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Abstract
Coronavirus disease-2019 (COVID-19), a respiratory tract infection caused by 
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has become a 
global health emergency and a threat the entire world. The COVID-19 shows a 
wide spectrum of clinical presentations, severity, and fatality rates. Although the 
fatal outcomes of the COVID-19 pandemic are evident in all age groups, the most 
devastating impact on the health consequences and death from COVID-19 are 
associated with older adults, especially older men. COVID-19 pandemic is 
affecting different countries in the world especially in the 65+ years age male 
group. In fact, several genes involved into the regulation of the immune system 
are strategically placed on the X-chromosome and trigger a gendered mediated 
antiviral fight. The aim of this study is to explore and exploit whether a 
relationship exists between male sex and COVID-19 mortality and the relationship 
is age dependent. Herein we discuss the possible role of physiological and 
immunological sex differences into the higher morbidity and mortality of SARS-
CoV-2 between females and males. Deciphering gender differences in COVID-19 
offers a window into the principles of immunity against SARS-CoV-2 infection 
and this information on ageing dependent gender disparity might contribute to 
our current understanding of COVID-19 infection and disease treatment.

Key Words: COVID-19; Gender; Sex hormones; Angiotensin-converting enzyme 2; 
TMPRSS2; TLR7
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increased mortality risk; (2) Older age, underlying co-morbidities, social deprivation 
and ethnicity have been associated with worse outcomes from coronavirus disease-
2019 (COVID-19); (3) Sex hormones might be implicated in the age-dependent and 
sex-specific severity of COVID-19; (4) Male sex hormones usually appear as 
immunosuppressants, whereas female sex hormones enhances the actions of humoral 
immunity; and (5) Female sex hormones exert a protective effect of COVID-19 
severity on females through direct antiviral activity or immune-mediated mechanisms.

Citation: Al-Bari MAA, Hossain S, Zahan MKE. Exploration of sex-specific and age-dependent 
COVID-19 fatality rate in Bangladesh population. World J Radiol 2021; 13(1): 1-18
URL: https://www.wjgnet.com/1949-8470/full/v13/i1/1.htm
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INTRODUCTION
The world is facing a major public health crisis due to the epidemic of coronavirus 
infection named coronavirus disease-2019 (COVID-19) by the World Health 
Organization (WHO) caused by SARS-CoV-2 (amplified as severe acute respiratory 
syndrome coronavirus 2)[1,2]. SARS-CoV-2 infection epidemic originated from Wuhan 
city, Hubei, China, in December late 2019, has sporadically spread throughout the 
world. The SARS-CoV-2 that causes COVID-19 is a zoonotic pathogen, which can 
infect both human and animal. As of today, the 1 October 2020, WHO has reported 
that the epidemic has blown-out to more than 213 nations and areas with more than 
33722075 confirmed cases, more than 1009270 confirmed expiries and more than 
25492274 total salvages in around the world (https://covid19.who.int). Several 
millions of lives have been troubled due to compulsory isolations/quarantines. This 
epidemic has the power to overburden nationwide healthcare delivery systems and 
have main repercussions on international economy if SARS-CoV-2 proliferation and 
virulency power is not contained, or current treatments are not established. The 
infection is currently constituting a serious health, economic, social, and psychological 
effects on the whole world as the world is under lock down as a measure to curb the 
spread of the virus[3]. SARS-CoV-2 is primarily transmitted from person to person 
through respiratory airborne droplets produced when infected persons cough, sneeze, 
breathe deeply, or talk within a proximity to uninfected persons. With this emerging 
combat against this life-threatening virus, the WHO has taken several strategies to 
interrupt human contacts with others, segregate patients at preliminary stages, 
recognize and decrease spread from the animal source for minimizing the social and 
economic impact.

Coronaviruses belong to the family of Coronaviridae. SARS-CoV-2 is a beta-
coronavirus like the two other viruses that have caused fatal infections over the last 
couple of decades: The SARS-CoV and the MERS-CoV (amplified as Middle East 
respiratory syndrome coronavirus). The SARS-CoV-2 is a non-segmented, enveloped, 
single-stranded, positive-sense RNA virus with a nucleocapsid. Analysis of the viral 
full genome sequencing has shown that the SARS-CoV-2 is phylogenetically close to 
the causative agent of a viral outbreak in 2002, SARS-CoV, with which it shares about 
79% of its genome[1,2]. Since SARS-CoV-2 is hereditarily and anatomically related to 
SARS-CoV, it is appearing clear that it has its own exceptional properties that shared 
to the quick outspread around the world. Despite its similarity to SARS-CoV, its 
transmission efficiency and diagnostic methods are rather different. The coronavirus 
crown-like (“corona”) morphology is created by transmembrane spike glycoproteins (S 
proteins) which is essential for SARS-CoV-2 attachment and invasion into host cells via 
formation of homotrimers protruding from the viral surface[3]. The distinguishing 
factor of SARS-CoV-2 is probably the nucleotide changes in the S protein and its 
receptor-binding domain (RBD)[4]. The S proteins of SARS-CoV and SARS-CoV-2 show 
organizational homology and preserved ectodomains, so that previous approaches are 
applied to stop binding of SARS-CoV to its host cell receptor, angiotensin-converting 
enzyme 2 (ACE2) through a non-pH dependent endocytosis, since SARS-CoV-2 also 
employs ACE2 for cell entry[5,6]. In molecular modelling analysis, it has shown 
similarities between the RBDs of SARS-CoV and SARS-CoV-2 (also called S proteins), 
which are the most immunogenic part of the virus and probably bind the same ACE2 

https://www.wjgnet.com/1949-8470/full/v13/i1/1.htm
https://dx.doi.org/10.4329/wjr.v13.i1.1
https://covid19.who.int


Al-Bari MAA et al. COVID-19 in unequally ageing and gender disparity

WJR https://www.wjgnet.com 3 January 28, 2021 Volume 13 Issue 1

receptors in order to gain cell entry[7,8], thus suggesting that a similar pathogenic 
mechanism is involved in both viral infections. Interestingly, ACE2 receptors are not 
only expressed on alveolar epithelial type II cells, which represent 83% of all ACE2-
expressing cells, but also on heart, kidney, endothelium, and gut cells[9]. Thus, ACE2 
may create a therapeutical target to control the cell entry of SARS-CoV-2. For example, 
the clinically used antimalarial drugs chloroquine analogues such as hydroxy-
chloroquine have been found to prevent terminal phosphorylation of ACE2 and to 
raise the pH in lysosomes. Moreover, the glycosylated S protein of SARS-CoV-2 is 
extremely immune-sensitive to the host, and murine polyclonal antibodies against S 
protein of SARS-Co-V effectively hinder S-mediated cell entry of SARS-CoV-2, 
suggesting that cross-neutralizing antibodies targeting preserved S epitopes can be 
provoked upon immunization[10].

Although SARS symptoms appear with MERS, and COVID-19, the assessed fatality 
rate of COVID-19 (2.3%) is considerably lesser than SARS (11.0%) and MERS (34.0%)
[11,12]. In comparison with SARS and MERS, COVID-19 has outspread very quickly, 
possibly due to expanded globalization and modification of the virus in closely each 
environment[12,13]. Although SARS-CoV-2 is less lethal than SARS and MERS-CoV 
insofar as most patients affected with SARS-CoV-2 may progress from the 
asymptomatic state or to acute respiratory distress syndrome (ARDS) and septic shock 
in severe form of the disease. In major cases, coronavirus infected patients show a mild 
flu-like symptoms, in which the utmost general signs are fever and cough. However, a 
major portion of the patients (15.7%) who develop severe disease have increased 
difficulty in breathing because of pneumonia. However, COVID-19 may rapidly 
develop into SARS characterized by interstitial pneumonia and the rapid development 
of ARDS or septic shock in older people (> 60 year, up to 10%-20%), especially in those 
with underlying medical comorbidities, such as hypertension, diabetes, and 
pulmonary diseases[1,14]. It more interesting that female adults are excluded in the 
danger group, as small number cases of serious COVID-19 in female have been 
testified. This takes up questions concerning the molecular mechanisms of gender 
disparity linked to the COVID-19 sternness.

In some patients the SARS-CoV-2 may associated with terrible symptoms when it 
infects the lungs initiating a strong inflammatory response, a cytokine storm with 
extreme levels of acute-phase reactants[15,16]. This hyperinflammatory situation is 
categorized by increased levels of cytokines, including interleukin-6 (IL-6), monocyte 
chemoattractant protein 1 and granulocyte-colony stimulating factor as well as 
appeared with the macrophage activation syndrome like hyperferritinaemia. Here, we 
report the current understanding of SARS-CoV-2 such as its sociodemographic 
characteristics included age, sex, smoking, race/ethnicity and level of education as 
well as its clinical features, imparting the critical information for regulating our 
responses against the SARS-CoV-2 contagion. We also recapitulate the state-of-the-art 
inventions on targeting SARS-CoV-2 through a cellular point of interpretation. 
Understanding and elucidating of cellular and molecular mechanisms of gender 
disparity associated with the severity of COVID-19 may significantly advance our 
knowledge of the disease pathogenity, and thus provide to the health professionals as 
to how to well treat the ageing patients.

MATERIALS AND METHODS
Objectives: The recent COVID-19 pandemic has appeared as a threat to global health. 
Though current evidence on the epidemiology of the disease is emerging, very little is 
known about the predictors of recovery. The current objective of the report is to 
describe the epidemiology of confirmed COVID-19 patients in the United States and 
Bangladesh and identify predictors of recovery. Data source: We have collected these 
data by using publicly available data for confirmed cases in the Coronavirus Disease 
2019 (COVID-19)-Associated Hospitalization Surveillance Network (COVID-NET) 
from the Centers for Disease Control and Prevention (CDC), United States from March 
07, 2020, to September 19, 2020 (https://gis.cdc.gov/grasp/COVIDNet/
COVID19_3.html), and (https://gis.cdc.gov/grasp/COVIDNet/COVID19_5.html) as 
well as press release under Ministry of Health and Family Welfare (MOH&FW), 
Bangladesh (https://corona.gov.bd/press-release). Variables: We have undertaken 
descriptive analyses of cases stratified by sex, age group, demographic information (
e.g., race, ethnicity) and clinical (medical) history (underlying health conditions). 
Statistical methods: Correlation analysis is performed among all predictors (sex, age 
group, race and ethnicity) with student’s t-test, statistical analysis accordingly.

https://gis.cdc.gov/grasp/COVIDNet/COVID19_3.html
https://gis.cdc.gov/grasp/COVIDNet/COVID19_3.html
https://gis.cdc.gov/grasp/COVIDNet/COVID19_5.html
https://gis.cdc.gov/grasp/COVIDNet/COVID19_5.html
https://corona.gov.bd/press-release
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RESULTS
As shown in Figure 1A, the first case of COVID-19 in United States is confirmed on 
March 7, 2020. There are a small number cases of new infections for about a month. 
After two months, the figure abruptly has risen at May 30, 2020 (cumulative rate 5.9, 3, 
51.6, 136.5 and 266.6 per 100000 population as 0 to 4 year, 5 to 17 year, 18 to 49 year, 50 
to 64 year and 65+ year respectively), to reach the peak around end of June and early 
July (9.1, 4.3, 66.3, 162.0 and 306.9 per 100000 population as 0 to 4 year, 5 to 17 year, 18 
to 49 year, 50 to 64 year and 65+ year respectively). It reached continually its peak on 
the 5 September with 16.8, 9.7, 113.8, 249.8 and 451.2 per 100000 population as 0 to 4 
year, 5 to 17 year, 18 to 49 year, 50 to 64 year and 65+ year respectively confirmed 
cases. Similar case is found in Bangladesh that the rate of death per total infected cases 
(50.2%) is found in over 60-year-old patients (Figure 2A). The United States’ data 
indicate that mortality rate among younger age group patients with mildly disease is 
less prominent. This result is consistent with other report that younger patients less 
than 17 years have slighter COVID-19 severity, with practically no hospitalizations or 
expiries stated[17]. However, the mortality is higher among elderly patients particularly 
65+ years old that is required for intensive care unit admission in hospital. These 
results are similar to the other reports that the elderly people (aged over 60) were at a 
high risk of developing into death based on a worldwide data (www.who.int)[17-19].

As in Figure 1B shows on United States data that on May 30, 2020 the curve shows 
that cumulative rate 94.8 and 83.3 per 100000 population as male and female 
respectively (adjusted ratio 1.134:1) and gradually reach the peak around end of June 
and early July (112.4 and 101 per 100000 population as male and female respectively 
(adjusted ratio 1.11:1). It reached continually its peak on the 5 September with 171.8 
and 161.1 per 100000 population as male and female respectively confirmed cases 
(1.065:1). Interestingly, the prominent data is found in Bangladesh that the rate of 
death per total infected cases (77.9%) is found in male patients over female patients 
(22.1%) (Figure 2B). As shown in Figure 1B both adult males and females had similar 
recovery rates, and their difference is not statistically significant. However, in case of 
Bangladesh the rate of death in male patients is strongly statistically significant (P 
value < 0.0001). Regarding the sex proportion, there is an apparently indisputable 
outline that COVID-19 killed more males than females (Box 1). Unlike the fewer 
statement in the research from the Asian subcontinental areas such as China, South 
Korea, the data from the United States reflect the male sex is in danger for disease 
severity[20-22]. To assess the over-all situation about the world, the country-wise data[23], 
have found that the case-mortality rate among men is about 35% more inflated than 
women. The sex-disparity is consistent across age groups and regions.

Findings from multiple reports also show that patients who are more than 65 years 
of age particularly male sex having a higher BMI value (> 35 kg/m2), co-morbidities 
such as hypertension, cardiovascular disease (CVD), chronic lung disease, metabolic 
disease, neurological disease, obesity, renal disease, diabetes, coronary disease, 
obstructive pulmonary disease, nicotine dependence, and heart failure have vital risk 
factors for developing COVID-19 complications[24,25] and a high mortality rate[26,27]. 
Among them, obesity is a critical risk factor which aggravates the COVID-19[28]. In 
consistent with these views, Figure 3 shows that adult patients are susceptible for 
COVID-19 having the following serious complications such as CVD (32.6%), chronic 
lung disease (18.2%), hypertension (56.5%), metabolic disease (41.5%), neurological 
disease (24.2%), obesity (47.5%) and renal disease (15.2%). In the paediatric cases, the 
percentages of the infection cases are quite less than the adults. However, in major 
cases paediatrics are infected with COVID-19 in unknown conditions (49.7%). Delayed 
hospitalization and microbial infections are also proposed greater danger factors for 
disease development[27]. Smoking history is also a probable danger issue for emerging 
severe complications[5].

Baseline patient characteristics are also provided in Figure 4. Black patients are 
generally more susceptible than white patients with the age group (65+ years old. On 
May 30, 2020, the cumulative rates are 49.5, 158.5 and 196 per 100000 population as 
white, black and American Indian/Alaska Native respectively, to reach the peak 
around end of June and early July (57, 186.2 and 238.8 per 100000 population as white, 
black and American Indian/Alaska Native respectively). It reached continually its 
peak on the 5 September with 84.7, 290.6 and 302.4 per 100000 population as white, 
black and American Indian/Alaska Native respectively confirmed cases. In another 
report, black patients have a relative risk for hospitalization[29]. After correcting for 
gender, stage group, and comorbidities, black people have a 1.42 times higher danger 
of hospitalization for COVID-19 severity in comparison with white patients. The 
relative danger of death from COVID-19 infection is increased for males than for 
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Figure 1 Cumulative rate of infection per 100000 population. A: In different age groups under the Coronavirus Disease-2019 (COVID-19)-Associated 
Hospitalization Surveillance Network (COVID-NET) hospitalization data (by September 5, 2020; https://gis.cdc.gov/grasp/COVIDNet/COVID19_3.html); B: In gender-
based fatality rate under the COVID-19-Associated Hospitalization Surveillance Network (COVID-NET) hospitalization data (by September 5, 2020; 
https://gis.cdc.gov/grasp/COVIDNet/COVID19_3.html).

females in almost all age groups in all nations.

DISCUSSION
The COVID-19 pandemic is causing millions of deaths worldwide and it has become 
as an emerging threat to the public health globally. Although existing evidence on the 
epidemiology of the COVID-19 is emergent, a slight is identified about the predictors 
of salvage. Many countries throughout the world have experienced an unprecedented 
healthcare crisis caused by the SARS-CoV-2 infection[30,31]. Many parameters likely 

https://gis.cdc.gov/grasp/COVIDNet/COVID19_3.html
https://gis.cdc.gov/grasp/COVIDNet/COVID19_3.html
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Figure 2 Percentage of rate of death per total infected cases. A: In different age groups in Bangladesh; B: In gender-based disparity in Bangladesh.

contribute to the etiology of the COVID-19 disease. The viral population and way of 
infection can elucidate why healthcare workforces are at a greater danger; diversities 
in the genome sequences of the viruses or the genome of the host-cells (i.e., patient’s 
genetic makeup) may consider for the variables detected among different countries 
and people. At the person level, personal immunity is also a vital forecaster of the 
disease prognosis, which can be reshuffled by age levels, gender, race, ethnicity as well 
as the presence of co-morbidities. Gender- and sex-determinants are also important for 
advising the endemic in interstellar and over time. To exemplify the status of this 
opinion, data on gender of the COVID-19 deaths in the United States and Bangladesh, 
recorded until 5th September 2020 were used to evaluate age- and sex-standardized 
figures in the United States and Bangladesh.

