak of COVID-19 

began in China in December 2019, 

with initial cases involving patients 

diagnosed with an unidentified viral 

pneumonia. The causative pathogen 

was identified as a novel 

betacoronavirus, initially referred to 

as the 2019 novel coronavirus (2019-

nCoV) and later renamed SARS-

CoV-2. Following the initial 

outbreak, the disease rapidly spread 

globally, impacting some countries 

more severely than others. By June 

23, 2020, the World Health 

Organization (WHO) reported nearly 

9 million confirmed cases and 

approximately 470,000 deaths 

worldwide.1 In the United States 

alone, over 2.25 million cases and 

nearly 120,000 fatalities were 

recorded, while the United Kingdom 

reported over 300,000 cases and more 

than 42,500 deaths.1,2 

The primary transmission 

route of SARS-CoV-2 is via 

respiratory droplets. A key clinical 

manifestation is lower respiratory 

tract infection, which accounts for 

most fatalities. Patients often present 

with flu-like symptoms, though 

dyspnea and shortness of breath are 

more common in COVID-19 than in 

typical influenza. Early studies of 

hospitalized patients revealed that CT 

imaging consistently showed 

pneumonia, with 17–29% progressing 

to acute respiratory distress syndrome 

(ARDS).2,3 A large-scale study by the 

Chinese Center for Disease Control 

and Prevention involving 

approximately 44,500 confirmed 

cases found that 81% of patients 

experienced mild symptoms 

(including no or mild pneumonia), 

14% had severe disease (defined as 

clinical severity or >50% lung 

involvement on imaging), and 5% 

developed multiorgan failure. The 

overall mortality rate was estimated at 

2.3%.4 

Imaging abnormalities are 

common in COVID-19 patients. A 

study of over 1,000 patients compared 

CT visual assessments (interpreted by 

two radiologists) with reverse-

transcription polymerase chain 

reaction (RT-PCR) testing as the 

reference standard. CT demonstrated 
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a sensitivity of 97% but a specificity 

of only 25%.5 Another comparative 

study of radiologists from the United 

States and China found moderate 

sensitivity and high specificity in 

differentiating COVID-19 from other 

viral pneumonias. Key distinguishing 

features included ground-glass 

opacities (GGO), vascular thickening, 

and peripheral lesion distributions (p-

value < 0.001).6 Imaging findings 

evolve over the course of the disease, 

with GGO most frequently observed 

between days 0–4, peaking at days 6–

13, and later evolving into 

consolidation or reverse halo signs.7–9 

In March 2020, major 

radiological societies, including the 

American College of Radiology and 

the British Society of Thoracic 

Imaging, advised against using CT for 

COVID-19 screening due to the 

disease's low prevalence, non-specific 

imaging findings, and the risk of viral 

transmission.10–12 They 

recommended reserving CT for 

hospitalized patients to guide clinical 

management, identify complications, 

or in cases where PCR testing was 

unavailable. Despite these 

recommendations, the overlap of 

COVID-19 symptoms with other lung 

or cardiac conditions has led to 

increased imaging in suspected or 

confirmed cases. Additionally, 

COVID-19 has been associated with 

pulmonary thromboembolism.13,14 

The purpose of this systematic 

review is to comprehensively analyze 

the imaging characteristics of severe 

pneumonia in COVID-19 across four 

key modalities: chest X-ray, CT scan, 

thoracic ultrasound (USG), and MRI. 

Chest X-ray findings typically 

include bilateral, peripheral opacities, 

ground-glass opacities (GGO), and 

consolidations, with more severe 

cases showing a "white lung" 

appearance. While CT scans reveal 

extensive GGOs, consolidation, 

vascular thickening, and interlobular 

septal thickening, they are crucial for 

assessing disease extent and 

progression. Thoracic ultrasound 

often shows B-line artifacts and 

subpleural consolidations, valuable 

for bedside assessments in critically 

ill patients. MRI, although not 

commonly used for COVID-19 

diagnosis, provides superior soft-

tissue contrast and can reveal 

hyperintense signals corresponding to 
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GGOs and consolidations on T2-

weighted images. This review will 

include illustrative images to clarify 

key imaging findings across these 

modalities, offering valuable insights 

for healthcare professionals in 

diagnosing and managing severe 

COVID-19 pneumonia.    