In comparison with disease occurrence, approximately similar distribution is 
detected among males and females at different age groups according to the WHO 
case-based surveillance system as of April 18, 2020[32]. However, from data on today in 
COVID-19, not only the progression of disease severity, but also mortality and fatality 
rates necessity to be clarified by age and, in addition by sex[33]. Preliminary data 
suggest that selective persons such as the elderly, males and people with 
comorbidities, including hypertension, diabetes and obesity, have slight COVID-19 
consequences[34,35]. As the pandemic outspread over the United States during the last 4 
mo, patterns of high-danger properties explained to emerge and data of poor 
consequences (specifically high case fatality) among racial and ethnic minorities[34].

A gendered approach to the COVID-19
Evidences suggest that male gender and aged persons are key factors connected to 
higher danger of severe events and death from COVID-19[36,37]. The enhancing 
mortality rate from COVID-19 for males (2.4 times) than for females is overall 
comparable to that originated in other coronaviruses during the past two years, 
including the SARS-CoV and the MERS-CoV[37-39]. The explanations for the sex 
differences in COVID-19 are perhaps multifaceted including variations in immune 
response, higher incidence of pre-existing disease, biological differences between the 
sexes such as high levels of androgens in men, differences in lifestyle such as smoking 
habits as well as differences in underlying comorbidities[40-42]. Male are commonly 
reported to have higher serious pathological conditions, such as CVDs, whereas 
females tend to have higher non-serious long-lasting disorders, such as skeletal and 
autoimmune hypersensitive diseases[43]. Thus, the risk of male death from COVID-19 
may explain the comparatively more occurrence of causal comorbidities such as CVD, 
diabetes and chronic lung disease[44].

Mechanistically the age and gender differences in COVID-19 can be explained by 
the variable expression of an extracellular anchor represented by a cell-surface zinc 
peptidase, ACE2 which mediates SARS-CoV-2 binding and entry into cells[45,46]. Here 
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Figure 3 Percentage of selected underlying medical conditions under the coronavirus disease-2019-associated hospitalization 
surveillance network hospitalization data (by September 5, 2020; https://gis.cdc.gov/grasp/COVIDNet/COVID19_5.html).

the viral spike (S) protein is indeed a key determinant for transmissibility. Although 
ACE2 is pivotal for the entry point of the SARS-CoV-2, CD26 receptor also interacts 
with the S1 domain of the viral S protein and affects its virulence[47-49]. Since ACE2 
receptor is abundantly expressed by pneumocytes in the lungs[48], SARS-CoV-2 
infection and down-regulated ACE2 lead to higher the expression of angiotensin II 
(Ang II) that directly causes unregulated inflammatory lung damage[47-49]. Interestingly, 
ACE2 expression does not denote a completely capable of cell entry receptor as 
confirmed for SARS-CoV-2, until the cleavage at the S1/S2 and the S2′ site of the S 
protein operated by TMPRSS2 a 70 kDa membrane-anchored enzyme (type 2 
transmembrane serine protease) in order to allow viral-cellular membrane fusion[50]. 
ACE2 is commonly accountable for altering Ang II into vasodilatory and low immune 
enhancing variants of angiotensin. Ang II specifically interacts with its type 1 receptors 
called angiotensin receptors (AT1Rs) in the lung to stimulate inflammation and 
vasoconstriction via induction of the NF-κB (nuclear factor kappa-light-chain-enhancer 
of activated B cells) pathway, which enhances cytokine synthesis[6,51]. Low expression 
of ACE-2 levels and high Ang II expressions turn to enhance the permeability of 
pulmonary vessels which then consequences in inflammatory damage to the 
pulmonary tissues[52,53]. The primary culprit of severe COVID-19 is the cytokine storm 
resulting from an unchecked inflammatory response that damages the lung tissue and 
causing death in a substantial percentage of cases[54]. In the lungs, ACE2 down-
regulation associates with the human ARDS via enhanced vascular permeability, 
increased lung oedema, neutrophil accumulation and worsened lung function[51,55,56]. 
Moreover, if SARS-CoV-2 causes sepsis, then ARDS occurrence exaggerates the edema, 
swelling and can cause of death[57]. Additionally, when COVID-19 infection occurs, the 
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Figure 4 Cumulative rate of infection per 100000 population in baseline characteristics under the coronavirus disease-2019-associated 
hospitalization surveillance network hospitalization data (by September 5, 2020; https://gis.cdc.gov/grasp/COVIDNet/COVID19_3.html).

virus SARS-CoV-2 is internalized and stimulates TNF-α converting enzyme, ADAM17 
(ADAM metallopeptidase domain 17)[58]. ADAM17 slashes the ACE2 receptors 
resulting them insensitive to the stimulation of renin–angiotensin–aldosterone system. 
This is eventually accountable for additional making of cytokines, which worsen the 
inflammation[59]. In the existence of pre-existing CVD, the cytokine storm can intensify 
underscoring diseases by infuriating pre-existing heart failure, causing suppression of 
myocardial activity, enhancing the oxygen demand/supply ratio and endothelial 
disfunction[59,60]. In this setting, ACE2 could denote the first variable to validate 
different effects of the infection between sexes.

ACE2 gene is located on the X chromosome (Xp22.2), in the Barr zone. The X 
chromosome in females (XX genotype) bring twofold as many X-linked genes (> 1000 
genes) related to males (XY genotype). The X-linked gene expressions are equivalent 
between two sexes via  X chromosome inactivation (XCI) process which 
transcriptionally deactivates one copy of the X chromosome. XCI is recognized during 
embryonic development and regularly preserved throughout the life[61,62]. However, a 
part of X-codified genes (almost 15%-23%) can discharge, fully or partly, from XCI and 
this privilege is suitable for those genes located in the pseudoautosomal regions (PAR) 
1 and 2[32,63]. The ACE2 gene is located within PAR1 and the influence may not 
inevitably be an increased expression of ACE2 in women. Male susceptibility to 
COVID-19 infection may be additional boosted by X-linked inheritance of genetic 
pleomorphisms as loci of both androgen receptors (ARs) and ACE2 genes are 
positioned on the X chromosome[32]. Since ACE2 expression is originated in the testes 
(specially in Leydig cells)[5,64] serum luteinizing hormone (LH) level is significantly 
increased. As a result, the proportions of testosterone to LH and follicle stimulating 
hormone (FSH) to LH are pointedly diminished in males with COVID-19[5]. Thus, it is 
inevitability to evaluate gonadal role among patients who have improved from the 
SARS-CoV-2 infection, particularly in reproductive-aged men.

Another exciting finding related to coronaviruses resides on the co-expression of 
TMPRSS2 together with ACE2. TMPRSS2 is a critical factor in enabling cellular 
infection by SARS-CoV-2 for priming the viral S protein S1 domain and employing the 
S2 domain for viral infectivity[50,65,66]. Several speculations may strengthen the role of 
sex into the expression of TMPRSS2. TMPRSS2 is located on chromosome 21q22.3 and 
several AR elements are positioned upstream of the transcriptional promoter 
region[67,68]. Notably, AR activity seems to be required for the transcription of the 
TMPRSS2[5,69]. It is hypothesized that genetic variation of AR is associated with prostate 
cancer and androgenetic alopecia is also related to ethnic disparities in COVID-19 
death[70]. Androgens powerfully upregulate the TMPRSS2 expression in prostate cancer 
cells[31,71] and they can also regulate the oncogenic ERG transcription factor (or, more 
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rarely, other members of the ETS family) when the TMPRSS2:ERG fusion gene is 
formed due to somatic gene reshuffles in prostate cancers[32].

Sex hormones and hormone therapy during COVID-19 pandemic
Sex hormones might be implicated in the age-dependent and sex-specific severity of 
COVID-19. Sex hormones, e.g., testosterone and oestrogen significantly affect immune 
responses in both sexes[36,72,73], a part of which are in straight connections between sex 
hormones and immune cells. Increasing evidence proposes that both sex hormones 
and hormone therapy could be beneficial in COVID-19 treatment through direct 
modulation of antiviral activity or immune regulation[32]. Several studies suggest that 
both high and low testosterone levels can favour severe COVID-19[32,74]. For example, 
high testosterone levels upregulate TMPRSS2, facilitating the entry of SARS-CoV-2 
into host cells via ACE2 (Figure 5). A recent analysis supports the hypothesis that 
androgen-deprivation therapy (ADT) might protect men from SARS-CoV-2 
infection[32,75]. An epidemiological data also provision that ADT provide a defensive 
role in COVID-19 patients with prostate cancer. A mode of clarification for this 
concept is connected to the viral entry facilitated by TMPRSS2[32,75]. Furthermore, 
upregulated testosterone expressions can also impart to the progress of microthrombi 
and venous thromboembolism, which are signs of severe COVID-19 patients[76]. In 
addition, the 5α-reductase (a well-known converting enzyme to testosterone) 
inhibitors (dutasteride) can be applicable in COVID-19, by suppressing the ACE2 
expressions and the internalization of the spike receptor[32]. Contrarywise, other studies 
propose that the immune modifying properties of androgens can defend from the non-
satisfactory cytokine storm of COVID-19. Preclinical data also recommend that 
camostat mesylate, which hinders the protease action of TMPRSS2, is able to hinder 
the entry of SARS-CoV-2 in lung epithelial cells[50]. Preclinical data showed that 
inhibitors of TMPRSS2 (such as camostat, nafamostat and bromhexine) and of 5α-
reductase might be active against SARS-CoV-2[32,50]. Although the androgen-driven 
concept is fascinating, it remains obscure why younger males with COVID-19, who 
have greater testosterone levels in comparison to adult males, display diminished 
sternness and fatality rates[77]. Likewise, it would be unpredicted that aged males who 
have lesser testosterone levels display amplified sternness and fatality rates to COVID-
19. Obesity is a well-known risk factor for CVDs and testosterone levels of obese males 
are reported to be distinctly lesser than in the non-obese people. Remarkably, the 
amount of dropping testosterone levels is interrelated to blood glucose levels and lipid 
profiles[78]. By inclining to obesity, lowered levels of male sex hormones, specifically 
testosterone, can possibly be involved in the advance of CVDs and COVID-19. 
Additional experimental and clinical studies are vital to categorize the underlying 
associations among testosterone levels, obesity and CVDs, and the basic mechanisms. 
Thus, it is vital to evaluate why-among males with COVID-19-younger age is 
powerfully defensive against adverse consequences. It is probable that testosterone has 
a defensive anti-inflammatory action in younger males.

Testosterone is reported to have anti-inflammatory functions via suppression of 
both the cellular and humoral immune systems[52,79]. Testosterone is reported to 
decrease IL-6 and tumor necrosis factor α (TNF-α) levels via suppression of the NF-κB 
pathway. Down-regulated testosterone expression, as can happen in aging males, has 
also been correlated with upregulated inflammatory cytokines including IL-6 and may 
trigger to high risk of pulmonary injury after pneumonia[52]. Androgens usually inhibit 
the inflammatory signals by reducing the action of the peripheral blood mononuclear 
cells, and the secretion of inflammatory factors and cytokines, such as IL-1β, IL-2, 
TNF-α[32,41]. Androgens may also endorse the release of inflammatory cytokines such as 
IL-10 and TGFβ (transforming growth factor-β) via AR signaling pathway[32]. These 
immune- oppressive actions of androgens could induce COVID-19 infection, but might 
also suppress the cytokine storm that exemplifies with the most COVID-19 severity.

For the most severe infections, females have been constantly found to stand a 
greater immune reply than do males. Generally, the women show more immune 
responses effectively to microorganisms by making greater quantities of interferons 
(IFN) and antibodies; though this defensive action mediated mainly by estrogen, is 
reduced in postmenopausal females[52]. In cases of coronaviruses, females have verified 
a steady survival benefit over males[52]. A large amount of authentication suggests that 
female sex hormones, particularly estrogens and progesterone might apply a 
protecting role on women via direct antiviral action or immune-protective effects, thus 
elucidating the greater COVID-19 sternness in post-menopausal females. For instance, 
expressions of estrogen receptors (abbreviated as ERα and ERβ) occur in a wide 
variety of immune cells (T, B, NK cells, DCs, macrophages, neutrophils). Additionally, 
sex hormones are proposed to provide dose-dependent action on immune cells[41,80]. 
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Figure 5 The role of sex hormones and hormone therapies in modulating severe acute respiratory syndrome coronavirus 2 entry in host 
cells and immune response. The replication cycle of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) begins when the virion binds to the host 
cell receptor, angiotensin-converting enzyme 2 (ACE2) via its spike protein S1 subunit. After receptor binding, the virus gains access to the cytosol by acid-dependent 
proteolytic cleavage of the S protein into S1 and S2 subunits by a furin, cathepsin, transmembrane serine protease 2 (TMPRSS2), or another protease, followed by S2-
assisted fusion of the viral and cellular membranes. In this proposed model, androgens can upregulate the activity of TMPRSS2 which is necessary for the SARS-CoV-
2 spike protein priming. Female sex hormones, estrogens might downregulate the ACE2 expression, which is used by SARS-CoV-2 for host cell entry. Androgens 
suppress the inflammatory responses by decreasing the activity of the peripheral blood mononuclear cells, as well as the release of inflammatory factors and cytokines, 
such as IL-1β, IL-2, TNF-α. Female sex hormones, estrogens and progesterone exert a protective effect on females, through direct antiviral activity or immune-
mediated mechanisms. Estrogen receptors (ERα and ERβ) are expressed in a diverse array of immune cells (T, B, natural killer cells, macrophages, DCs, neutrophils) 
and modulates immune responses. SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2; ACE2: Angiotensin-converting enzyme 2; TMPRSS2: 
Transmembrane serine protease 2; ERs: Estrogen receptors.

Hereafter, age-related changes or menstrual-cycle dependent variations in the female 
sex hormone levels can affect the collaboration between sex hormones and immune 
cells. Unexpectedly, it is found that immune responses between both sexes deviate as 
age upsurges, although the hormonal levels lower with ages[80]. Estrogens can 
downregulate the expression of ACE2 mRNA in bronchial epithelial cells in vitro[81]. 
Beyond this mechanism, estrogens have also a potential favorable role related to their 
immune-modulating properties. Notably, testosterone can be transformed to estrogen 
in peripheral tissues via aromatase enzyme, which may provide an anti-inflammatory 
action. This observation suggests that estrogens can protect females from severe 
COVID-19 compared to men and that post-menopausal women[81]. Although estrogen 
has a multifaceted role in modifying the immune system, it is stated to have an anti-
inflammatory action at regular biological levels in premenopausal females[82]. In 
general, inflammatory cytokines, such as IL-6, IL-8 and TNF-α are suppressed by 
periovulatory doses of estrogen, although minimal estradiol levels can enhance 
inflammatory factors, which can clarify the proinflammatory states suffered by 
postmenopausal women. Although postmenopausal women are described to have 
greater expressions of proinflammatory cytokines including IL-6; these cytokine 
expressions are suppressed by the application of hormone replacement therapy 
(HRT)[83]. Therefore, the NF-κB pathway activated by Ang II enhances cytokine 
production after SARS infection while the NF-κB pathway can be shut down by 
estrogen and this strategy might be relevant for COVID-19 treatment in female 
patients.

Progesterone and 17β-estradiol (E2) have distinct roles in modulating innate and 
adaptive immunity[72] based on concentration[81]. Low concentrations of E2 promote 
pro-inflammatory cytokine production and stimulate TH1 (T helper type 1) cells, 
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whereas highly concentrated E2 suppresses cytokine secretion and enhances TH2-cell 
mediated humoral immunity (Figure 5). In general, progesterone stimulates anti-
inflammatory effects and can indulge the CD4+ T skewness from TH1-cells to TH2-cell 
actions[84]. It has been suggested that a triggered TH2-cell mediated immune response 
to such as in patients with asthma, might protect against severe COVID-19[85]. Finally, 
current data propose that progesterone provides a straight antiviral action on SARS-
CoV-2 via the modification of the Sigma receptors[86]. Moreover, MERS-CoV and SARS-
CoV in vivo data also support that SERMs (selective estrogen receptor modulators) 
such tamoxifen and toremifene, may be applicable against COVID-19[87], although 
emphasizing the necessity of more investigations in patient treatment.

The complex variability of immune responses based on age and sex may also 
elucidate the age-dependent and sex-selective sternness of COVID-19[54,88]. Our 
immune system is composed of two distinct arms with different functions: Adaptive 
and innate immunity. The first line of defence, innate immunity acts against 
dangerous invaders like SARS-CoV-2 via capturing and deactivating pathogenic 
organisms and initiating inflammation. Classically, acute inflammatory responses lead 
to a quick accumulation of immune cells and macromolecules at the injurious sites for 
eliminating the aggressor. However, chronic inflammatory responses can lengthen to 
affect abundant cellular machineries. Aging phenomena have been correlated with 
such chronic stimulation of inborn immunity, linked to systemic strengthen in 
inflammation (called as “inflamm-aging”) that might be harmful for the body[89]. The 
cellular senescence modulates the pathogen clearance during infections, and this mode 
of action might impart to clarify the age-dependent COVID-19 severity[72]. 
Additionally, discrete immune responses are confirmed between the sexes, and can 
consequence in disparity occurrence and vulnerability of males and females to 
autoimmune diseases, tumours and infections[72]. Acquired immune cells are 
militarized when the inborn immunity is inadequate to defeat a hazard. Cell mediated 
immunity specifically B and T cells can eradicate a danger precisely by selectively 
binding with a certain threat (for example, a small fragment of protein or a part of 
antigen to SARS-CoV-2). In addition to chronic activation of innate immunity, 
adaptive immune functions decline with age[90].

Sex differences in immune responses underlying COVID-19 disease
The X chromosome of Drosophila melanogaster docks many genes encoding for innate 
signalling proteins. This can provide a probable clarification for the sex-specific 
differences into immunity against viral infections. However, Y chromosome encoded 
Sry expression decrease the immune response. It is supported that X chromosome is 
partly accountable for the over-active respondents of the female immunity. Hence the 
high incidences of auto-immune diseases may occur in women by contributing to the 
collapse of self-tolerance[91]. Moreover, the giant X chromosome comprises the greatest 
number of immune-correlated genes in the full genome[92], including genes that are 
involved in innate [e.g., PRRs (pattern recognition receptors), TLR7 and TLR8 and 
acquired immune responses (e.g., chemokine receptor CXCR3). Although inactivation 
of X chromosome has may preserve correspondent gene expression into the two sexes, 
a lower number of genes located in the intron regions can escape this mode. Therefore, 
the products of these genes are exposed in females and the PRRs, TLR7 and TLR8 are 
escaped from XCI region[73]. Upon ligand interaction, TLR7 dimerizes and activates 
MyD88 (myeloid differentiation primary response gene 88), MAPK (mitogen-activated 
protein kinase) cascades, NF-κB pathway as well as IRF (IFN regulatory factor) -7 and 
IRF-5 activation[93]. In humans, mRNA levels for IRF-5 associate with oestrogen 
receptor 1 (ER1) levels proposing a possible IRF-5 regulation by transcriptional ER1 
level[94]. Besides, IL-6 has been claimed to be critically involved into the down-
regulated host immune response of COVID-19 patients[95]. Finally, TLR7 may stimulate 
B cells to enhanced antibody production.

A current study supports that females with severe COVID-19 cases have a greater 
amount of serum SARS-CoV-2 IgG in comparison with males, and the production of 
IgG in the initial phases of contagion looks like to be vigorous in women than in 
men[96]. It is also discovered distinct sex variances in how the B cell change with age[80]. 
B cells (numbers and percentages) are lower in older men (> 65+ years)[97] supporting 
that some of these sex-variances are preserved transversely people. Reduction number 
of B cells in aged men might consequence in reduction of antibody supply that might 
weaken the ability of an individual to fight against infectious pathogens. A pilot study 
suggests that injection of plasma therapy from recovered patients that comprises 
antibodies are capable to counteract SARS-CoV-2 virus pointedly and upgraded the 
critically ill COVID-19 patients[98]. But, a biosafety issue is a spectacle called antibody-
dependent enhancement (ADE), when non-counteracting antiviral antibodies initiate 
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the entry into host cells thereby cumulative the SARS-CoV-2 infectivity[98].
It is also found accelerated age-related T cell function declines in men compared to 

women[80]. For example, incidences of naive T cells reduced with age, principally in 
CD8+ T cells in both sexes, although females had greater naive T cells in comparison 
with men in both young and aged persons[99]. Females have been observed to have 
higher thymic action in comparison with males in all ages[100], which may likely clarify 
sex-variances in naive T cells. Lymphocytopenia has been reported in severe cases of 
COVID-19[101] including severe decays in CD4+ and CD8+ T cells. Collected these data 
support that SARS-CoV-2 may weaken antiviral immunity pointedly and this 
weakening may have drastic outcomes for aged persons.

Association of frailty with mortality in COVID-19
Irreparable process, human aging causes decrease in cognitive ability with the increase 
in age. There are many factors accelerating a person’s biological age such as diet, 
exercise, lifestyle and co-morbidities (hypertension, diabetes, obesity). With aging, 
changes in hematopoietic stem cell (HSC) pool contribute to the functional decline in 
both innate and adaptive immune systems. Somatic mutations in HSCs is more 
commonly found in aged persons, where consequence of a mutated HSC and its 
immune cell offspring is denoted as “clonal hematopoiesis”[102] and associated with 
COVID-19 morbidity. Mounting evidence support that cardiac comorbidities are 
common in COVID-19 patients and such patients are in greater risk of mortality. The 
danger of CVD is two times greater in persons with clonal hematopoiesis[102]. 
Abnormal clonal hematopoiesis can provoke pro-inflammatory cytokines such as IL-6, 
IL-1β and IL-8, and inflammatory signals in macrophages and mast cells[102]. Higher 
levels of cytokines cause a sustained confluency of innate immune cells and a decrease 
production of acquired immune cells, so that the outcome of clonal hematopoiesis may 
participate to deprived COVID-19 consequences in aged persons. It is also found that 
SARS-CoV-2 directly activates mast cells with the subsequent release of 
proinflammatory cytokines such as IL-1.

The association COVID-19 with age is long-established with aged patients being 
additional susceptible to die. Principally ACE2 receptors and CD26 are responsible for 
the increased age-related susceptibility of COVID-19 and both the receptors are highly 
expressed in senescent cells. Coronaviruses target both ACE2 receptors and CD26 and 
the overexpression of these receptors in older patients cause augmented fatality rate in 
COVID-19 patients[29,103]. Ageing, a progressive decline in tissue homeostasis is 
correlated with chronic inflammatory symptoms. Several factors such as abnormal 
immune function, cytokines production by senescent cells, NF-κB signaling pathway 
activation or a defective autophagy response may enhance the activation of 
inflammatory pathways (i.e., the NOD-like receptor 3 inflammasome). Mounting 
reports support that cytokines storm is aroused in patients with COVID-19 which is 
chiefly revealed by enhancing IL-2, IL-7, G-CSF (granulocyte colony stimulating 
factor), and TNF-α. Of all the cytokines, IL-6 has been observed to be interlinked to 
extremely severe SARS-CoV-2 infection owing due to amplified viral replication[104]. It 
is observed that the CD8+ counts in frail COVID-19 patients are dramatically decrease 
than that in normal patients. CD4+ and CD8+ T cells are also necessary for clearance of 
viruses during principal infection in the mucosa[105]. Cytotoxic CD8+ T cells can destroy 
virus mediated infected cells. Thus, frailty-associated decay in immune action may 
clarify the interlinked between ageing and higher adverse consequences.

CONCLUSION
The emerging COVID-19 pandemic as a global threat and public health challenges 
throughout the world. This report highlights the importance of multiple risk factors of 
disease severity and mortality such as old age, male sex, smoking, and comorbidities 
for the pathobiology and clinical landscape of COVID-19. Mounting evidence suggests 
that COVID-19 is a sex specific and aged influenced disease and it affects by a wide 
variety of variables fluctuating from genetic to socioeconomic factors. Therefore, in our 
considerations, we covered the emerging COVID-19 pandemic infection in the 
comprehensive and many-sided context of connections. Although it is endeavored to 
draw hypotheses about gender and ageing specific disparities of SARS-CoV-2 
infection, gender equality and frailty should be given the first priority for further 
investigation to treat COVID-19 infection.
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Abstract
Coronavirus disease 2019 (COVID-19) is caused by the novel coronavirus severe 
acute respiratory syndrome coronavirus-2 (SARS-CoV-2). Systemic complications 
include cardiovascular, neurological, hepatic, renal and altered coagulation. 
Derangements in haemostasis with SARS-CoV-2 infection have been termed 
COVID-19 associated coagulopathy (CAC). CAC is postulated to be one of the 
significant causes for sudden deaths in this pandemic, with infection of 
endothelial cells and subsequent endotheliitis through angiotensin-converting 
enzyme-2 receptors playing a key role in the pathogenesis. In this pictorial review, 
we describe the imaging findings in a multitude of extrapulmonary arterial (aorta, 
cerebral, mesenteric, renal and peripheral arterial system) and venous thrombotic 
phenomena detected on contrast-enhanced computed tomography and magnetic 
resonance imaging of COVID-19 patients which could not be attributed to any 
other causes. Knowledge of incidence of these complications, lowering the 
threshold for diagnostic imaging in symptomatic patients and timely radiological 
detection can play a vital role in subsequent management of these critically ill 
patients.

Key Words: COVID-19; Coronavirus; Thrombus; Arterial; Aorta; Tomography
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Core Tip: Coronavirus disease 2019 (COVID-19) disease is a systemic illness with 
multi-organ system manifestations. Coagulopathy in the setting of COVID-19 has a 
unique pathophysiology with a propensity for both arterial and venous thrombosis. 
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These phenomena may be clinically occult with imaging playing a vital role in 
detection and management. A high degree of clinical suspicion with a low threshold for 
cross sectional imaging can positively alter outcomes during this ongoing pandemic.
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INTRODUCTION
Coronavirus disease 2019 (COVID-19) caused by the novel severe acute respiratory 
syndrome coronavirus-2 (SARS-CoV-2) began as no more than a cluster of pneumonia 
cases first reported in the Hubei province of China in December 2019. From its origin 
till date however, it has swept across the globe; emerging as one of the most far-
reaching pandemics in human history. The most common presentation of COVID-19 is 
related to infection of the respiratory epithelial cells by the virus and ranges from mild 
upper or lower respiratory tract symptoms to hypoxic respiratory failure requiring 
oxygen therapy and in some instances, mechanical ventilation. Systemic complications 
include cardiovascular, neurological, hepatic and renal dysfunction, as well as altered 
coagulation[1]. Derangements in haemostasis occurring in patients with SARS-CoV-2 
infection have been termed COVID-19 associated coagulopathy (CAC). CAC is 
postulated to be one of the significant causes for sudden deaths in this pandemic 
especially those occurring out of hospitals[2]. Literature is still emerging regarding the 
epidemiology and pathophysiology behind CAC with reported incidence of venous 
and arterial thromboembolism between 10%-25% among the COVID-19 admitted 
patients, with increase in incidence up to 31%-59% amongst those in intensive care[3-5]. 
The pro-coagulant state has been attributed to macrophage and endothelial cell 
mediated processes culminating in the acceleration of fibrin synthesis and suppression 
of its degradation[2]. Infection of endothelial cells through angiotensin-converting 
enzyme-2 (ACE-2) receptors is believed to be a characteristic unique to corona viruses 
and this plays a key role in pathogenesis[2,6]. Although CAC shares some common 
underlying mechanisms causing widespread micro/macro thrombi with conditions 
like sepsis induced coagulopathy, disseminated intravascular coagulation, 
hemophagocytic and hemolytic uremic syndromes; it has a few distinctive features not 
previously described in these conditions; and has emerged as a new category of 
coagulopathy[2]. The most common alterations in coagulation parameters in CAC 
include markedly elevated D-dimer levels; mild to moderate thrombocytopenia and 
prolonged prothrombin time[2,7].

Initially, a possible association between SARS-CoV-2 viral infection and pulmonary 
vascular thromboembolism was proposed in multiple case reports emerging from 
global hotspots when patients who developed sudden onset cardiac or respiratory 
deterioration or both at any time during the course of the disease, also had elevated D-
dimer levels and a positive pulmonary angiography[8-12]. Subsequently, in a research 
article by Kaminetzky et al[13], a higher incidence of pulmonary embolism was recorded 
amongst the COVID-19 positive cohort. The study concluded that pulmonary 
embolism could indeed be a cause for acute deterioration in these patients. In addition, 
it suggested that D-dimer levels could be used for risk categorization.

In this pictorial review, we describe the imaging findings in a multitude of 
extrapulmonary arterial and venous thrombotic phenomena detected in cross sectional 
imaging (computed tomography/magnetic resonance imaging, CT/MRI) of COVID-
19 patients which could not be attributed to other causes. Knowledge of incidence of 
these complications and early radiological detection can play a key role in subsequent 
management of these critically ill patients, often determining the outcomes.

https://www.wjgnet.com/1949-8470/full/v13/i1/19.htm
https://dx.doi.org/10.4329/wjr.v13.i1.19
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CEREBRAL VASCULATURE
Arterial system
Stroke is characterised by neuronal injury with a manifest clinical deficit secondary to 
a vascular cause. It encompasses parenchymal infarction, intracerebral and 
subarachnoid haemorrhage[14]. Stroke is an important cause of morbidity and mortality 
world over. The causal relationship between infections and stroke has been researched 
in the past and has been deemed probable. Bacteria, viruses, fungi and a few parasites 
have been recognised as primary etiological or contributory factors of stroke[15]. The 
most important mechanism of stroke in infections is the stimulation of a systemic 
inflammatory response and consequent generalised procoagulant state or a localised 
effect on atherosclerotic plaques making them prone to rupture[16]. Other means of 
pathogenesis include effects on vasculature — vessel wall inflammation (e.g., 
Varicella- Zoster, Epstein-Barr, Cytomegalovirus) and/or vessel wall remodelling (
e.g., human immunodeficiency virus), emboli from cardiac causes including valves (
e.g., infectious endocarditis due to staphylococcus, streptococcus, HACEK group of 
bacteria) and from dilated chambers (dilated cardiomyopathy in Chagas disease)[15].

Stroke is one of the neurological complications associated with SARS-CoV-2 
attributed to CAC (Figure 1A-D). One of the interesting mechanisms includes binding 
with and depletion of ACE-2 receptors reducing its vasodilatory and anti-
inflammatory effects[17]. Literature regarding epidemiology of stroke in COVID-19 is 
still emerging and the exact incidence is yet to be established. Some interesting 
imaging observations include large vessel involvement in a relatively younger 
population even in the absence of established risk factors, concordant multiple vessel 
(both cerebral and systemic) thrombosis, unusual sites of thrombi, greater thrombus 
load and poorer functional outcomes due to contributory effects of hypoxia from lung 
and myocardial involvement[18].

Venous system
Cerebral venous thrombosis (CVT) is less common when compared to other types of 
stroke and affects a different patient demographic, those of a comparatively younger 
age group with a notable female preponderance. The most important risk factors for 
CVT are genetic and acquired causes of thrombophilia including pregnancy, 
puerperium, intake of contraceptive pills, infections and neoplasms (CNS, systemic). 
Most common infections associated with CVT include oto-mastoiditis, sinusitis and 
facial infections with an overall declining trend in the modern antibiotic era[19]. CVT 
seldom presents with focal neurological deficit like typical stroke. The symptoms vary 
depending on the site of thrombosis, chronicity and patient age. Headache is the most 
common initial and in many instances, the only presenting symptom[20]. MRI with 
venography is the investigation of choice to confirm the diagnosis (Figure 2A-D).

Cases of CVT are being increasingly reported during this pandemic, CAC most 
likely being the underlying mechanism. Clinicians need to maintain a high index of 
suspicion while treating COVID-19 patients with persistent headache irrespective of 
presence of other neurological symptoms[21]. A low threshold for ordering radiological 
investigations in these patients can potentially alter therapeutic decision making. 
Imaging in CVT includes demonstration of the thrombus as a loss of flow void in 
baseline images and absence of flow related signal in venography[19]. Associated 
complications including venous infarcts, intra and extra-axial haemorrhages.

THORACIC AORTA
Aortic mural thrombus (AMT) is a rare entity defined by an intraluminal filling defect 
with an attachment to the intima. Two types have been described namely sessile and 
pedunculated with the latter having a higher incidence of peripheral embolization and 
related complications. AMT is usually associated with regional vessel wall 
abnormalities like atherosclerosis, aneurysm, vasculitis and dissection. Primary AMT 
without underlying wall pathology is extremely rare and one multicentre study 
including more than 10000 autopsies reported its incidence at approxiately 0.45% and 
that of major vessel occlusion contributive to mortality up to 6%[22]. CAC is one cause 
of such aortic thrombosis likely due to endothelial inflammation[2]. It is usually the 
radiologist who first comes across this finding and alerts the clinicians, aiding in 
subsequent management depending on the site, size of thrombus and patients' 
hemodynamic and respiratory status (Figure 3A and B).
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Figure 1 A 35-year-old male with posterior circulation stroke. A and B: Axial sections of magnetic resonance imaging brain (T2W, diffusion sequences) 
show areas of high signal in both cerebellar hemispheres, vermis and brainstem suggestive of acute infarcts; C and D: Magnetic resonance artery coronal and axial 
sections show complete non visualization of right vertebral artery (arrow) suggestive of thrombosis.

ABDOMINAL VASCULATURE
Mesenteric vessels
Mesenteric ischemia is an uncommon, potentially fatal abdominal emergency. It is 
characterised by interrupted blood supply to the gastrointestinal tract with resulting 
mural ischemia progressing from a reversible mucosal stage to irreversible transmural 
necrosis and subsequently more adverse outcomes. Hence, a very important 
prognostic factor is the temporal relation between symptom onset and initiation of 
revascularization with mortality rate increasing from 12% in the initial 12 h to nearly a 
100% when there is a delay of more than 48 h[23]. Contrast-enhanced CT (CECT) is the 
investigation of choice for diagnosis and exclusion of other causes of acute abdomen. 
The presentation can be nonspecific with abdominal pain being the most frequent and 
consistent symptom[24].

Causes of ischemia are most commonly arterial, either embolic (approxiately 40%-
50% cases) or in situ thrombosis of a vessel with pre-existing luminal narrowing 
(approxiately 25%-30%), the latter being more common in the elderly (> 70 years). 
Mesenteric venous occlusion as a cause of ischemia is less common (approxiately 5%-
10%), and usually occurs in a much younger population with hypercoagulable states. 
Non-occlusive mesenteric ischemia is a condition with diffuse small and large bowel 
involvement without identifiable focal stenotic or occlusive vascular pathology usually 
occurring in generalised low flow states like cardiogenic or hypovolemic shock[23,25].

The role of imaging in mesenteric ischemia is two-fold and includes diagnosis and 
prognostication. A systematic approach should be followed including evaluation of 
vasculature (assessment of presence and extent of occlusive/partial filling defects, 
mural atherosclerotic changes), bowel (for presence of dilation, mural enhancement, 
thickening/thinning, pneumatosis), mesentery and additionally signs of perforation 
(wall discontinuity, pneumoperitoneum)[23,25].