METHODS 

Protocol 

This systematic review 

follows the Preferred Reporting Items 

for Systematic Reviews and Meta-

Analyses (PRISMA) 2020 guidelines 

to ensure transparency, consistency, 

and reproducibility in the analysis of 

imaging characteristics of severe 

pneumonia in COVID-19 across 

multiple modalities. The protocol 

aims to systematically review and 

evaluate the diagnostic imaging 

findings of severe pneumonia caused 

by COVID-19, focusing on chest X-

ray, CT scan, thoracic ultrasound 

(USG), and MRI. This review will 

assess common and unique findings 

in each imaging modality, providing a 

detailed comparison and visual 

representation of their diagnostic 

significance. 

Criteria for Eligibility 

This review will include 

studies published between 2019 and 

2024 that evaluate imaging findings 

in patients with confirmed severe 

pneumonia due to COVID-19. 

Eligible studies must be peer-

reviewed and involve clinical or 

radiological assessments of severe 

COVID-19 pneumonia. Studies must 

include imaging results using chest X-

ray, CT scan, USG, or MRI. The 

focus will be on diagnostic imaging 

features such as ground-glass 

opacities (GGO), consolidations, 

pleural effusion, and other key 

radiological findings. 

Inclusion criteria 

• Participants: Patients 

diagnosed with severe 

pneumonia caused by 

COVID-19. 

• Intervention: Any diagnostic 

imaging modality, including 

chest X-ray, CT scan, USG, 

and MRI. 

• Outcomes: Diagnostic 

imaging findings (e.g., GGO, 

consolidation, pleural 

effusion, and other related 

features). 
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• Study Design: Clinical 

studies involving imaging 

assessments of COVID-19 

pneumonia. 

• Language: Studies published 

in English. 

Exclusion criteria 

• Review articles, meta-

analyses, conference 

abstracts, or expert opinions. 

• Studies that do not provide 

imaging findings related to 

severe COVID-19 

pneumonia. 

• Animal studies or in vitro 

experiments. 

Search Strategy 

A comprehensive search will 

be conducted using electronic 

databases, including PubMed, 

Embase, Cochrane Library, Web of 

Science, and Scopus. Search terms 

will focus on COVID-19 pneumonia 

imaging characteristics. The 

following Boolean search strings will 

be used: 

• ("COVID-19" OR "SARS-

CoV-2") AND ("Severe 

pneumonia" OR "Lung 

infection") AND ("Chest X-

ray" OR "CT scan" OR 

"Ultrasound" OR "MRI") 

• ("COVID-19 pneumonia" 

AND "Imaging features") 

AND ("Chest X-ray" OR 

"CT" OR "Ultrasound" OR 

"MRI") 

("Ground-glass opacity" OR 

"Consolidation" OR "Pleural 

effusion") AND ("COVID-19 

pneumonia" AND "Diagnostic 

imaging"). 

Data Retrieval 

Titles and abstracts will be 

screened for relevance. Full-text 

articles that meet inclusion criteria 

will be reviewed, and the following 

data will be extracted: 

• Study characteristics: Year, 

location, sample size, and 

duration. 

• Imaging modality used: 

Chest X-ray, CT scan, USG, 

MRI. 

• Participant demographics: 

Age, gender, and COVID-19 

severity. 

• Outcomes: Key imaging 

findings such as GGO, 

consolidation, pleural 
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effusion, and other notable 

features. 

 

Quality Assessment and Data 

Synthesis 

Two independent reviewers 

will assess the methodological quality 

of included studies using the GRADE 

framework, focusing on study design, 

sample size, and the reliability of 

imaging outcomes. Disagreements 

will be resolved through discussion or 

consultation with a third reviewer. A 

qualitative synthesis will summarize 

the findings, comparing the 

diagnostic effectiveness of different 

imaging modalities in detecting 

severe pneumonia in COVID-19 

patients. If data homogeneity permits, 

a meta-analysis will be conducted to 

estimate pooled effect sizes for key 

imaging outcomes. Subgroup 

analyses will explore variations based 

on participant age, disease severity, 

and imaging modality used. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Tabel 1. Search Strategy 
Database Search Strategy 

PubMed ("COVID-19" AND "Severe pneumonia" AND "Chest X-ray") 

Embase ("CT scan" AND "COVID-19 pneumonia" AND "Lung 
imaging" AND "Chest X-ray") 

Cochrane 
Library 

("Ultrasound" AND "COVID-19 pneumonia" AND "Diagnostic 
imaging" AND "Chest X-ray") 

Web of 
Science 

("MRI" AND "Severe pneumonia" AND "COVID-19" AND 
"Chest X-ray") 
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Figure 1. Article Search Flowchart 

 

 

Identification of studies via databases and registers 

Records identified from*: 

Pubmed (742) 

Embase  (521) 

Cochrane (32) 

Web of Science (115) 

 

Studies include in systematic review 

(8) 

Reports sought for retrieval (26) 

Reports assessed for eligibility (12) 

Records removed before screening: 

Duplicate records removed  (n = 231) 

Records marked as ineligible by automation 

tools (n= 406) 

Records removed for other reasons (n = 156) 

Reports not retrieved  

(14) 

Records exclude* 

Wrong population (2) 

Wrong study design (3) 

Wrong intervention (0) 

Wrong publication type (2) 

Reports exclude due to: 

Irrelevant for this topic (20) 

Wrong intervention (3) 
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RESULT 

Our research team first gathered publications from reputable sources such 

as Embase, PubMed, and Web of Science. After a thorough three-level screening 

procedure, only nine papers were determined to be directly relevant to our ongoing 

systematic evaluation. Following that, these sections were picked for additional 

research and a close reading of the entire manuscript. The material that was 

evaluated for this analysis is compiled in Table 2 for ease of viewing. 

 

Table 2. The literature included in this study 
Autho

r 
Orig

in 
Metho

d 
Sample 

Size 
Result 

Cho et 
al., 
2022.1
3 

Sout
h 
Kore
a 

Retros
pective 
study. 

Six 
consecuti
ve 
patients 
with 
confirmed 
COVID-
19 who 
underwen
t serial 
LUS. 

Lung ultrasound detected early abnormal 
findings of representative B-lines in a 
patient with a normal chest X-ray, 
corresponding to ground-glass opacities 
on the chest CT scan. The ultrasound 
findings improved as her clinical 
condition improved and her viral load 
decreased. In another minimally 
symptomatic patient without significant 
chest X-ray findings, the ultrasound 
showed B-lines, an early sign of 
pneumonia before abnormalities were 
detected on the chest CT scan. In two 
critically ill patients, ultrasound was 
performed to assess for evaluation of 
disease severity. In both patients, the 
clinicians conducted emergency rapid 
sequence intubation based on the 
ultrasound findings without awaiting the 
laboratory results and radiological 
reports. In two children, ultrasound was 
used to assess the improvement in their 
pneumonia, thus avoiding further imaging 
tests such as chest CT. 

Zhan
g et 
al., 
2020. 
14 

Chin
a 

Retros
pective 
study. 

28 
patients. 

Study population comprised 28 patients 
(14 men and 14 women; mean age ± SD, 
59.8 ± 18.3 years; age range, 21–92 
years). All 28 patients (100.0%, 28/28) 
had positive lung US findings. The most 
common findings were the following: B-
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lines (100.0%, 28/28), consolidation 
(67.9%, 19/28), and a thickened pleural 
line (60.7%, 17/28). A thickened pleural 
line was observed in a higher percentage 
of patients with a longer duration of the 
disease than in those with a shorter 
duration of the disease, and pulmonary 
consolidations were more common in 
severe and critical cases than in moderate 
cases. 

Adarv
e et 
al., 
2021. 
15 

Spai
n 

Retros
pective 
study. 

292 
patients 
with 
COVID-
19. 

Hospital admission was necessary in 
91.4% of the patients. The RSEHA was 
significantly associated with the need for 
hospital admission (p = 0.03) and with the 
need for ICU admission (p < 0.001). A 
total of 51 (17.5%) patients died; of these, 
57% had the severe pattern on the 
RSEHA. When we analyzed mortality by 
grouping patients according to their 
results on the RSEHA and their age range, 
the percentage of patients who died 
increased after age 70 years in patients 
classified as moderate or severe on the 
RSEHA. 

Hui et 
al., 
2020. 
16 

Sing
apor
e 

retrosp
ective 
cohort 
study. 

358 chest 
radiograp
hs were 
performe
d on 109 
COVID-
19 
patients. 

Patients who needed supplemental 
oxygen (n=19, 17.4%) were significantly 
older (P<0.001) and significantly more of 
them had co-morbidities (P=0.011). They 
also had higher C-reactive protein (CRP) 
(P<0.001), higher lactate dehydrogenase 
(LDH) (P<0.001), lower lymphocyte 
count (P<0.001) and lower hemoglobin 
(Hb) (P=0.001). Their initial (CRSinitial) 
and maximal CRS (CRSmax) were higher 
(P<0.001). Adjusting for age and baseline 
hemoglobin, the AUROC of CRSmax 
(0.983) was as high as CRPmax (0.987) 
and higher than the AUROC for 
lymphocyte countmin (0.897), and 
LDHmax (0.900). The AUROC for 
CRSinitial was slightly lower (0.930). 
CRSinitial ≥5 had a sensitivity of 63% and 
specificity of 92% in predicting the need 
for oxygen, and 73% sensitivity and 88% 
specificity in predicting the need for 
mechanical ventilation. CRS between the 
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6th and 10th day from the onset of 
symptoms (CRSD6-10) ≥5 had a 
sensitivity of 89% and specificity of 95% 
in predicting the need for oxygen, and 
100% sensitivity and 86% specificity in 
predicting the need for mechanical 
ventilation. 