Mesenteric ischemia has been reported in patients with severe COVID-19 disease 
with underlying causative mechanisms including CAC, direct enterocyte infection, 
microvascular thrombosis in the gut wall and non-occlusive ischemia[26]. Concomitant 
arterial and venous mesenteric thrombosis has been reported with COVID-19 
disease[27] (Figure 4A-D). Knowledge of this complication and timely investigation 
followed by intervention can help reduce associated mortality from this condition.
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Figure 2 A 61-year-old male with Dural venous thrombosis. A and B: Axial and coronal sections of magnetic resonance imaging brain (T2WI sequence) 
show acute hemorrhage (arrow) in right frontal lobe with left sided midline shift; C and D: Magnetic resonance venography sagittal oblique and axial sections show 
absent flow related signal in anterior third of superior sagittal sinus suggestive of thrombosis.

Figure 3 A 64-year-old male with aortic mural thrombosis. A and B: Coronal and sagittal sections of arterial phase of contrast-enhanced computed 
tomography thorax show pedunculated thrombus in aortic arch suggestive of aortic mural thrombus.

Renal artery
Renal artery thrombosis may be secondary to embolic phenomena or in situ 
thrombosis. The most common source of emboli are cardiac, usually secondary to 
either structural (valvular abnormalities, cardiomyopathy) or functional abnormalities 
(arrhythmias, myocardial infarction) or from the aorta (aneurysms, atherosclerosis). In 
situ thrombosis could be secondary to vasculitis, trauma or dissection[28]. Absence of 
these predisposing factors raises the possibility of de-novo thrombosis secondary to 
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Figure 4 A 65-year-old female with acute mesenteric ischemia. A: Coronal reformatted image of contrast-enhanced computed tomography (CECT) 
abdomen shows filling defects (orange arrow) in ileal branches of superior mesenteric artery suggestive of thrombosis; B: Coronal reformatted image of CECT 
abdomen shows occlusion of accompanying tributaries of superior mesenteric vein (SMV) with superior extension of thrombus into the main stem of SMV; C: Axial 
CECT image showing dilated small bowel with paper thin wall (long orange arrow), circumferential pneumatosis (dotted orange arrow) and foci of free extraluminal air 
(small orange arrow) indicating transmural bowel necrosis with perforation; D: Coronal CECT image showing a bowel segment with absent mural enhancement (solid 
orange arrow), and ascites (dotted arrow).

CAC (Figure 5A and B). The importance of identification of renal artery thrombosis 
lies in the fact that it is a treatable cause of renal dysfunction. Indeed because of its 
non-specific clinical presentation (most commonly unilateral flank pain) radiologists 
play a key role in detection and management which entails anticoagulation measures 
and endovascular intervention as indicated.

PERIPHERAL VASCULATURE
Arteries
Peripheral arterial disease (PAD) is characterised by reduced or absent forward flow in 
major systemic vessels excluding the cerebrovascular and coronary circulations. It 
affects the lower limb arteries more frequently with the most common cause being 
atherosclerosis. Other less common causes include thromboembolism, vasculitis, 
degenerative and dysplastic conditions of vessel wall. Risk factors for PAD include 
diabetes, obesity, hypertension, hyperlipidemia, smoking (strongest association) and a 
positive family history. Clinically PAD is classified based on patient presentation into 
four categories: Asymptomatic, intermittent claudication, acute and chronic limb 
ischemia on the basis of American Heart Association/American College of Cardiology 
guidelines[29]. Amongst this acute limb ischemia due to any cause is an emergency 
since the rapidity of developing occlusion precludes collateral pathway formation, 
thereby threatening limb viability. The most common mechanism of acute limb 
ischemia is rupture of pre-existing atheromatous plaque with thrombus formation and 
vessel occlusion.

CT angiography plays an important role in management by classification of PAD 
based on location, lesion length [short (< 5 cm) vs long], degree of luminal narrowing 
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Figure 5 A 74-year-old male with renal artery thrombosis. A and B: Axial baseline and oblique coronal reformatted maximum intensity projection images of 
arterial phase contrast-enhanced computed tomography images showing hypodense filling defect involving left renal artery from ostium to hilum and its segmental 
branches with non-enhancement of left kidney suggestive of left renal artery thrombosis with infarct.

and status of distal vessels (most important consideration in revascularisation 
procedures)[30] (Figure 6A-C). Functional classification (Fontaine/Rutherford) along 
with radiological investigations help guide the course of treatment planning between 
conservative, endovascular and surgical[31]. A retrospective study by Goldman et al[32]. 
during the pandemic situation (January to April 2020) witnessed an elevated positivity 
rate amongst CT angiographic studies performed for claudication symptoms in 
COVID-19 patients with a higher clot burden and worse prognosis (higher incidence 
of amputation and/or death) in test population when compared with control group.

Deep venous system
A recently published meta-analysis of literature with reference to the prevalence of 
deep vein thrombosis and venous thromboembolism in COVID-19 patients estimated 
these at approxiately 20% and 30% respectively[33]. Prevalence was higher amongst 
patients with a higher BMI, those belonging to an older age group and with a more 
severe illness. The prothrombotic state induced by SARS-CoV-2 has led to the question 
of whether pulmonary thrombi in this disease originate from peripheral veins or 
develop in situ, the significance being the difference in composition and subsequently 
choice of anticoagulation. This article brings attention to the requirement of 
appropriate screening protocols in all COVID-19 patients. Therapeutic strategies 
including choice of anticoagulant, dosage and duration are beyond the scope of this 
review.

CONCLUSION
Although SARS-CoV-2 is primarily a respiratory virus, COVID-19 is more of a 
systemic illness with multiorgan involvement. Coagulopathy associated with this 
condition can affect both arterial and venous systems with catastrophic effects 
depending on the site and severity of thrombosis. Many of these phenomena can be 
clinically silent or obscure in presentation. Imaging therefore remains the cornerstone 
in arriving at the appropriate diagnosis with a potential to alter the course of disease 
progression by advocating timely management.
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Figure 6 A 51-year-old male with peripheral arterial disease. A: Coronal oblique reformatted image of contrast-enhanced computed tomography abdomen 
shows mall mural thrombus in abdominal aorta (long arrow); and another partially occluding thrombus at right common iliac artery (short arrow) bifurcation extending 
into external iliac branch and synchronous complete thrombosis of right internal iliac artery (broad orange arrow); B: Three-dimensional reconstructed image shows 
defect in right common iliac artery and complete non visualization of right internal iliac artery; C: Coronal maximum intensity projection image of computed 
tomography angiography of bilateral lower limbs shows filling defect in right tibio-peroneal trunk just beyond origin with poor distal reformation (thin arrow), and non-
opacification of mid and distal third of right anterior tibial artery (broad orange arrow).
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Abstract
BACKGROUND 
Redundant nerve roots (RNRs) of the cauda equina are often a natural 
evolutionary part of lumbar spinal canal stenosis secondary to degenerative 
processes characterized by elongated, enlarged, and tortuous nerve roots in the 
superior and/or inferior of the stenotic segment. Although magnetic resonance 
imaging (MRI) findings have been defined more frequently in recent years, this 
condition has been relatively under-recognized in radiological practice. In this 
study, lumbar MRI findings of RNRs of the cauda equina were evaluated in spinal 
stenosis patients.

AIM 
To evaluate RNRs of the cauda equina in spinal stenosis patients.

METHODS 
One-hundred and thirty-one patients who underwent lumbar MRI and were 
found to have spinal stenosis between March 2010 and February 2019 were 
included in the study. On axial T2-weighted images (T2WI), the cross-sectional 
area (CSA) of the dural sac was measured at L2-3, L3-4, L4-5, and L5-S1 levels in 
the axial plane. CSA levels below 100 mm2 were considered stenosis. Elongation, 
expansion, and tortuosity in cauda equina fibers in the superior and/or inferior of 
the stenotic segment were evaluated as RNRs. The patients were divided into two 
groups: Those with RNRs and those without RNRs. The CSA cut-off value 
resulting in RNRs of cauda equina was calculated. Relative length (RL) of RNRs 
was calculated by dividing the length of RNRs at mid-sagittal T2WI by the height 
of the vertebral body superior to the stenosis level. The associations of CSA 
leading to RNRs with RL, disc herniation type, and spondylolisthesis were 
evaluated.

RESULTS 
Fifty-five patients (42%) with spinal stenosis had RNRs of the cauda equina. The 
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average CSA was 40.99 ± 12.76 mm2 in patients with RNRs of the cauda equina 
and 66.83 ± 19.32 mm2 in patients without RNRs. A significant difference was 
found between the two groups for CSA values (P < 0.001). Using a cut-off value of 
55.22 mm2 for RNRs of the cauda equina, sensitivity, specificity, positive 
predictive value (PPV), and negative predictive value (NPV) values of 96.4%, 
96.1%, 89.4%, and 98.7% were obtained, respectively. RL was 3.39 ± 1.31 (range: 
0.93-6.01). When the extension of RNRs into the superior and/or inferior of the 
spinal canal stenosis level was evaluated, it was superior in 54.5%, both superior 
and inferior in 32.8%, and inferior in 12.7%. At stenosis levels leading to RNRs of 
the cauda equina, 29 disc herniations with soft margins and 26 with sharp 
margins were detected. Disc herniation type and spondylolisthesis had no 
significant relationship with RL or CSA of the dural sac with stenotic levels (P > 
0.05). As the CSA of the dural sac decreased, the incidence of RNRs observed at 
the superior of the stenosis level increased (P < 0.001).

CONCLUSION 
RNRs of the cauda equina are frequently observed in patients with spinal stenosis. 
When the CSA of the dural sac is < 55 mm2, lumbar MRIs should be carefully 
examined for this condition.

Key Words: Cauda equina; Dural sac; Lumbar spine; Magnetic resonance imaging; 
Redundant nerve roots; Spinal stenosis
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Core Tip: In this study, magnetic resonance imaging findings of redundant nerve roots 
(RNRs) of the cauda equina were evaluated in patients with lumbar stenosis. The 
stenotic segment cross-sectional area (CSA) cut-off value that could lead to RNRs of 
the cauda equina was detected as 55.22 mm2. In patients with RNRs of the cauda 
equina, the average CSA was significantly lower than in patients who did not have 
RNRs. Disc herniation type and spondylolisthesis were not significantly associated 
with the relative length or CSA of the dural sac. It was found that the incidence of 
RNRs observed at the superior of the stenosis level increased as the CSA decreased.

Citation: Gökçe E, Beyhan M. Magnetic resonance imaging findings of redundant nerve roots of 
the cauda equina. World J Radiol 2021; 13(1): 29-39
URL: https://www.wjgnet.com/1949-8470/full/v13/i1/29.htm
DOI: https://dx.doi.org/10.4329/wjr.v13.i1.29

INTRODUCTION
The term redundant nerve roots (RNRs) of the cauda equina was first used by 
Cresmann and Pawl[1-3]. It is a condition in which nerve roots of the cauda equina have 
accompanying tortuosity and elongation and it develops secondary to spinal stenosis. 
It is not a new or separate disease but often a natural evolutionary part of lumbar 
spinal canal stenosis secondary to degenerative processes[4]. The developmental 
mechanism of this non-congenital elongated nerve root is probably the trapping of the 
nerve root at the level of stenosis. The most common symptoms in RNRs of the cauda 
equina are pain in the lower back and leg[3]. It has been reported that in patients with 
RNRs of the cauda equina, leg pain, paresthesia, and difficulty in walking are more 
pronounced than in patients with lumbar stenosis without RNRs and that they derive 
limited benefit from decompression surgery[4-6]. Radiologically, RNRs of the cauda 
equina were initially defined as serpiginous filling defects due to partial or total 
stenosis that prevents the passage of contrast material on myelography. Along with 
the increasing use of magnetic resonance imaging (MRI) for imaging the spinal canal, 
it is now predominantly considered as an MRI finding[2,4,7-14]. However, this condition 
has been relatively underrecognized in radiological practice[2,4]. The aim of the present 
study was to evaluate the imaging findings of RNRs of the cauda equina detected on 
the lumbar MRI of spinal stenosis patients.
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MATERIALS AND METHODS
The reports of 7424 patients in the picture archive and communication system (PACS) 
(SECTRA IDS7 PACS, Sweden) who underwent lumbar MRI in our hospital for 
various reasons between March 2010 and February 2019 were retrospectively 
examined for the expression “spinal stenosis”. One hundred and sixty-seven patients 
who were found to have the term "spinal stenosis" in lumbar MRI reports in PACS 
were examined for the presence of RNRs. One hundred and thirteen (67.7%) of these 
patients were female and 54 (32.3%) were male. The mean age was 60.7 ± 11.3 years 
(range 28-90). Sixty (35.9%) patients had low back pain, 54 (32.3%) had back and leg 
pain, 21 (12.6%) had leg pain, 13 (7.8%) had both low back and leg pain and 
claudication, nine (5.4%) had low back pain and claudication, eight (4.8%) had 
claudication and two (1.2%) had leg pain and claudication. Until 2017, MRI 
examinations were carried out using an 8-channel 1.5 T MRI machine (GE Signa Excite 
HD; GE Healthcare, Milwaukee, United States). A 16-channel 1.5 T MRI machine (GE 
Signa Explorer SV 25; GE Healthcare, Milwaukee, United States,) was used after 2017. 
A phased array spine coil was used on the lumbar MRI. Sequences and parameters 
obtained on lumbar MRI examinations were, respectively: sagittal plane T2-weighted 
(T2W) fast spin echo (FSE) sequences (TR: 3008 ms, TE: 91.9 ms, NEX: 2, slice 
thickness: 4 mm, gap distance: 1 mm, FOV: 29 cm, matrix: 320 x 224); sagittal plane 
T1W FSE sequences (TR: 602 ms, TE: 8.7 ms, NEX: 1.5, slice thickness: 4 mm, gap 
distance: 1 mm, FOV: 29 cm, matrix: 320 × 224); axial plane T2W (TR: 4647 ms, TE: 91.8 
ms, NEX: 2, slice thickness: 4 mm, gap distance: 1 mm, FOV: 18 cm, matrix: 320 × 192). 
In those patients with spinal stenosis on lumbar MRI, the presence of RNRs was 
evaluated with consensus by two radiologists with 14 (E.G.) and eight (M.B.) years of 
work experience. Thirty-six patients with a history of craniospinal operations or 
spondylodiscitis and whose lumbar MRI examination was not of optimal image 
quality were excluded from the study. The number of patients not included in this 
study and the reasons for exclusion are shown in Table 1.

Radiological evaluation
Elongation, expansion, and tortuosity in the stenotic segment superior and/or inferior 
of the cauda equina fibers on lumbar MRI were evaluated as RNRs of the cauda equina 
(Figure 1A). On T2W axial images in the PACS system, cross-sectional area (CSA) of 
the dural sac was manually drawn and measured at the narrowest section at L2-3, L3-
4, L4-5, and L5-S1 intervertebral disc space levels in each patient (Figure 1B). Patients 
with CSAs under 100 mm2 at any of these spinal levels were considered to have spinal 
stenosis. Patients were divided into two groups: Those with stenosis and RNRs of the 
cauda equina and those with stenosis but without RNRs. In patients with spinal 
stenosis and RNRs at multiple levels, the narrowest CSA of the dural sac level was 
considered to be the level leading to RNRs of the cauda equina. Stenosis levels 
resulting in RNRs of the cauda equina and whether the RNRs were inferior or superior 
to the stenosis level were evaluated (Figures 1-3). On the T2W mid-sagittal MR image, 
relative length (RL) of RNRs was calculated by dividing the distance from the 
maximum stenosis level to the farthest level where redundant roots could be observed 
by the height of the vertebrae body superior to the stenosis level (Figure 3B). The 
association between the localization of RL and RNRs according to the stenotic segment 
and CSA of the dural sac was examined. On sagittal plane MR images of the patients 
with RNRs of the cauda equina, the disc herniation type was classified based on 
Poureisa et al[11] study’s as soft margin when the disc causing stenosis in the 
intervertebral disc space on the midsagittal image was indented into the dural sac with 
a wide angle, while it was classified as sharp margin when it was indented with an 
acute angle (Figure 4). In patients with RNRs of the cauda equina, the presence of 
spondylolisthesis and its association with the CSA of the dural sac were investigated.

Ethical considerations
The study was approved by the Ethics Committee of the Tokat Gaziosmanpasa 
University Medical School (No: 19-KAEK-099).

Statistical analyses
Data for continuous variables are shown as mean and standard deviation, whereas 
data for categorical variables are expressed as frequency and percentage. Independent 
samples t-test or one-way ANOVA test were used to compare the variable means 
between/among the groups. Receiver operating characteristic (ROC) analysis was 
employed to determine the power of CSA of the dural sac of stenotic segments in 
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Table 1 Number of patients and reasons for their exclusion from the study

The reason for exclusion n

Spinal or cranial surgery history 29

Poor image quality 3

Spondylodiscitis 2

Spinal metastasis 1

Stenosis due to synovial cyst 1

Total 36

Figure 1 Seventy-one-year-old female patient with lumbar spondylosis. A: Redundant nerve roots (arrows) secondary to the stenosis at both the 
superior and inferior of the stenosis at the L2-L3 level, which are more prominent at the superior, are shown; B: On the axial T2-weighted image, the cross-sectional 
area of the dural sac was 41.60 mm2 at the stenosis level (L2-L3).

Figure 2 Seventy-one-year-old male patient with lumbar spondylosis. A: On the sagittal T2-weighted image, redundant nerve roots (arrows) secondary 
to the stenosis at L2-L3 level are shown at the inferior of stenosis level; B: On the axial T2-weighted image passing through L2-L3 intervertebral disc space level, 
marked stenosis due to ligamentum flavum and facet joint hypertrophy and disc herniation (cross-sectional area was 41.33 mm2) are shown.

predicting RNRs of the cauda equina. P values < 0.05 were considered significant. 
Analyses were performed using SPSS 22.0 (Chicago, IL, United States).
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Figure 3 Forty-seven-year-old female patient with lumbar spondylosis. A: On the sagittal T2-weighted image, redundant nerve roots at the superior of 
the stenosis level secondary to the stenosis at the L3-L4 intervertebral disc space (arrows) are shown; B: Relative length was calculated by dividing the length of 
redundant nerve roots (thick arrow) by the vertebra height at the superior of stenosis level (thin arrow).