Li et 
al., 
2020. 
17 

Chin
a 

Retros
pectiv
e 
study. 

Eighty-
three 
patients 
with 
COVID-
19 
pneumoni
a 
including 
25 
severe/cri
tical cases 
and 58 
ordinary 
cases 
were 
enrolled. 

Compared with the ordinary patients, the 
severe/critical patients had older ages, 
higher incidence of comorbidities, cough, 
expectoration, chest pain, and dyspnea. 
The incidences of consolidation, linear 
opacities, crazy-paving pattern, and 
bronchial wall thickening in 
severe/critical patients were significantly 
higher than those of the ordinary patients. 
Besides, severe/critical patients showed 
higher incidences of lymph node 
enlargement, pericardial effusion, and 
pleural effusion than the ordinary patients. 
The CT scores of severe/critical patients 
were significantly higher than those of the 
ordinary patients (P < 0.001). Receiver 
operating characteristic curve showed that 
the sensitivity and specificity of CT score 
were 80.0% and 82.8%, respectively, for 
the discrimination of the 2 types. The 
clinical factors of age older than 50 years, 
comorbidities, dyspnea, chest pain, 
cough, expectoration, decreased 
lymphocytes, and increased inflammation 
indicators were risk factors for 
severe/critical COVID-19 pneumonia. 
Computed tomography findings of 
consolidation, linear opacities, crazy-
paving pattern, bronchial wall thickening, 
high CT scores, and extrapulmonary 
lesions were features of severe/critical 
COVID-19 pneumonia. 

Hesa
m-
Shari
ati et 
al., 
2022. 
18    

Egyp
t 

Retros
pectiv
e 
study. 

Ninety 
patients 
with 
coronavir
us were 
divided 
into three 

The mean age and duration of 
hospitalization of patients increased with 
increasing the severity of the disease. The 
most common clinical symptoms were 
shortness of breath, cough, and fever. As 
the severity of the disease increased from 
mild/moderate to very severe, there was 
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categories 
based on 
the 
severity 
of the 
disease: 
mild/mod
erate, 
severe, 
and very 
severe. 

an increase in neutrophil counts and a 
decrease in lymphocytes and white blood 
cells (WBC) showing excessive 
inflammation associated with severe 
forms of COVID-19. Subpleural changes 
(81%) and ground-glass 
opacification/opacity (GGO) lesions 
(73%) of the lung were the most common 
features in CT images of COVID-19 
patients, and interlobular septal 
thickening (10%) was the lowest CT 
feature among patients. Regarding the 
affected parts of the lung in COVID-19 
patients, bilateral, peripheral, and 
multiple lesions had the highest 
prevalence. 

Omar 
et al., 
2020. 
19 

Turk
ey 

Retros
pectiv
e 
study. 

Thirty-
two 
patients 
diagnosed 
with 
COVID-
19 who 
underwen
t thorax 
CT for 
COVID 
pneumoni
a and 
MRI for 
any 
reason 
within 24 
hours 
after CT 
were 
included 
in the 
study 

Seventeen of the patients were female 
(53%) and 15 were male (47%). The mean 
age of the patients was 60.5 (range, 20–
85) years. A total of 31 patients (96%) had 
signs of pneumonia on CT. The most 
common finding in CT was ground-glass 
opacities in 29 patients (90.6%), followed 
by consolidation in 14 patients (43.75%). 
Both consolidation and ground-glass 
opacities were also observed in MRI in all 
of these patients. Nodules were detected 
in 12 patients (37.5%) on CT and 11 
patients (34.4%) on MRI. The sensitivity 
and specificity of MRI in nodule detection 
were calculated as 91.67% and 100%, 
respectively. 

Ardek
ani et 
al., 
2023. 
20 

Egyp
t 

Cross-
section
al 
study. 

the 31 
parent–
child 
dyads 
recruited, 
28 were 
eligible 

Thirty-seven males and sixteen females 
with the mean age of 47.49 ± 13.86 years 
old were present in this case series. Fifty-
one cases had typical CT features with 
ground glass opacities and consolidations, 
readily visible on different MRI 
sequences. Thirteen cases had atelectasis 
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for the 
study and 
23 
ultimately 
complete
d this 
pilot 
investigat
ion 

which were also easily seen on MRI. The 
comprehensive review of MRI features 
for each case and representative images 
has been illustrated. 

 

 

  Table 3. Critical appraisal of Study  

Parameters Cho et al. 
(2020) 

Zhang 
et al. 

(2020) 

Adarve 
Castro et al. 

(2021) 

Hui et 
al. 

(2020) 

Li et al. 
(2020) 

Hesam-
Shariat
i et al. 
(2022) 

Ates et 
al. 

(2020) 

Ardeka
ni et al. 
(2023) 

Cho et 
al. 

(2020) 

1. Bias related to temporal precedence 
 

Is it clear in the study what is the 
“cause” and what is the “effect” 
(ie, there is no confusion about 
which variable comes first)? 

Clear cause 
(COVID-
19) and 
effect 
(ultrasound 
findings). 

Clear 
cause 
and 
effect. 

Cause and 
effect are 
identifiable 
but less 
emphasized. 

Cause 
and 
effect 
relatio
nship 
define
d. 

Clear 
distincti
on of 
variable
s. 

Cause 
and 
effect 
well-
delineat
ed. 

Tempor
al 
sequenc
e clear. 

Clear 
tempora
l 
relation
ship. 

Clear 
cause 
(COVI
D-19) 
and 
effect 
(ultraso
und 
findings
). 

2. Bias related to selection and allocation  

Was there a control group? No control 
group. 

No 
control 
group. 

No control 
group. 

No 
control 
group. 

No 
control 
group. 

No 
control 
group. 

No 
control 
group. 

No 
control 
group. 

No 
control 
group. 

3. Bias related to confounding factors  

Were participants included in 
any comparisons similar? 

         

Minimal 
confounding 
due to small 
sample size 
but 
consistent 
findings. 

Similar 
particip
ant 
charact
eristics 
reduce 
confou
nding. 

Risk of 
confounding 
due to 
broader 
patient 
heterogeneit
y. 

Risk of 
confou
nding 
mitigat
ed by 
adjusti
ng for 
variabl
es like 
age 
and 
comor

Compari
sons 
among 
well-
defined 
groups. 

Compar
isons 
based 
on clear 
severity 
categori
es. 

Risk of 
confoun
ding 
minimiz
ed. 

Risk of 
confoun
ding 
reduced 
with 
clear 
compari
sons. 

Minima
l 
confoun
ding 
due to 
small 
sample 
size but 
consiste
nt 
findings
. 
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biditie
s. 

4. Bias related to administration of intervention/exposure 
  

 

Were the participants 
included in any comparisons 
receiving similar 
treatment/care, other than the  
exposure or intervention of 
interest?  

 

Consistent 
LUS 
assessment 
across 
patients. 

Standar
dized 
lung 
US 
techniq
ues. 

Consistent 
evaluation 
methods. 

Simila
r chest 
radiogr
aphy 
assess
ments. 

Similar 
CT 
assessm
ent 
methods 
across 
groups. 

Consist
ent 
diagnost
ic 
imaging
. 

Consist
ent 
imaging 
techniq
ues 
(MRI 
and 
CT). 

Standar
dized 
imaging 
compari
son. 

Consist
ent LUS 
assessm
ent 
across 
patients. 

5. Bias related to assessment, detection, and measurement of the outcome   

Were there multiple 
measurements of the 
outcome, both pre and post 
the intervention/exposure?  

Multiple 
serial 
measuremen
ts pre and 
post-
intervention; 
reliable. 

Unifor
m 
outcom
e 
measur
ement 
method
s. 

Reliable 
measuremen
t with chest 
X-ray 
scoring 
system. 

Reliabl
e 
measur
ements 
with 
sensiti
vity 
and 
specifi
city 
analys
es. 

Reliable 
outcome 
measure
s; CT 
scores 
used 
consiste
ntly. 

Pre/post 
measure
s 
reliable; 
consiste
nt 
outcom
e 
assessm
ent. 

Reliable 
imaging 
findings
. 

Reliable 
measure
ment 
across 
modaliti
es. 

Comple
te 
follow-
up. 

Were the outcomes of 
participants included in any 
comparisons measured in the 
same way?  

Yes Yes Yes Yes Yes Yes Yes  
Yes 

 
Yes 

 Were outcomes measured in 
a reliable way?  Yes Yes Yes Yes Yes Yes Yes  

Yes 
 

Yes 
6. Bias related to participant retention   

Was follow-up complete and, 
if not, were differences 
between groups in terms of 
their follow-up adequately 
described and analyzed?  

Complete 
follow-up. 

Follow
-up 
comple
te. 

Follow-up 
discussed; 
minor losses 
noted. 

Follow
-up 
adequa
te with 
adjust
ments 
for 
variabl
es. 