Figure 4 Soft and sharp margin types of disc herniation into the dural sac. A: On the sagittal T2-weighted image, soft margin disc herniation at the 
level of L3-L4 intervertebral disc space and redundant nerve roots at the inferior of the stenosis are shown; B: The axial T2-weighted images of soft margin disc 
herniation are shown; C: On the sagittal T2-weighted image, sharp margin disc herniation at the L3-L4 intervertebral disc space and redundant nerve roots at its 
superior are shown; D: Axial T2-weighted image of sharp disc herniation is shown.

RESULTS
On lumbar MRI examination of the 131 patients (90 females and 41 males) included in 
the study, central spinal canal stenosis was detected at one or more levels. In 76 of 
these patients (58.0%), cauda equina fibers were found with normal appearance, while 
55 (42.0%) were found to have RNRs of the cauda equina. The mean age of patients 
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with RNRs of the cauda equina was 62.38 ± 10.37 years (range: 37-80), while patients 
without RNRs had an average age of 59.26 ± 10.97 years (range: 40-90). There was no 
significant difference in average age between the patients with RNRs of the cauda 
equina and the spinal stenosis patients without RNRs (P = 0.103). CSA ranged from 
14.94 to 77.83 mm2 (mean 40.99 ± 12.76) in patients with RNRs of the cauda equina and 
from 17.57 to 99.22 mm2 (mean 66.83 ± 19.32) in the stenosis group without RNRs. The 
difference in CSA values between the two groups was significant (P < 0.001). CSAs of 
dural sacs according to disc space levels in the stenotic patients without RNRs and 
stenotic patients with RNRs of the cauda equina are shown in Table 2. Using a cut-off 
value of ≤ 55.22 mm2 based on ROC analysis for CSA of the dural sac that could lead to 
RNRs of the cauda equina in stenotic segments, the area under the curve (AUC) was 
0.96, sensitivity was 0.92, and specificity was 0.91, while the positive predictive value 
was 0.88 and the negative predictive value was 0.94 (P < 0.001) (Figure 5).

RL of RNRs varied from 0.93 to 6.01 (mean: 3.39 ± 1.31).   In terms of the extension of 
RNRs to superior and/or inferior spinal canal stenosis levels, 30 patients (54.5%) had 
superior, 18 patients (32.8%) had both superior and inferior, and seven patients (12.7%) 
had inferior extension only. As CSA decreased at the level of stenosis in the spinal 
canal (i.e., as stenosis became apparent), the RNRs were more prevalently observed at 
the superior of the stenosis level (P < 0.001). RL of RNRs increased significantly in 
redundant roots extending to both superior and inferior compared to those extending 
only to superior or inferior (P < 0.001). However, there was no significant relationship 
between CSA values and RL that led to the cauda equina (P = 0.305). Table 3 shows the 
statistical relationship of the localization level (superior, inferior, and both superior 
and inferior) of RNRs with RL and CSA measurements of the dural sac at extension 
levels of RNRs.

There were 29 disc herniations of soft margins and 26 disc herniations of sharp 
margins to the dural sac at the RNRs of the cauda equina levels. Disc herniation types 
were not significantly associated with CSAs or RL of RNRs of the cauda equina. The 
relationships of the disc herniation type at the stenosis levels causing RNRs with the 
CSAs and RL of the RNRs of the cauda equina are shown in Table 4. Spondylolisthesis 
was detected in 12 patients with RNRs of the cauda equina. However, these 
spondylolistheses were not significantly associated with CSA of the dural sac in 
patients with RNRs of the cauda equina (P = 0.280).

DISCUSSION
RNRs of the cauda equina are characterized by the presence of enlarged, elongated, 
and tortuous nerve roots at the subarachnoid distance adjacent to the stenosis area of 
the spinal canal[1-14]. Redundancy of nerve roots is probably a pathological consequence 
of chronic pressure force at the spinal canal stenosis zone level[2,9]. Basic pathological 
findings in patients with RNRs of the cauda equina are demyelination, damage to and 
reduction in the number of nerve fibers, and the proliferation of Schwann cells and 
endoneural fibrosis[2,9,10]. In the study by Savarese et al[4], the CSA cut-off value that led 
to RNRs of the cauda equina was found to be 55 mm2. In our study, the cut-off value 
for the CSA of the dural sac leading to RNRs of the cauda equina (55.22 mm2) was very 
close to the reported value in that study. RNRs could also be observed as inferior or 
superior to the stenosis level but were usually superior to the spinal canal stenosis 
level. Kawasaki et al[12] found that RNRs were superior to the stenosis level in all cases. 
Poureisa et al[11], on the other hand, reported that in 84% of cases RNRs were superior 
to the stenosis level, while in 16% they were inferior to the stenosis. In the present 
study, 54.5% of RNRs were superior to the stenosis level, while in 12.7% of cases RNRs 
were inferior to the stenosis level and 32.8% of the cases had both configurations. The 
different results in previous studies in terms of the localizations of the RNRs could be 
due to the differences in study populations. Similar to the study by Poureisa et al[11], we 
observed a significant relationship between the stenosis level in the spinal canal and 
the frequency of RNRs superior to the level of stenosis. In addition, similar to Poureisa 
et al[11], the degree of stenosis in the spinal canal was not associated with the RL of 
RNRs. The data in the literature and the findings of our study indicate that the 
frequency of RNRs superior to the stenosis was associated with the degree of stenosis. 
This suggested that RNRs develop more easily with the fixation of nerve roots 
between the narrow segment and conus medullaris due to limitation of the nerve roots 
by conus medullaris in the superior direction.

Poureisa et al[11] investigated the relationship between the RNRs of the cauda equina 
and the disc herniation with soft or sharp configuration into the dural sac and found 
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Table 2 Cross-sectional areas of the dural sac at lumbar intervertebral disc levels in patients with spinal stenosis without redundant 
nerve roots and with redundant nerve roots of the cauda equina on lumbar magnetic resonance imaging

Intervertebral discal 
space levels

Cross-sectional area without redundant nerve roots of 
the cauda equina, mean ± SD dev (range) mm2

Cross-sectional area with redundant nerve roots of 
the cauda equina, mean ± SD dev (range) mm2

L2-L3 130.85 ± 38.56 (48.68-240.56) 93.84 ± 34.63 (39.40-194.50)

L3-L4 100.90 ± 31.50 (38.86-176.00) 68.87 ± 31.23 (25.42-164.59)

L4-L5 78.92 ± 22.69 (21.03-126.02) 61.05 ± 35.76 (14.94-163.92)

L5-S1 102.56 ± 43.27 (17.57-251.53) 97.11 ± 41.90 (15.05-211.13)

SD: Standard deviation.

Table 3 Association of localization level of redundant nerve roots with relative length of redundant nerve roots and cross-sectional area

Localization level of redundant nerve roots

Inferior (n = 7), mean ± 
SD

Superior (n = 30), mean ± 
SD

Inferior + Superior (n = 18), mean ± 
SD

P value

Relative length of redundant nerve 
roots

2.07 ± 0.67 (a)1 2.95 ± 1.09 (a) 4.66 ± 0.73 (b) < 0.001

Cross sectional area (mm2) 49.27 ± 8.06 (a) 35.61 ± 9.78 (b) 46.77 ± 14.73 (a) 0.001

1One-way ANOVA test was used for statistical comparisons. The means with the same letters (a or b) in the same line are not significantly different. SD: 
Standard deviation.

Table 4 The relationships between the disc herniation type at the stenosis levels causing redundant nerve roots, the relative length of 
redundant nerve roots, and the cross-sectional area of the dural sac of redundant nerve roots of the cauda equina

Type of disc herniation

Soft margin (n = 29), mean ± SD Sharp margin (n = 26), mean ± SD
P value

Relative length of RNRs 3.3 ± 1.42 3.5 ± 1.2 0.562

CSA of RNRs of the cauda equina (mm2) 39.62 ± 12.02 42.54 ± 13.62 0.401

RNRs: Redundant nerve roots; CSA: Cross-sectional area of dural sac; SD: Standard deviation.

that 85.3% of the cases with RNRs of the cauda equina had sharp margin type disc 
herniation, and this association was significant. However, only 47.3% of patients with 
RNRs of the cauda equina in the present study had sharp margin type herniation and 
the type of disc herniation was not significantly associated with CSAs and RL of RNRs 
of the cauda equina. Due to these contradictory results, it would be beneficial to carry 
out further studies with broader series.

In recent years, MRI findings of RNRs of the cauda equina have been identified and 
the frequency of RNRs of the cauda equina in patients with lumbar canal stenosis was 
reported to be in the range of 33.8%-69.3%, while a frequency of 8.2% was reported in 
elderly Japanese cadavers[2,4,5,10,11,13]. In our study, the frequency of RNRs of the cauda 
equina was 42.0% in 131 patients with lumbar spinal stenosis, and this rate was within 
the limits specified in the literature.

In an anatomical study carried out by Suzuki et al[10], RNRs were observed in fibers 
passing through the spinal canal stenosis area but no redundancy was found in roots 
not passing through that area. Demyelination and axonal loss are thought to be the 
results of constant mechanical compression of nerve roots trapped in the spinal 
stenosis area[10]. Suzuki et al[10] examined the topographic distribution of levels where 
RNRs of the cauda equina were observed and found that 33.3% were at S1 level, 33.3% 
at S2 level, 16% at L5, and 17.3% were inferior to S2 roots. Min et al[6], on the other 
hand, reported that RNRs of the cauda equina were most commonly observed at L4-L5 
(78.2%) followed by L3-L4 levels (17.4%). In contrast, Poureisa et al[11] reported L3-L4 
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Figure 5  Receiver operating characteristic curve with a cut-off value of 55.22 mm2 or less for the cross-sectional area of the dural sac.

level as the most common localization for RNRs of the cauda equina (38.7%) followed 
by L2-L3 level (30.7%). Similar to Min et al[6], RNRs of the cauda equina were most 
common at the L4-L5 level with 45.4% and at the L3-L4 level with 32.7% in the present 
study. Different frequencies of RNRs of the cauda equina at different levels of 
intervertebral disc spaces in the literature could reflect the ethnic structural differences 
in the study populations.

In a study based on the RL of RNRs measurements on the midsagittal image on 
sagittal lumbar MR images, a statistically significant relationship was reported 
between the length of the affected nerve roots and clinical findings[6]. RL of RNRs was 
also calculated in the present study, but its relationship with clinical findings could not 
be evaluated as our study was based solely on radiological findings.

There is also a study in the literature that assessed the relationship between 
spondylolisthesis and RNRs of the cauda equina[4]. In that study, Savarese et al[4] found 
that spondylolisthesis increases the risk of cauda equina and is an independent risk 
factor for RNRs of the cauda equina. Nevertheless, no significant relationship was 
determined between spondylolisthesis and RNRs of the cauda equina in the present 
study. Therefore, it might be useful to perform large series studies that explore the 
relationship between spondylolisthesis and RNRs.

Suzuki et al[10] found that patients with RNRs of the cauda equina are more likely to 
be older, have longer symptom duration, and have more intense neurological findings 
and symptoms compared to patients with spinal canal stenosis without RNRs. 
Similarly, Min et al[6] and Poureisa et al[11] reported that patients with RNRs of the 
cauda equina were significantly older. Min et al[6] found no difference between the 
patients with and without RNRs of the cauda equina in terms of the duration of 
symptoms. However, they noted that better postoperative results were achieved in the 
patient group without RNRs[6]. Similarly, the average age of patients with RNRs of the 
cauda equina was higher than the patients without RNRs, but the difference was not 
significant.

In patients with RNRs of the cauda equina, serpentine-shaped lesions and/or loop-
shaped lesions that cause filling defects are observed on conventional myelography. In 
their studies, Ono et al[5] found that in 97.6% of loop-shaped lesions detected on 
conventional myelography, positive findings were found on MRI examination, while 
only 23.5% of the serpentine-shaped lesions turned out to have positive findings on 
MRI. Serpiginous filling defects on myelography have been defined in dural or 
intradural arteriovenous malformations (AVM), and they constitute one of the 
important differential diagnoses[2,14]. Although less frequently, plexiform neurofibroma 
or neurinoma can also lead to thickening and redundancy in nerve roots. Diseases 
such as arachnoiditis, chronic inflammatory demyelinating polyneuropathy, and some 
hereditary neuropathies can lead to hypertrophic neuropathy, but no relationship was 
reported between such entities and the serpiginous nerve roots of the cauda equina[2].

RNRs of the cauda equina should be considered first in the presence of enlarged, 
elongated, and tortuous or serpiginous nerve roots, which do not contain prominent 
pathological signals on MRI in the area adjacent to lumbar spinal canal stenosis in 
patients with spondyloarthrosis[2-6]. However, it is essential to distinguish between 
AVM and arteriovenous fistula (AVF) on MRI. In AVM or AVF, intradural serpiginous 
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veins and coronal venous plexus ectasia are generally observed on MRI. AVMs may 
appear with signs of subarachnoid hemorrhage or medullary ischemia on 
imaging[2,8,14]. On MRI of dural AVFs, abnormal signals are usually observed in the 
spinal cord on the T2W series. Another important MRI finding in most patients with 
AVF is excessive contrast-enhancement of coronal venous plexus on contrast-
enhanced series[2,14].

RNRs of the cauda equina are typically associated with spinal canal stenosis, and 
clinically neurological claudication is observed in the patient[2]. However, the literature 
has controversial findings on the association of RNRs of the cauda equina with the 
clinic and its treatment[5,9,10,12]. Some authors noted that since the damage to affected 
nerve roots is irreversible, neurological healing cannot be achieved and decompressive 
surgery will not contribute to recovery[2,9,10]. It was reported that the decline of stenosis 
symptoms after surgical decompression was rare in patients with typical RNRs of the 
cauda equina and that complaints of dysesthesia and paresthesia often persisted[2,13]. 
However, a recent study reported that intermittent claudication disappeared in all 
patients after decompression surgery[12]. Ono et al[5] mentioned that the severity of the 
disease was greater in patients for whom RNRs of the cauda equine were diagnosed 
with MRI compared to those for whom the diagnosis was made clinically only and 
that this difference negatively affected surgical outcomes. Kawasaki et al[12], on the 
other hand, reported that in 84% of patients undergoing surgical decompression, MRI 
findings of RNRs of the cauda equina disappeared two weeks later.

The present study has some limitations. The first is that the radiological and clinical 
findings of the patients cannot be correlated due to the retrospective and radiological 
basis of the study. As the examination of the patient during MRI is performed in a 
neutral position, it was reported that spinal stenosis patients could get over the disease 
in cases of mild intensity[2,5]. The second limitation was that lumbar MRI examinations 
performed in the supine (neutral) position rather than standing or axial loading might 
have led to lower stenosis measurements than the actual degree of stenosis. A third 
limitation was that since the narrowest level of CSA of the dural sac level was 
considered the level that caused RNRs of the cauda equina in patients with multiple 
levels of spinal stenosis, the effects of the narrow segments at other levels had to be 
ignored.

CONCLUSION
In conclusion, the present study showed that RNRs of the cauda equina are not 
uncommon in patients with lumbar spinal canal stenosis. RNRs of the cauda equina 
are frequently observed in the superior of the stenosis level but can also be observed in 
both inferior and superior, and less frequently in inferior localizations only. Patients 
who undergo lumbar MRI and are found to have dural sac CSA of 55 mm2 or lower 
should be carefully evaluated for RNRs of the cauda equina, and when present, the 
findings of the RNRs of the cauda equina should definitely be reported.

ARTICLE HIGHLIGHTS
Research background
Redundant nerve roots (RNRs) of the cauda equina are often defined as the 
development of elongated, enlarged, and tortuous nerve roots at the superior and/or 
inferior of the lumbar canal stenosis and as secondary to it due to degenerative 
processes. Clinically, they can lead to lower back and leg pain, paresthesia, and 
neurogenic claudication in patients.

Research motivation
The radiological diagnosis of RNRs of the cauda equina was previously made with 
conventional myelography, while magnetic resonance imaging (MRI) findings have 
been more commonly defined in recent years. Nevertheless, this condition has been 
relatively under-recognized in radiological practice. Therefore, there is a need to keep 
this issue on the agenda by discussing it in light of the literature.

Research objectives
In this study, lumbar MRI findings of RNRs of the cauda equina were evaluated in 
spinal stenosis patients. Cross-sectional area (CSA) of the dural sac at the stenosis level 
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that could lead to RNRs of the cauda equina and how the cauda equina nerve roots are 
affected by this stenosis (redundant segment length and extensions, etc.) were 
investigated.

Research methods
On lumbar MRI of patients with stenosis, dural sac CSA levels of less than 100 mm2 at 
the intervertebral disc space were considered stenosis, and levels leading to lumbar 
stenosis were determined. Statistical differences between the CSA levels that led to 
RNRs of the cauda equina and those that did not lead to RNRs were investigated. 
Relative length (RL) was calculated by dividing the length of RNRs on sagittal T2-
weighted images by the vertebrae corpus height adjacent to the stenotic segment 
superior. The relationships of herniation type into the dural sac (soft or sharp margins) 
and spondylolisthesis with CSA and RL were investigated.