Follow-
up 
thoroug
h with 
compari
sons. 

Comple
te 
follow-
up. 

Comple
te 
follow-
up. 

Follow-
up 
adequat
ely 
describe
d. 

Comple
te 
follow-
up. 

7. Statistical conclusion validity  
  

 

Was appropriate statistical 
analysis used?  

Limited due 
to small 
sample size; 
no advanced 
statistics 
reported. 

Statisti
cal 
conclus
ions 
robust 
within 
study 
limits. 

Statistical 
conclusions 
reliable 
(significance 
values 
reported). 

Advan
ced 
statisti
cs 
(AUR
OC, 
sensiti
vity, 

Statistic
al 
analysis 
appropri
ate with 
clear 
significa

Statistic
al 
methods 
clearly 
applied. 

Valid 
statistic
s for 
compari
son of 
imaging 
techniq
ues. 

Robust 
statistic
al 
analysis
. 

Limited 
due to 
small 
sample 
size; no 
advance
d 
statistic
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enhanc
e 
validit
y. 

nce 
values. 

s 
reported
. 

 

DISCUSSION 

The reviewed studies highlight the varied applications of imaging 

modalities in diagnosing, managing, and monitoring COVID-19 pneumonia. Each 

study provides unique insights into the role of different tools, including lung 

ultrasound (LUS), chest X-ray (CXR), computed tomography (CT), and magnetic 

resonance imaging (MRI), emphasizing their diagnostic accuracy, prognostic value, 

and clinical utility. 

Utility of Lung Ultrasound (LUS) 

Cho et al. (2020) conducted a retrospective study on six COVID-19 patients 

to evaluate LUS as a diagnostic and monitoring tool. The study demonstrated that 

LUS could detect early abnormalities, such as B-lines, even in patients with normal 

CXRs. These findings correlated with ground-glass opacities (GGOs) on chest CT 

scans, a hallmark of COVID-19 pneumonia. The utility of LUS extended to critical 

care scenarios, where it informed immediate interventions like intubation, without 

waiting for radiological or laboratory confirmation. In pediatric cases, LUS was 

instrumental in tracking pneumonia resolution, reducing the need for further 

radiation exposure through CT scans. These results highlight LUS as a rapid, 

bedside, non-invasive modality, particularly valuable for early diagnosis, real-time 

monitoring, and critical care decision-making. 13 
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Figure 2. The chest X-rays taken 5 days, and 1 day (A) before being transferred 
to our hospital; The lung ultrasound showed both B-lines in both anterior lung 
field (B) with aeration score 12 (C); the chest X-ray (left panel) in intubated state 
and chest computed tomography scan (right panel) showing bilateral diffuse 
ground glass opacities and consolidations (D), which suggested acute respiratory 
distress syndrome.13 

 

Zhang et al. (2020) studied 28 patients, showcasing LUS’s high sensitivity 

for detecting COVID-19 pneumonia. All patients exhibited positive findings, with 

B-lines being universal (100%), followed by consolidations (67.9%) and pleural 

line thickening (60.7%). The study emphasized LUS’s ability to differentiate 

disease stages, as thickened pleural lines were more prevalent in patients with 

prolonged illness, and consolidations were more common in severe cases. This 

reinforces LUS as an effective tool for both early detection and monitoring disease 

progression. 14 

Prognostic Role of Chest X-Ray (CXR) 

Adarve Castro et al. (2021) retrospectively analyzed 292 COVID-19 

patients, linking radiographic severity scores (RSEHA) to clinical outcomes. Severe 

patterns on RSEHA were strongly associated with hospital and ICU admissions and 
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higher mortality rates. Mortality rates significantly increased in patients over 70 

years with moderate or severe RSEHA scores. These findings underscore the 

prognostic value of CXR in triaging patients and identifying those at higher risk for 

adverse outcomes. 15 

Hui et al. (2020) explored the utility of chest radiographs in predicting the 

need for oxygen supplementation and mechanical ventilation in 109 patients. 

Higher radiographic severity scores (CRS) were associated with older age, 

comorbidities, and elevated inflammatory markers, including CRP and LDH. CRS 

values on days 6–10 post-symptom onset showed high sensitivity and specificity 

for predicting oxygen and ventilatory support needs. These results establish CRS as 

a reliable, accessible tool for assessing disease severity and guiding timely 

interventions. 16 

CT in Disease Characterization and Severity Assessment 

Li et al. (2020) analyzed 83 patients, comparing CT features in 

severe/critical cases versus mild/moderate cases. Severe patients exhibited higher 

incidences of GGOs, consolidations, crazy-paving patterns, and bronchial wall 

thickening. CT scores strongly correlated with disease severity, with high 

sensitivity (80%) and specificity (82.8%) for distinguishing severe cases. Age, 

comorbidities, and elevated inflammatory markers were identified as risk factors 

for severe disease. This study highlights CT’s unparalleled ability to provide 

detailed anatomical and functional insights, crucial for distinguishing disease 

severity and tailoring management strategies. 17 

Hesam-Shariati et al. (2022) focused on 90 patients, correlating clinical 

severity with CT findings. Subpleural changes (81%) and GGOs (73%) were the 

most prevalent features, while interlobular septal thickening was rare (10%). The 

study emphasized CT’s ability to capture bilateral, peripheral, and multiple lesions, 

providing a comprehensive view of lung involvement. As disease severity 

increased, there was a clear trend of elevated neutrophil counts and decreased 

lymphocyte counts, reflecting excessive inflammation. 18 

MRI as a Complementary Imaging Tool 
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Omar et al. (2020) evaluated MRI’s performance against CT in detecting 

pulmonary abnormalities in 32 COVID-19 patients. MRI demonstrated high 

sensitivity and specificity in identifying GGOs, consolidations, and nodules, with a 

diagnostic accuracy comparable to CT. Its lack of ionizing radiation makes it a safer 

option, particularly in younger or vulnerable populations. However, logistical 

challenges such as cost and limited availability constrain its widespread use. 19 

Ardekani et al. (2023) compared CT and MRI findings in 53 patients. 

Typical features, including GGOs and consolidations, were consistently detected 

across modalities. MRI also identified atelectasis in 13 cases, demonstrating its 

diagnostic versatility. Despite MRI’s diagnostic precision, the study highlighted 

CT’s superiority in accessibility and practicality, particularly in acute settings. 20 

The reviewed studies collectively demonstrate the complementary roles of 

imaging modalities in managing COVID-19 pneumonia. LUS provides a rapid, 

bedside option for early detection and monitoring, especially in resource-limited or 

pediatric settings. CXR serves as an accessible tool for prognostication and triaging. 

CT remains the gold standard for detailed anatomical evaluation and severity 

assessment, while MRI offers a radiation-free alternative in selected cases.  The 

following sections discuss the hallmark imaging features observed in COVID-19, 

including ground-glass opacity (GGO), the crazy-paving pattern, consolidation, and 

other related findings. These descriptions highlight their prevalence, distribution, 

and clinical significance, providing a comprehensive understanding of how 

COVID-19 manifests in the lungs. 

Ground-Glass Opacity (GGO) 

Ground-glass opacity (GGO) is the most common imaging feature reported 

in COVID-19. It is defined as increased attenuation on CT scans without obscuring 

the bronchovascular structures. Approximately 60–70% of patients from a Wuhan 

study exhibited pure GGO on CT, with the right lower lobe being the most 

commonly affected area. GGOs typically appear bilaterally, with a peripheral and 

lower lobe predominance, often presenting as round or bronchocentric opacities in 

the posterior lungs. GGO may be challenging to detect on chest X-rays (CXR) 

unless accompanied by reticular interstitial thickening. In early stages, before 
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symptom onset, a single unifocal GGO in the lower lobes may be observed. Over 

time, GGO may resolve or progress into more widespread consolidation.10 

GGO with Reticular Interstitial Thickening (Crazy-Paving Pattern) 

The crazy-paving pattern occurs when reticular interstitial thickening 

overlays GGO. This pattern features thickened interlobular septal lines resembling 

irregularly paved stones and is frequently associated with COVID-19 during its 

subacute or chronic phases. It is commonly peripheral and smooth, representing 

interstitial inflammation. About 75% of patients exhibit GGO mixed with reticular 

opacities, and crazy-paving is observed in 10–20% of cases, often indicating peak 

disease. It is important to note that crazy-paving is not unique to COVID-19 and 

may appear in other infections. 

 
Figure 3. Chest X-ray obtained a week after diagnosis of COVID-19 infection 
showed multifocal, peripheral bilateral disease. CT obtained on the same day of 
the radiograph showed peripheral bilateral GGO with superimposed reticular 
interstiial thickening within the GGO giving a ‘crazy-paving’ appearance. GGO, 
ground-glassopacity.19 

 

Consolidation 

Consolidation, defined as homogenous lung parenchymal attenuation with 

obscuration of vessels and bronchi, is a sign of disease progression in COVID-19. 

It is commonly observed in intermediate and late stages, affecting 50–60% of 

patients. Similar to GGO, consolidations are predominantly peripheral and 

posterior, often involving the lower lungs. Air bronchograms are frequent, while 

cavitation is rare and may indicate bacterial superinfection. Consolidation may 

evolve into organized changes, bronchiectasis, or volume loss in later stages. 