Research results
RNRs of the cauda equina were observed in 42% of patients with spinal stenosis. Mean 
CSA was 40.99 ± 12.76 mm2 in patients with RNRs of the cauda equina and 66.83 ± 
19.32 mm2 in patients without RNRs (P < 0.001). Using a cut-off value of 55.22 mm2 for 
CSA leading to RNRs of the cauda equina, the sensitivity was 96.4%, specificity 96.1%, 
positive predictive value (PPV) 89.4%, and negative predictive value (NPV) 98.7%. RL 
varied from 0.93 to 6.01 (mean: 3.39 ± 1.31). Of all RNRs, 54.5% were at the superior of 
stenosis level, 32.8% at both superior and inferior of stenosis level, and 7% at inferior 
of stenosis. Soft margin disc type was observed in 29 and sharp margin type was 
found in 26 of the disc herniations at the stenosis levels that led to RNRs of the cauda 
equina. Disc herniation type and spondylolisthesis were not significantly associated 
with RL or CSA of the dural sac with stenotic levels (P > 0.05). As the CSA of the dural 
sac decreased, the frequency of RNRs at the superior of the stenosis level increased (P 
< 0.001).

Research conclusions
RNRs of the cauda equina are not uncommon in patients with lumbar spinal canal 
stenosis. Although RNRs of the cauda equina are frequently observed at the superior 
of stenosis level, a considerable percentage of them can also be found at both superior 
and inferior, and at a lower rate at the inferior localization. The possibility of RNRs of 
the cauda equina is high in patients with dural sac CSA of 55 mm2 or less.

Research perspectives
Although clinical and treatment outcomes are controversial, lumbar stenosis patients 
with marked reductions in CSA of the dural sac on MRI should be carefully evaluated 
for RNRs of the cauda equina. In these patients, tortuosity, elongation, and extension 
findings indicating redundancy in nerve roots should be reported as this could 
contribute to efficient treatment of the patients.
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Abstract
BACKGROUND 
In growing patients with skeletal discrepancies, early assessment of functional 
factors can be vital for the restoration of normal craniofacial growth.

AIM 
To compare airway volumes in patients with mandibular retrognathism with the 
normal anteroposterior skeletal relationship, thereby assessing the association 
between cephalometric variables and airway morphology.

METHODS 
Cone-beam computed tomography volume scans, and lateral cephalograms, 3-
dimensional airway volume and cross-sectional areas of 120 healthy children (54 
boys and 66 girls mean age 15.19 ± 1.28) which were done for orthodontic 
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assessment were evaluated. The subjects were divided into 2 groups based on the 
angle formed between point A, Nasion and point B (ANB) values and 
cephalometric variables (such as anterior and posterior facial height, gonial angle 
etc.) airway volumes, and cross-sectional measurements were compared using 
independent t tests. Pearson’s correlation coefficient test was used to detect any 
relationship of different parts of the airway and between airway volume and 2-
dimensional cephalometric variables.

RESULTS 
Means and standard deviations for cephalometric, cross-sectional, and volumetric 
variables were compared. ANB, mandibular body length and facial convexity 
were statistically highly significant (P < 0.01) whereas condylion to point A, nasal 
airway and total airway volume (P < 0.05) were statistically significant. The nasal 
airway volume and the superior pharyngeal airway volume had a positive 
correlation (P < 0.01), nasal airway was correlated to middle (P < 0.05) and total 
airway superior had a relation with middle (P < 0.05), inferior and total airway (P 
< 0.05), middle was related to all other airways; inferior was also related to all the 
airways except nasal. Lateral cephalometric values were positively correlated with 
the airway volume with Frankfurt Mandibular Plane Angle and facial convexity 
showed significant correlations with total airway volume (P < 0.05). Additionally, 
ANB angle was significantly correlated with total airway volume and superior 
airway (P < 0.05).

CONCLUSION 
The mean total airway volume in patients with retrognathic mandible was 
significantly smaller than that of patients with a normal mandible.

Key Words: Pharyngeal airway; Cone beam computed tomography; Skeletal pattern; 
Malocclusion; Retrognathic; Airway volume

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: With the advent of cone beam computed tomography, analysis of airway has 
become possible. Patients who present with retrognathic jaw or anterior-posterior 
skeletal discrepancy have been contemplated to have reduced pharyngeal airway. 
When comparing the airway volumes of 120 healthy individuals with mandibular 
retrognathism and normal anteroposterior skeletal relationship, the mean total airway 
volume of patients with the angle formed between point A, Nasion and point B (ANB) 
more than 4 was significantly smaller than that of patients with ANB less than 4. The 
sub-volumes in the pharyngeal airway showed a positive correlation with each other. 
Frankfurt Mandibular Plane Angle and facial convexity and mandibular body length 
also had a significant interrelationship with total volume of airway.
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INTRODUCTION
Respiratory function plays a substantial role in orthodontic diagnosis and treatment 
planning. An association between the respiratory mode and facial morphology has 
been observed in various studies utilizing cephalograms[1]. Furthermore, a link 
between Class II Division 1 malocclusion and upper pharyngeal airway obstruction as 
well as mouth breathing, was demonstrated by Angle[2] in 1907. Various authors have 
presented characteristics related to obstructed breathing[1]. Primary clinical features of 
respiratory obstruction syndrome have been identified by Ricketts[3] as tonsil and 
adenoid enlargement, narrow nostrils, open bite, cross bite, and tongue thrusting.
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The role of the upper anatomy in the craniofacial complex development is usually 
considered substantial[4]. Impaired breathing can be a result of narrow pharyngeal 
airway, which can further lead to diminished levels of growth hormone in growing 
children or obstructive sleep apnea in mature individuals. Diminished airway 
associated with obstructive sleep apnea tends to be typical in patients with Angle class 
II malocclusion, displaying retrognathic mandible and sagittal discrepancy[5,6].

Early diagnosis and evaluation of the functional factors in growing children with 
skeletal discrepancy and features of adenoid hypertrophy (adenoid faces) might be 
pivotal to restore proper craniofacial growth and treatment outcome stability. 
Pharyngeal airway measurements have usually been conducted by landmark 
identification followed by measurements of different lengths and areas in the 
pharyngeal region[7-9].

Although there is an avalanche of studies regarding airway morphology and its 
effects on craniofacial growth, most studies have used 2-dimensional (2D) techniques, 
frontal or lateral cephalograms, with inadequate assessment of length and areas. A 
technique for 3-dimensional (3D) visualization, utilized frequently is computed 
tomography[10]. However, a huge impediment to its use is the large radiation dose[11]. 
The radiation dose can be minimized to one-fifth, while not compromising on quality, 
with modern cone beam computed tomography (CBCT), due to which it is becoming 
increasingly popular[12].

Volumetric measurements of the pharyngeal airway space (PAS) and, narrowing or 
obstruction can be localized utilizing CBCT[13]. As narrowing or obstruction of the 
pharyngeal airway can be present in patients with altered maxillo-mandibular 
relationship and can be associated with sleep, as well as Obstructive Sleep Apnoea 
Syndrome, this analysis can be beneficial in the orthodontic diagnosis and planning 
orthognathic surgery[14]. Therefore, the aim of the present study was to compare the 
pharyngeal airway volumes in children with varying anteroposterior maxillo-
mandibular relationships (ANB angles that is the angle formed between point A, 
Nasion and Point B) and study the possible correlations between different 
cephalometric variables and the airway morphology in these children.

MATERIALS AND METHODS
Following the ethical clearance from the institutional review board, records of 150 
children who visited the outpatient Department of Orthodontics were examined. Of 
this, CBCT scans of 120 healthy North Indian children (54 boys and 66 girls mean age 
15.19 ± 1.28) were selected, after the following exclusion criteria was applied: History 
of any upper respiratory infection, pharyngeal pathology (like adenoid hypertrophy 
and tonsillitis) or a history of adenoid or tonsil removal (Table 1).

CBCT volume scans of all subjects were obtained by using the I-Cat CBCT unit 
(Imaging Sciences Hatfield, PA, United States), and the imaging protocol used a 17 cm 
× 21 cm field of view to include the entire craniofacial anatomy. The images were 
standardized with the subject seated in a chair, machine settings of 120 kV-5 mA-0.25 
mm voxel, and scan time of 20 s. Patients, following the standard protocol of acquiring 
the scans in a natural head position, and their jaws in maximum intercuspation with 
the lips and tongue in resting position were used. For volume evaluation/measure-
ment and cephalometric analysis, the axial images were transferred to InVivo Dental 
software (Anatomage, San Jose, CA, United States) The 3D images were reoriented 
using the Frankfort horizontal (FH) plane as the reference plane for uniformity and to 
reduce errors. A line joining the right and left portions, located in the most latero-
superior point of the external auditory meatus, to the right orbitale was constructed as 
the FH plane (Figure 1).

2D cephalometric images were derived from the CBCT scans by using SUPER CEPH 
feature of the software In Vivo Dental, and the images were imported into Nemoceph® 
(Dental Studio NX 2006 version 6.0) (Figure 2). Landmark identifications and physical 
measurements were performed by the same investigator. Using the software Downs, 
Steiner, Jarabak, Mc Namara and Tweed Merrifield analysis were done in order to 
classify patients (Tables 1 and 2).

Cross-sectional views of the pharyngeal airway in the 5 planes: a, represents the 
length (axial slice) or height (frontal slice) of the airway defined by the greatest 
distance in the anteroposterior or vertical direction of the airway cross-section; b is the 
width of the airway defined by the greatest distance in the right and left directions of 
the airway cross-section and 5 volumes A, right lateral view and B, frontal view of 
volume rendered images. a, Anterior nasal plane; b, posterior nasal plane; c, upper 
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Table 1 Sample characteristics

Group IANB < 4 Group II ANB > 4 Total

Male Female Male Female

Subjects (n) 26 30 28 36 120

Age (yr) 13-17 13-17 13-17 13-17 15.19 ± 1.28

ANB: The angle formed between point A, Nasion and point B.

Table 2 Two-dimensional cephalometric variables, cross-sectional planes and volumes of the 3-dimensional pharyngeal airway

Two-dimensional cephalometric variables

(1) Gonial angle: Angle formed between line drawn tangent to the lower border of the mandible and another line tangent to the distal border of the 
ascending ramus and the condyle on both sides; (2) Anterior facial height (AFH): Distance between the Nasion and Menton (Me); (3) Posterior facial height 
(PFH): Distance between Sella (S) to Gonion(Go); (4) PFH/AFH: Ratio of AFH and the PFH; (5) FMA: Frankfurt Mandibular Plane Angle formed by the 
intersection of the Frankfort horizontal plane and the mandibular plane; (6) ANB: The angle formed between point A, Nasion and Point B; (7) Facial 
convexity: Formed by the intersection of line from Nasion to point A, to point A to pogonion(Po); (8) Condylion to point A (Co-PtA); (9) Condylion to 
gnathion (Co-Gn);  and (10) Mandibular body length (Mand-BL): Distance from gonion to pogonion

Cross-sectional planes and volumes of the 3D pharyngeal airway

Anterior nasal plane (Ana plane) Plane passing through anterior nasal spine (ANS) and perpendicular to FH

Posterior nasal plane (Pna plane) Plane passing through posterior nasal spine (PNS)and perpendicular to FH

Upper pharyngeal plane (Uph plane) Plane passing through PNS parallel to FH

Middle pharyngeal plane (Mph plane) Plane passing through lower margin of the soft palate and parallel to FH

Lower pharyngeal plane (Lph plane) Plane passing through superior margin of the epiglottis and parallel to FH

Volume

Nasal airway Airway formed by the planes between Ana and Pna

Superior pharyngeal airway Airway formed by the planes between Pna and Uph

Middle pharyngeal airway Airway formed by the planes between Uph and Mph

Inferior pharyngeal airway Airway formed by the planes between Mph and Lph planes

Total airway Airway extending between Ana plane to Lph plane

FH: Frankfurt horizontal; 3D: Three-dimensional.

pharyngeal plane; d, middle pharyngeal plane; and e, lower pharyngeal plane (Table 3 
and Figures 3 and 4). Cross-sectional planes of the nasal cavity were perpendicular to 
the FH plane, whereas the pharyngeal cross-sections are parallel to the FH plane. 
Although these cross-sections are not directly perpendicular to the long axis of the 
airway, the FH plane was used as a reference plane to standardize the plane 
orientation and minimize error in identifying the studied cross-sectional planes. Cross-
sectional measurements, that is width and length, were computed in frontal and axial 
views to provide linear accuracy.

Volumetric renderings of the subjects’ CBCT scans were acquired with the In Vivo 
Dental software, and we proceeded with volumetric analysis of the defined airways. 
3D image inversion to convert negative image to a positive value was done, which is 
required as the airway is a void space. This process removes the hard and soft tissues 
of the image around the airway and embodies the airway spaces of the craniofacial 
region including the paranasal sinuses and other empty spaces. Furthermore, to isolate 
the required airway section and remove structures that were not necessary, sculpting 
was performed which was an inherent feature of the software. Threshold values were 
thereafter altered to remove the artifacts and enhance the selected region of airway. 
Lastly, designated airway volume was computed in cubic millimeters.

Statistical analysis
Descriptive statistics including the mean and standard deviation for each group were 
calculated by using SPSS for Windows software (version 20). Differences between 
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Table 3 Correlations of sections of the airway with each other

Nasal airway Superior airway Middle airway Inferior airway Totalairway

Nasal airway

Pearson correlation 1 0.085 0.471a 0.386 0.879b

Sig.(2-tailed) 0.722 0.036 0.093 0

n 120 120 120 120 120

Superior airway

Pearson correlation 0.85 1 0.494a 0.651b 0.4623a

Sig.(2-tailed) 0.722 - 0.027 0.002 0.04

n 120 120 120 120 120

Middle airway

Pearson correlation 0.471a 0.494a 1 0.763b 0.779b

Sig.(2-tailed) 0.036 0.027 - 0 0

n 120 120 120 120 120

Inferior airway

Pearson correlation 0.386 0.651b 0.763b 1 0.744b

Sig.(2-tailed) 0.093 0.002 0 - 0

n 120 120 120 120 120

Totalairway

Pearson correlation 0.879b 0.4623a 0.779b 0.744b 1

Sig.(2-tailed) 0 0.04 0 0 -

n 120 120 120 120 120

aCorrelation is significant at 0.05 level.
bCorrelation is significant at 0.01 level.

groups were tested by using independent t tests. Pearson’s correlation coefficient test 
was used to detect any relationship of different parts of the airway and between 
airway volume and 2D cephalometric variables.

RESULTS
Means and standard deviations for cephalometric, cross-sectional, and volumetric 
variables were compared. Table 4 gives the comparison results of groups I and II. 
ANB, mandibular body length, facial convexity were statistically highly significant (P 
< 0.01) whereas condylion to point A, nasal airway and total airway volume (P < 0.05) 
were statistically significant. Cross-sectional and volumetric measurements at different 
levels when compared were statistically insignificant. However, total airway volume 
was significantly greater in group I (P < 0.05).

Table 3 show the correlations among the studied variables. The nasal airway 
volume and the superior pharyngeal airway volume had a positive correlation (P < 
0.01), nasal airway was correlated to middle (P < 0.05) and total airway superior had a 
relation with middle (P < 0.05), inferior and total airway (P < 0.05), middle was related 
to all other airways, inferior was also related to all the airways except nasal (Table 5). 
Lateral cephalometric values were positively correlated with the airway volume with 
Frankfurt Mandibular Plane Angle (FMA) and facial convexity showed significant 
correlations with total airway volume (P < 0.05). Additionally, ANB angle was 
significantly correlated with total airway volume and superior airway (P < 0.05).



Kochhar AS et al. Airway in different skeletal patterns

WJR https://www.wjgnet.com 45 February 28, 2021 Volume 13 Issue 2

Table 4 Descriptive statistics of groups I and II

Group I ANB < 4 Group II ANB > 4
Group

mean SD mean SD
P value

Ana height 29.63 4.69 30.06 6.73 0.871

Ana width 13.81 1.98 15.24 3.61 0.273

Ana C. area 194.41 13.93 218.14 52.41 0.22

Pna height 29.95 7.85 28.73 8.70 0.744

Pna width 23.88 3.06 24.14 4.84 0.884

Pna C. area 257.85 74.25 284.32 78.01 0.448

Uph length 19.28 6.61 17.54 4.19 0.503

Uph width 26.01 4.81 24.14 7.87 0.522

Uph C. area 293.37 71.56 314.97 99.76 0.58

Mph length 11.67 3.47 11.54 3.60 0.935

Mph width 22.66 5.87 20.16 8.26 0.439

Mph C. area 226.32 85.90 213.25 102.48 0.76

Lph length 14.77 7.93 11.88 3.07 0.286

Lph width 24.44 5.19 28.90 6.76 0.111

Lph C. area 231.31 83.23 199.84 78.36 0.399

Gonial angle 126.37 7.79 125.24 7.55 0.748

AFH 108.38 6.08 112.12 4.86 0.152

PFH 73.06 5.42 71.81 7.58 0.672

PFH/AFH, % 67.47 4.49 64.02 5.83 0.152

FMA 25.06 3.61 27.48 6.02 0.281

ANB 2.85 1.56 6.14 1.02 < 0.001b

MAND-BL 66.94 3.74 61.61 4.27 0.008b

Facial convexity 5.17 3.57 10.76 4.56 0.007b

Co-pt A 82.10 6.09 82.68 3.44 0.802

Co-pt GN 109.83 5.54 103.72 6.42 0.035a

Nasal airway 36407.36 2526.59 30446.00 7060.88 0.037a

Superior airway 5563.27 1350.80 4559.67 1263.62 0.106

Middle airway 5322.45 2124.81 4213.89 1291.90 0.188

Inferior airway 5487.82 2018.25 5077.67 1521.36 0.621

Total airway 52780.91 6435.84 44297.22 8662.49 0.022a

aCorrelation is significant at 0.05 level.
bCorrelation is significant at 0.01 level.
ANB: The angle formed between point A, Nasion and point B; Ana: Anterior nasal; Pna: Posterior nasal; Uph: Upper pharyngeal; Mph: Middle pharyngeal; 
Lph: Lower pharyngeal; AFH: Anterior facial height; PFH: Posterior facial height; FMA: Frankfurt Mandibular Plane Angle; Mand-BL: Mandibular body 
length; Co-PtA: Condylion to point; GN: Gnathion; SD: Standard deviation.