Reverse Halo (Atoll Sign) 
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The reverse halo or atoll sign features central GGO surrounded by 

peripheral consolidation. This pattern, indicative of alveolar inflammation and 

debris, may appear during disease progression or recovery. It is a specific but less 

common imaging finding in COVID-19. 

Other Imaging Features 

Additional findings include unilateral lung involvement in 15–20% of cases, 

nodules in up to 13%, and vascular enlargement within diseased areas, which may 

indicate microscopic capillary destruction. Subpleural lines associated with fibrosis 

may emerge during the healing phase, particularly in severe cases. Airway changes, 

such as bronchial wall thickening, bronchiectasis, and bronchiolectasis, are seen in 

10–20% of patients, with bronchial wall thickening more prevalent in children and 

severe cases. 

 
Figure 4. Images of an 81-year-old woman with peripheral-weighted diffuse 
involvement. In areas where there are ground-glass appearances (white arrows) 
on both CT (a) and MRI (b), vascular structures can be selected, while in the 
consolidated areas, vascular structures cannot be distinguished (black arrows).20 

 

Pulmonary Embolism and Thrombosis 

COVID-19 patients exhibit a higher incidence of pulmonary embolism 

(PE), particularly in critically ill individuals. PE is frequently linked to pulmonary 

thrombosis rather than embolization. Anticoagulation therapy improves prognosis, 

reflecting the disease's thrombogenic state. Microthrombi and pulmonary vascular 

damage have been documented in autopsy studies, underlining the significance of 

thrombosis as a complication rather than a direct imaging finding. 

Atypical Findings 
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Atypical imaging features include isolated lobar or segmental pneumonia 

without GGO, centrilobular nodules, tree-in-bud opacities, cavitations, and 

calcifications. Lymphadenopathy, pleural effusions, and pericardial effusions are 

rare but may indicate disease progression or alternative diagnoses. 

This systematic review has several limitations. The heterogeneity in study 

populations, designs, imaging protocols, and scoring systems limited comparability 

and prevented meta-analysis. Small sample sizes in many studies reduced result 

reliability, and most were retrospective, introducing potential biases. Data on long-

term outcomes and findings in special populations, such as children and 

immunocompromised patients, were sparse. Additionally, reliance on advanced 

imaging modalities like CT and MRI limits applicability in low-resource settings. 

Publication and language biases may also have excluded relevant non-English 

research. 

CONSCLUSION 

In conclusion, the studies reviewed highlight the clinical utility of various 

imaging modalities such as lung ultrasound (LUS), chest X-ray, computed 

tomography (CT), and magnetic resonance imaging (MRI) in diagnosing and 

assessing the severity of COVID-19 pneumonia. These imaging techniques 

demonstrated their value in detecting early signs of pneumonia, monitoring disease 

progression, and guiding clinical decisions, including the need for oxygen therapy 

and mechanical ventilation. LUS and CT scans, in particular, showed consistent 

sensitivity and specificity, with LUS effectively detecting B-lines indicative of 

early pneumonia even when chest X-rays were normal. These findings suggest that 

LUS and CT can be crucial for rapid decision-making in managing COVID-19, 

especially in settings with limited access to more advanced imaging modalities.   

However, the studies also highlighted significant limitations, including the 

retrospective nature of most research, lack of control groups, and variability in 

patient severity and timing of imaging assessments. These factors introduce the 

potential for bias, limiting the ability to draw definitive conclusions about the 

superiority of one imaging modality over another. The absence of randomization 
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and proper allocation in many studies further compounds this issue. Despite these 

challenges, the consistency in findings across studies provides confidence in the 

diagnostic value of these imaging tools.  Future research should aim to address these 

limitations by conducting large-scale, randomized controlled trials with clear 

inclusion and exclusion criteria. Such studies would help clarify the comparative 

effectiveness of different imaging techniques and their prognostic value in 

predicting patient outcomes, including mortality and the need for intensive care. 

Additionally, longitudinal studies with complete follow-up data are needed to 

further evaluate the long-term benefits of imaging in COVID-19 management.  In 

clinical practice, it is recommended that healthcare providers use a combination of 

imaging modalities, especially LUS and CT, for the early detection and severity 

assessment of COVID-19 pneumonia. These modalities should complement 

clinical evaluations and laboratory tests to ensure comprehensive patient 

management. While current findings underline the importance of imaging, further 

research is essential to refine their role and improve patient outcomes in the context 

of COVID-19 pneumonia. 
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