DISCUSSION
In the last few decades’ airway assessment has been done using nasal resistance and 
airflow tests, nasoendoscopy and lateral cephalograms[15]. In the current study, CBCT 
produced anatomically precise images, sans magnification or distortion were 
reconstructed 3 dimensionally to completely understand the pharyngeal airway 
anatomy of growing children in all dimensions (sagittal, transverse and frontal)[11,14]. 
Generally, a requisite for 3D imaging such as conventional CT or magnetic resonance 
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Table 5 Correlations between the 2-dimensional cephalometric variables and the 3-dimensional volumetric measurements of the airway

Nasal airway Superior airway Middle airway Inferior airway Total airway

Gonial angle

Pearson correlation -0.021 0.135 0.098 -0.019 0.024

Sig.(2-tailed) 0.928 0.571 0.681 0.937 0.918

n 120 120 120 120 120

AFH

Pearson correlation 0.055 0.201 0.057 0.342 0.154

Sig.(2-tailed) 0.818 0.395 0.811 0.14 0.517

n 120 120 120 120 120

PFH

Pearson correlation 0.159 0.172 0.124 0.319 0.23

Sig.(2-tailed) 0.503 0.47 0.602 0.171 0.329

n 120 120 120 120 120

PFH/AFH, %

Pearson correlation 0.133 0.057 0.086 0.113 0.142

Sig.(2-tailed) 0.576 0.813 0.717 0.636 0.55

n 120 120 120 120 120

FMA

Pearson correlation -0.372 -0.314 -0.377 -0.411 -0.473a

Sig.(2-tailed) 0.106 0.178 0.102 0.072 0.035

n 120 120 120 120 120

ANB

Pearson correlation -0.364 -0.408 -0.197 -0.152 -0.389

Sig.(2-tailed) 0.115 0.034a 0.405 0.522 0.22a

n 120 120 120 120 120

Mand-BL

Pearson correlation 0.136 0.523a 0.038 0.184 0.225

Sig.(2-tailed) 0.567 0.018 0.874 0.436 0.341

n 120 120 120 120 120

Facial convexity

Pearson correlation -0.362 -0.306 -0.221 -0.22 -0.391

Sig.(2-tailed) 0.116 0.189 0.349 0.351 0.088

n 120 120 120 120 120

Co-pt A

Pearson correlation 0.127 0.324 0.289 0.469a 0.3

Sig.(2-tailed) 0.594 0.163 0.217 0.037 0.199

n 120 120 120 120 120

Co-pt GN

Pearson correlation 0.301 0.296 0.012 0.225 0.303

Sig.(2-tailed) 0.197 0.204 0.959 0.34 0.194

n 120 120 120 120 120
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aCorrelation is significant at 0.05 level. AFH: Anterior facial height.
PFH: Posterior facial height; FMA: Frankfurt Mandibular Plane Angle; Co-PtA: Condylion to point; GN: Gnathion; ANB: The angle formed between point 
A, Nasion and point B; Mand-BL: Mandibular body length.

Figure 1 Standardisation of the images.

Figure 2 Cone beam computed tomography derived cephalogram and analysis.

imaging is for the patients to be supine. However, due to the effect of gravity on the 
soft tissues enveloping the oropharyngeal cavity, there are substantial anatomical 
changes in the airway[16].

Hsu et al[17] further found that the minimum of PAS and linear distance along 
perpendicular changes from the most upper anterior point of the hyoid bone to 
mandibular plane, as the position of body is changed from upright to supine[17]. 
Nevertheless, in recent times, advancements in CBCT have permitted axial CT images 
to be acquired in upright sitting posture, which is more valid for our study.

Owing to this study’s retrospective design, direct examination of the 
nasopharyngeal functions of the patients was not possible and previous clinical charts 
and diagnoses for orthodontic treatment were used to select subjects. Nonetheless, a 
study by Laine-Alava et al[18] stated that there is no effect of a history or symptoms of 
upper respiratory disease on variables related to naso-respiratory function when the 
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Figure 3 Airway isolated with the software and various referencing plane. ANA: Anterior nasal; PNA: Posterior nasal; UPH: Upper pharyngeal; MPH: 
Middle pharyngeal; LPH: Lower pharyngeal.

measurements are made during an asymptomatic period, which justifies the 
retrospective format of our study[18].

2D lateral cephalometric images were created from the CBCT scans to allocate the 
subjects to the 2 groups, and to assess correlations among the cephalometric 
parameters and the pharyngeal airway volumes. Linear accuracy of the CBCT-derived 
lateral cephalometric images has been studied in the past[19,20]. The classification of the 
subjects based on their anteroposterior skeletal relationships, was done utilizing north 
Indian standards for the ANB angle[21].Additionally, previously it has been 
demonstrated that the prepubertal ANB angle and the angle of convexity measured 
have high prediction accuracy for postpubertal anteroposterior jaw relationships[19,22]. 
In the current study, the anteroposterior analyses displayed statistically significant 
differences further confirming that the ANB angle, which was used to classify our 
subjects, was a reliable parameter[22].

Previous studies have presented excellent intra-rater reliability values of InVivo 5 
software, hence in the present study the InVivo 5 software was used to analyse the 
pharyngeal volume[14,23]. In the current study, no sexual dimorphism in any cross-
sectional and volumetric measurements was observed between the two sexes. These 
findings were in agreement with the study by Ceylan et al[24] and de Freitas et al[25]. 
Similarly, in a study by Xu et al[26] in 2019, no significant difference was observed in 
patient sexas well as age.

In groups I and II ANB, mandibular body length and facial convexity were 
statistically highly significant (P < 0.01) whereas condylion to point A, nasal airway 
and total airway volume (P < 0.05) were statistically significant. Although group I 
demonstrated greater cross-sectional areas and volumetric measurements of the sub-
regions of the pharyngeal airway, this was statistically insignificant signifying lack of 
correlation between segmental airway capacities and mandibular deficiencies. This 
was in accordance with Di Carlo et al[27] who did not find a direct correlation between 
individual skeletal patterns, and overall upper airway anatomy. Moreover, former 2D 
studies also asserted a lack of relationship between airway dimensions and 
malocclusion class[24,25]. Ceylan et al[24] stated that despite skeletal anteroposterior 
relationship changes, the airway dimensions remain constant, owing to postural 
changes in the pharyngeal structures. However, certain authors emphasized that 
upper airway dimensions vary according to different skeletal classes, developmental 
ages, and gender[1].

Nasal airway was positively correlated with middle and total airways. This may be 
justified by the location of the 2 sections, that are just superior to hard palate and not 
anatomically adjacent, yet there is direct correlation of their volumetric dimensions. 
The sections superior airway with middle, inferior and total airway and inferior 
airway with superior, middle and total airway display significant correlations. 
According to Ricketts[3] and Dunn et al[28], a restricted nasopharyngeal airway width is 
associated with mouth breathing, because it is readily obstructed by adenoid 
enlargement. Total airway was positively correlated with all superior, middle and 
inferior airways in our study.

The negative correlation of the ANB angle and the total airway can be explained by 
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Figure 4 Horizontal section showing airway. A: Nasal; B: Superior; C: Middle; D and E: Inferior airway.

group I (ANB less than 4) having significantly greater airway volume than group II 
(ANB more than 4). Mandibular body length and total airway volume were both 
significantly greater in group I, demonstrating a positive correlation. Total airway 
volume had significant association with ANB angle and mandibular body length 
(anterior-posterior discriminants) supporting the intergroup comparison of different 
anterior-posterior skeletal patterns in the study. Similar results were observed by 
Lopatienė et al[29], where statistically significantly narrower airways were found in 
patients with ANB more than 4.

Alhammadi et al[30] and Xu et al[26] also concluded that patients with skeletal Class II 
presented with reduced glossopharyngeal airway volume, larger total minimum 
constricted area in average faces and more nasal minimum constricted area in long 
faces. Hwang et al[31] reported that a constricted nasopharyngeal airway is associated 
with retruded mandible and maxilla.

A significant correlation exists between the skeletal facial pattern and upper airway 
dimensions according to a study done by Shokri et al[32], who concluded that the total 
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airway volume and the mean airway area of class III patients were larger than those in 
class II patients.

Limitation
In the present study we did not evaluate class III malocclusion patients, also all the 
patients were scanned in a sitting upright position so conclusion about obstructive 
sleep apnea cannot be derived. But there is strong evidence from the large sample size 
that mandible backward position is correlated with reduced airway.

CONCLUSION
The mean total airway volume of patients with ANB more than 4 was significantly 
smaller than that of patients with ANB less than 4. The sub volumes in the pharyngeal 
airway showed a positive correlation with each other. FMA and facial convexity and 
mandibular body length also had a significant interrelationship with total volume of 
airway.

ARTICLE HIGHLIGHTS
Research background
Diminished airway associated with obstructive sleep apnea tends to be typical in 
patients with Angle class II malocclusion, displaying retrognathic mandible and 
sagittal discrepancy. Early diagnosis and evaluation of the functional factors in 
growing children with skeletal discrepancy and features of adenoid hypertrophy 
(adenoid faces) might be pivotal to restore proper craniofacial growth and treatment 
outcome stability.

Research motivation
A lot of data has been published related to the identification of airway in the general 
population, even comparing different cone beam computed tomography machines for 
the same. However, there is a paucity of data on tomographic evaluation of airways in 
different skeletal patterns, which is often challenging due to their morphology and 
plays a vital role in their treatment planning.

Research objectives
Comparing the airway volumes in patients with mandibular retrognathism and those 
with the normal anteroposterior skeletal relationship.

Research methods
Cone-beam computed tomography volume scans, and lateral cephalograms, 3-
dimensional airway volume and cross-sectional areas of 120 healthy children which 
were done for orthodontic assessment was evaluated. The subjects were divided into 2 
groups based on the angle formed between point A, Nasion and Point B (ANB) values 
and cephalometric variables (such as anterior and posterior facial height, gonial angle 
etc.) airway volumes, and cross-sectional measurements were compared using 
independent t tests. Pearson’s correlation coefficient test was used to detect any 
relationship of different parts of the airway and between airway volume and 2-
dimensional cephalometric variables.

Research results
Means and standard deviations for cephalometric, cross-sectional, and volumetric 
variables were compared. ANB, mandibular body length, facial convexity was 
statistically highly significant whereas condylion to point A, nasal airway and total 
airway volume were statistically significant. The nasal airway volume and the superior 
pharyngeal airway volume had a positive correlation, nasal airway was correlated to 
middle and total airway superior had a relation with middle, inferior and total airway, 
middle was related to all other airways, inferior was also related to all the airways 
except nasal. Lateral cephalometric values were positively correlated with the airway 
volume with Frankfurt Mandibular Plane Angle and facial convexity showed 
significant correlations with total airway volume. Additionally, ANB angle was 
significantly correlated with total airway volume and superior airway.
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Research conclusions
Position of the mandible has positive correlation with the airway volume. Retrognathic 
mandible showed decreased overall airway in patients. Facial convexity and length of 
the mandible also influence the airway.

Research perspectives
The current study gives direction for future research on a larger cohort related to 
mandibular position and airway, linking the two for timely maxillo-facial orthopedic 
treatment interventions.
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Abstract
The pandemic of novel coronavirus disease 2019 (COVID-19) is an infectious 
disease caused by +ve strand RNA virus (SARS-CoV-2, severe acute respiratory 
syndrome coronavirus 2) that belongs to the corona viridae family. In March, the 
World Health Organization declared the outbreak of novel coronavirus for the 
public health emergency. Although SARS-CoV-2 infection presents with 
respiratory symptoms, it affects other organs such as the kidneys, liver, heart and 
brain. Early-stage laboratory disease testing shows many false positive or negative 
outcomes such as less white blood cell count and a low number of lymphocyte 
count. However, radiological examination and diagnosis are among the main 
components of the diagnosis and treatment of COVID-19. In particular, for 
COVID-19, chest computed tomography developed vigorous initial diagnosis and 
disease progression assessment. However, the accuracy is limited. Although real-
time reverse transcription-polymerase chain reaction is the gold standard method 
for the diagnosis of COVID-19, sometimes it may give false-negative results. Due 
to the consequences of the missing diagnosis. This resulted in a discrepancy 
between the two means of examination. Conversely, based on currently available 
evidence, we summarized the possible understanding of the various patho-
physiology, radio diagnostic methods in severe COVID-19 patients. As the 
information on COVID-19 evolves rapidly, this review will provide vital 
information for scientists and clinicians to consider novel perceptions for the 
comprehensive knowledge of the diagnostic approaches based on current 
experience.
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Core Tip: Computed tomography has played an important auxiliary role in diagnosing 
coronavirus disease 2019 (COVID-19) patients with higher sensitivity but lower 
specificity. Ground glass opacities pattern is the most common finding in COVID-19 
infections. Recognizing the manifestations of COVID-19 on chest X-ray may be used 
as first-line imaging in hospitals, especially in high prevalence areas. COVID-19 
classically appears as a bilateral, peripheral and patchy consolidation on imaging. It is 
important to remember that there may be no radiological changes in positive COVID-
19 patients. In this perspective, a diagnosis of real-time reverse transcription-
polymerase chain reaction is needed.
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INTRODUCTION
In December 2019, pneumonia with unknown aetiology officially reported by local 
hospitals in Wuhan, and it is severely impending around the world[1]. Later on January 
7, 2020, the World Health Organization (WHO) declared a public health emergency 
named the novel coronavirus disease 2019 (COVID-19). The official classification of the 
International Committee on Taxonomy of Viruses is called severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2)[2].

COVID-19 is spreading to more than 200 countries around the world, especially the 
United States, India, Germany, and Russia[3,4]. Past evidence suggests that the 
likelihood of a pandemic has increased over the last century. Previous to COVID-19, 
many infections affected world populations, such as cholera (1817-1824)[5], the plague 
of 1855[6], Spanish flu (1918-1920)[7], Swine Flu (2009-2010) (H1N1)[8], and the SARS-CoV 
(2003)[9]. The transmission rate of SARS-CoV-2 is higher than SARS-CoV due to the 
protein structure[10].

The most common signs and symptoms of COVID-19 among people hospitalized 
include fever, dry cough, or shortness of breath. It might be spread by the asympto-
matic, presymptomatic, and symptomatic conditions. However, the lungs are the main 
organs involved in the disease. Also, patients infected with COVID-19 may potentially 
suffer from myocardial, renal, gastrointestinal, and nervous systems damage[11-14].

Till now, No vaccine, specific drug against coronavirus. Several clinical trials of 
vaccines or medicines are underway and have not been completed. Further, it was 
showed that convalescent plasma transfusion has the effectiveness to reduce the 
mortality of severe COVID-19 patients[15,16]. Due to the high rate of diagnostic tests and 
updated content on COVID-19 is emerging every day. As radiological examination 
and diagnosis are among the critical components of the diagnosis and treatment of 
COVID-19, clinical imaging plays a unique role in the COVID-19 pandemic situation.

Since radiographers working in medical imaging on ground zero for patients often 
care under ever-more difficult specific working circumstances. Although attention is 
required to staff mental health. While the chest computed tomography (CT) has 
limited accuracy, in COVID-19 patients, it plays a vital role in the initial diagnosis and 
disease progression assessment. Further, real-time reverse transcription polymerase 
chain reaction (RT-PCR) is standard for the precise information of COVID-19. Due to 
its low detection rates and low sensitivity, sometimes it shows false-negative results. 
Still, they are vital resources within healthcare systems.

In this critical situation, depth work is needed the improve early diagnosis and 
clinical management. In this report, we seek to address the vital elements that may 
improve patient experiences to date on COVID-19 and the role of the radiological 
aspect in the diagnosis for better management have been summarised. This review 
may assist researchers and clinicians in understanding this disease accurately.

https://www.wjgnet.com/1949-8470/full/v13/i3/53.htm
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PATHOPHYSIOLOGY OF COVID-19
CoVs are non-segmented positive-sense RNA viruses belonging to the corona viridae; 
typically, viruses have infected many different animals, including humans and other 
host species[17]. Studies have shown that COVID-19 patients have several events, 
including systemic inflammation, thrombosis, microvascular dysfunction and 
hematological symptoms[18,19]. The genome sequence analysis shows that the length of 
SARS-CoV-2 ranges from 26 kb to 32 kb with a 5′-capping site and 3′ polyadenylation 
stimulates host genome transcription and translation[20]. The human SARS-CoV and 
SARS-CoV-2 show variable degrees of pathogenicity, but it has 82% identical to code 
for structural proteins (sps) and non-structural proteins (nsps)[21].

The SARS-CoV-2 genomes contain many open reading frames (ORFs), serving as a 
template for subgenomic mRNAs' biosynthesis. Among these are 16 nsps encoded by 
ORF1a and ORF1b, code for viral protein synthesis[9,22]. The spike (S) protein of SARS-
CoV-2, composed of two subunits, S1 and S2, among S1, plays a crucial role in the 
binding of angiotensin-converting enzyme 2 (ACE2) receptor that allows the entry of 
virus and highly expressed in host lung epithelial cells. The transmembrane S2 domain 
contains heptad repeat protein that facilitates the fusion of viral and host cell 
membranes. Therefore, researchers are considering the S2 domain as a promising 
target for COVID-19[23,24].

The transmembrane protease serine 2 (TMPRSS2) and cathepsin L also facilitate the 
cell surface entry into the host genome[1,25]. During COVID-19 infection, these specia-
lized structural cells activate immune system events expressed by antigen-presenting 
cells (APCs). APCs trigger a defence system containing CD4+-T-helper (Th1) designed 
to interact with foreign cells. After the activation of Th1 cells, it triggers the CD8+-T-
killer cells, which recognize massive Th1 and Th2 cytokine to activate B-cells to 
produce selected viral-specific antibodies. ACE2 found on the apical surface of nasal 
and larynx mucosa, then targets lung epithelial cells[26,27]. Elevated white blood cells 
(WBCs) stimulate the cytokines, including pro-inflammatory interleukin (IL)-6. 
However, a higher IL-6 level increases the aggressiveness and viral spread.

DIFFERENTIAL DIAGNOSTIC APPROACH OF COVID-19
Laboratory findings
A nucleic acid-based test confirms the diagnosis of COVID19 with respiratory 
samples[28]. Although quantitative RT-PCR is a specific method for diagnosing COVID-
19, it can give false-negative and false-positive results. Yang et al[29] noticed that about 
11% of sputum, 27% of nasal, and 40% of throat samples were known to be false 
negative after RT-PCR tests. A study has shown that the current rate of false-positive 
operation in the preliminary estimates shows that it could be between 0.8% and 
4.0%[30]. Similarly, Katz et al[31] has shown a 7.1% false-positive result in RT-PCR with a 
low detection rate. This situation may lead to severe outcomes from a missed 
diagnosis[32]. The quantitative RT-PCR method can only result in positive outcomes, 
but it has not been possible to analyze the severity of COVID-19 and its development 
in the organs.

The symptoms of COVID-19 are nonspecific for an accurate diagnosis. In the initial 
stage of the onset, patients had normal or decreased WBC count and lympho-
cytopenia. Some patients had elevated liver enzymes, lactate dehydrogenase and 
myoglobin. Increased troponin was seen in some severe cases[33]. Patients with severe 
disease had respiratory difficulties, including shortness of breath, chest pain or 
tightness with breathing, fever diminished vocal fremitus on palpation of the chest[34].

Most patients had normal procalcitonin levels but increased C-reactive protein and 
erythrocyte sedimentation rate at the time of admission. In severe cases, the D-dimer 
level was higher, and the peripheral blood T-cell phenotype of patients gradually 
decreased[35].

RADIOLOGICAL FEATURES OF COVID-19
Medical imaging plays a significant role in the diagnosis and therapeutic interventions 
of COVID-19 patients. The recommended procedure is shown in Figure 1.
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Figure 1 Overview of screening process for coronavirus disease 2019 in outpatient department. COVID-19: Coronavirus disease 2019; CT: 
Computed tomography; RT-PCR: Real-time reverse transcription polymerase chain reaction.

Imaging
Considering that clinical ultrasound images support vital roles in early screening, 
diagnosis and monitoring of response to COVID-19 treatment. Across the world, the 
preference for radiological approaches is the same for COVID-19 as they managed in 
the other respiratory symptoms. The high load of the virus could be detected by chest 
X-ray, chest CT, lung ultrasound (LUS), and magnetic resonance imaging (MRI), that 
each has strengths and weakness. All of these roles have to be seen as a best-practice 
option.

Chest radiographs
Chest radiographs (CXR) can provide rapid and valuable information in diagnosing 
COVID-19 pneumonia[36]. Preliminary clinical assessment by radiologists at the time of 
imaging is the expected competence of professionals in many countries. As radio-
logists are the first consultants to check and diagnose disease, it follows that the PCE 
clinical report plays a crucial role in recognizing the potential COVID-19 infection. 
Radiologists and referral health professionals need to know that CXR or CT does not 
exclude COVID-19 in high-risk patients[37]. Initial CXR report of two female COVID-19 
patients showed bilateral consolidation in the lower lung areas after follow-up with 
patchy consolidation in Wuhan[38]. The hallmark of COVID-19 is the classical CXR 
patterns. Almost half of the patients with COVID-19 have an abnormal chest X-ray. 
The presence of ground-glass opacities (GGO), associated consolidation and crazy 
paving pattern linked with COVID-19 infection[39,40].

There are no abnormal results in positive COVID-19 patients on CXRs during an 
early or moderate stage. Pneumothorax or lung cavitation are rare complications. In 
severe COVID-19 cases during disease progression, the number of nodes may increase 
significantly and spread to central areas where the lower left lobe is more often 
involved than the upper and right lobes in young and middle-aged adult COVID-19 
patients[41]. Imaging appearances may vary from patient to patient with the disease 
stages and the severity of the disease[42]. However, the existing information on the 
reliability of CXR in COVID-19 is limited, with fewer cases than CT in the chest and 
often without specific criteria for the inclusion of healthy or non-COVID-19 issues.

The sensitivity of CXRs depends on the progression of COVID-19 infection. The 
sensitivity (69%) of CXRs imaging is higher in mild to moderate COVID-19 patients 
was reported[43]. Another single-centre study found that 27 patients had a bilateral or 
unilateral distribution of 32 patients, and 84% had a sensitivity[44]. Besides, 
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asymptomatic and minimally symptomatic quarantine patients' CXR results showed 
58.8% sensitivity in patients positive for COVID-19, but RT-PCR confirmation was not 
performed[45].

X-ray findings
Chest X-rays are the most widely used for investigating COVID-19 suspected cases 
due to rapid results with low sensitivity. No abnormal findings have been observed in 
early-stage positive COVID-19 patients. A classic picture of patchy or diffuse reticular 
nodule opacities and consolidation has been found in most patients with positive RT-
PCR results. However, the routine chest radiography does not exclude COVID-19 
pneumonia. Radiologists will be recommended for severe cases to allow quick 
initiation of treatments currently available for COVID-19 infection. However, there is 
no fixed definition for COVID-19 pneumonia to date. Radiologists may consider other 
respiratory symptoms when diagnosing patients[46-48].

CT
CT, as a non-invasive imaging approach, can identify specific trademark indications in 
the lung related to COVID-19 pneumonia. For the precise diagnosis of COVID-19 
epidemiological evidence, common symptoms and tests are crucial. Imaging will be 
the first choice for the diagnosis. Suspected COVID-19 patients will undergo chest X-
ray as soon as possible and an urgent CT scan based on severity, also follow routine 
protocol[49].

Hence, CT could serve as an effective way for early screening and determination of 
COVID-19. The sensitivity of the CT in a present pandemic situation is the gold 
standard at the beginning staging with RT-PCR, which recognizes viral load and is the 
current reference standard in the identification of COVID-19 infection. Several 
researchers proposed the sensitivity of without contrast chest CT for identifying 
COVID-19 disease is 98% compared with initial results with 71% sensitivity in RT-
PCR[50-52]. Another study has shown the chest CT has a high sensitivity of (97%). Still, a 
low specificity was recorded (25%), with an accuracy of 68% for the diagnosis of 
COVID-19, and it may be considered as a primary tool for the current pandemic 
situation in positively affected areas[53]. No abnormal CT findings have been observed 
at an early and during disease progression stage. Later on, it could appear atypical CT 
report, including GGO, consolidation, nodule. Further, fibrosis, predominantly in the 
peripheral, basal lungs, and a small amount of pleural effusion may occur[54,55].

CT staging system
Till-date, there is no systematic comparison study between imaging findings and 
clinical case-control data. There is no significant research on the imaging stage and the 
rating of COVID-19. Based on abnormal findings in the CT, the stages of the COVID-19 
manifestation may deviate into the four categories of early-stage, progressive stage, 
severe stage and pneumonia-determined stage (Table 1).

LUS
LUS has several benefits over chest radiography and chest CT in the diagnosis of 
COVID-19 patients. LUS has good diagnosis efficiency, is ergonomically favourable 
and has less impact on preventing infections. Therefore, it is used in intensive care, 
cardiology and nephrology, and may also be useful in diagnosing and monitoring 
pneumonia. LUS may allow clinicians to assess where a patient has clinical symptoms 
of COVID-19 related lung damage, particularly in an intensive care setting. Although 
its full diagnostic role in COVID-19 patient care has not yet been identified, LUS may 
show alveolar damage, subpleural consolidation, white lung regions, thick irregular 
pleural lines and abnormal B-lines. According to LUS, the severity of COVID-19 
disease is divided into moderate, severe and critical. Irregular B-lines develop and 
their number and distribution gradually increase across the upper and anterior areas 
of the lungs. However, alveolar injury, sub pleural consolidation, thick distinctive 
pleural lines and abnormal B-lines are not very specific to COVID-19 and can be seen 
in other viral pneumonia and acute respiratory distress syndrome. However, when 
these results are combined, they may help to diagnose during the COVID-19 
pandemic. However, at present, no precise data show enhanced patient outcomes; 
future work should focus on further multi-center studies and the integration of LUS 
into clinical care pathways[59-62].

MRI
Although MRI plays a crucial role in oncology, although it is not related to evaluating 
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Table 1 Disease progression and its associated radiological changes[56-58]

Stages Periods Clinical findings

Early-stage < 2 d (1) More than half of the patients have a negative chest result; (2) It shows single or multiple GGO, nodule small patchy GGO, 
or large patchy GGO; (3) The lesions are located predominately in the middle and lower lung lobes with subpleural, peri-
fissure, or peri-bronchovascular distribution; (4) The thickening of the bronchial wall, thickening of small vessels, air 
bronchogram sign and the thickening of adjacent interlobular pleura are common; (5) Some large patchy GGO with 
subsegmental distribution and increased small vessels seems like the fine grid shadow or "crazy paving” sign; And (6) Some 
GGO shows "reversed halo" sign

Intermediate 
stage

3-5 d (1) Multiple new lesions similar to those in the early stage appeared; (2) Most of the original lesions would enlarge, with the 
presence of consolidation varying sizes and density; (3) Nodular, halo sign and air bronchogram sign in the consolidation could 
be seen; (4) Fusion or partial absorption of the original GGOs or consolidation could be seen; And (5) The scope and shape of 
lesions often changed after the fusion, which might not distribute along with the bronchovascular bundle thoroughly

Late or severe 
stage

6-12 d (1) Progression of the disease, diffuse consolidation with increased density would occur; (2) The bronchiectasis and air 
bronchogram sign appeared; (3) Patchy GGOs were shown in non-consolidated regions; (4) "White lung" appeared when most 
of the lungs were involved in the severe stage; And (5) Thickened interlobular and bilateral pleura were commonly seen with a 
small amount of pleural effusion

Resolved 
stage

> 14 d (1) After the treatment, most COVID-19 patients tend to be stable and improved, showing that the range of lesions diminished, 
the density gradually decreased, the number of lesions reduced; (2) The GGO can be fully absorbed; And (3) In some cases, the 
lesions can evolve into a fibrous cord in a relatively short period

GGO: Ground-glass opacities; COVID-19: Coronavirus disease 2019.

lung infection, it can contribute to the defining brain and spine targets of COVID-19 
positive patients. The first report of the in vivo human brain involved in a COVID-19 
patient has been shown by Politi et al[63] demonstrated that a signal alteration 
compatible with a viral brain invasion in a cortical region. Kamishima et al[64] observed 
that respiratory-gated MRI is highly effective in reducing respiratory artefacts and 
these may use in various neurological manifestations of severe COVID-19 patients. 
Gulko et al[65] found that acute and sub-acute infarctions were the most common 
diagnosis of brain MRI imaging and leukoencephalopathy, microhemorrhage 
constellation, leptomeningeal contrast enhancement, and cortical fluid-attenuated 
inversion recovery (FLAIR) signal abnormality are common features in COVID-19 
patients. In the current situation, MRI is in the diagnosis of secondary manifestations, 
including cardiac complications or persistent myositis. At present COVID-19 is still 
being explored and the use of MRI is likely to expand as we know much about this 
disease.

GUIDELINE AND SCREENING FOR COVID-19
Initial screening of COVID-19 is based on clinical features, travel history in recent 
days, and exposure to someone confirmed to have COVID-19. Based on United States 
practice and WHO guidance, there are two main reasons for being tested for SARS-
CoV-2, including symptoms or exposure to an infected person. Although those at 
higher risk, such as people over 60 years of age or underlying medical conditions, may 
be considered for testing when others without these high-risk factors are not 
considered for testing[66]. For symptomatic patients, WHO suggests that chest imaging 
be used for suspected COVID-19 patients for precise diagnosis even if the following 
condition: (1) RT-PCR test not performed; (2) RT-PCR testing performed, but results 
delayed; and (3) The first RT-PCR test result is negative, but patients have a severe 
clinical feature of COVID-19. For patients with doubted or confirmed COVID-19 who 
are not present in the hospital and have minor symptoms, the WHO suggests 
additional clinical and laboratory assessments can be done by the hospital and later 
maybe discharge[67]. Later on June 16, 2020, the Food and Drug Administration (FDA) 
took initiatives to strengthen screening tests for asymptomatic patients and 
recommend pooled testing for all samples. The FDA believes that the pooling of 
samples may be authorized for use in specific SARS-CoV-2 tests with appropriate 
mitigation and validation (https://www.fda.gov/medical-devices/coronavirus-covid-
19-and-medical-devices/pooled-sample-testing-and-screening-testing-covid-19).

The sample may be taken from the upper (nasopharyngeal or pharyngeal) or lower 
respiratory tract for diagnosis of SARS-CoV-2. Accumulating data indicates that the 
RT-PCR tests' accuracy is more sensitive and may vary depending on the specimen[68]. 
Preliminary results suggested that sputum is the most accurate sample for SARS-CoV-

https://www.fda.gov/medical-devices/coronavirus-covid-19-and-medical-devices/pooled-sample-testing-and-screening-testing-covid-19
https://www.fda.gov/medical-devices/coronavirus-covid-19-and-medical-devices/pooled-sample-testing-and-screening-testing-covid-19
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2 diagnosis, followed by nasal and throat swabs when comparing different types of 
specimens[26]. Some reports have shown that nasopharyngeal or pharyngeal swab 
samples are more sensitive to the SARS-CoV-2diagnosis, which varies based on viral 
load[69-71].

ADVANTAGES AND LIMITATIONS
Medical imaging plays a vital role in the diagnosis, management and treatment of 
COVID-19 patients. CXR are the most commonly used imaging method for suspected 
and reported COVID-19 cases, although their sensitivity is very low. On the other 
hand, CT in the chest is highly sensitive (97%), although not entirely specific. There are 
some major challenges in terms of infection control. LUS shows the benefits of chest X-
rays and chests CT in the diagnosis of COVID-19 patients. It can be easily performed 
without the exposure of harmful radiation to patients and can be easily repeated at the 
bedside only. It also has more sensitivity than CXR and CT in the chest. MRI may lead 
to patients' diagnosis with symptoms of the central nervous system, even if it is not 
relevant to lung disease assessment. At present, the role of MRI is only used in the 
diagnosis of secondary complications of COVID-19, including cardiac complications or 
chronic myositis, and the use of MRI in this field is likely to increase because patients 
are more frequently affected by this disease[72-75].

CONCLUSION
COVID-19 is extremely infectious and people are highly vulnerable to infection in 
general. Medical imaging plays a crucial role in the COVID-19 pandemic, providing 
the benefit of additional evaluation and follow-up to critically ill patients. Based on the 
epidemiological evidence and clinical features, a descriptive radiological diagnosis is 
needed and the final diagnosis needs to be confirmed by RT-PCR testing. Even though 
radiological findings may be dramatic, it is not necessary to the image of all patients 
with suspected or confirmed COVID-19. Thus, a thorough review of the patient's 
epidemiological history, laboratory test results, clinical symptoms, and imaging 
indications are essential for early intervention, early identification, early diagnosis, 
first isolation, and early treatment.
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Abstract
As we continue to fight against the current coronavirus disease-2019 (COVID-19) 
pandemic, healthcare professionals across the globe are trying to answer 
questions surrounding how to best help patients with the up-to-date available 
science while awaiting the development of new therapies and mass vaccination. 
Since early in the pandemic, studies indicated a heightened risk of venous 
thromboembolism (VTE) in COVID-19 infected patients. There have been 
differing expert opinions about how to assess pretest probability of VTE in this 
patient population. This has been partly due to the high prevalence of respiratory 
failure in this patient population and the use of D-dimer as a prognostic test 
which is also frequently elevated in patients with COVID-19 in absence of VTE. 
Some experts have argued for an approach similar to usual care with testing if 
clinical suspicion is high enough. Some have argued for more routine screening at 
different points of care. Others have even suggested empiric therapeutic anti-
coagulation in moderate to severely ill COVID-19 patients. In the following article, 
we review and summarize the most current literature in hopes of assisting 
clinicians in decision making and guidance for when to be concerned for VTE in 
COVID-19 patients. We also discuss research gaps and share pathways currently 
being used within our institution.
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Core Tip: As we continue to fight against the current coronavirus disease-2019 
(COVID-19) pandemic, healthcare professionals across the globe are trying to answer 
questions surrounding how to best help patients with the up-to-date available science 
while awaiting the development of new therapies and mass vaccination. Since early in 
the pandemic, studies indicated a heightened risk of venous thromboembolism (VTE) 
in COVID-19 infected patients. There have been differing expert opinions about how 
to assess pretest probability of VTE in this patient population. This has been partly due 
to the high prevalence of respiratory failure in this patient population and the use of D-
dimer as a prognostic test which is also frequently elevated in patients with COVID-19 
in absence of VTE. Some experts have argued for an approach similar to usual care 
with testing if clinical suspicion is high enough. Some have argued for more routine 
screening at different points of care. Others have even suggested empiric therapeutic 
anticoagulation in moderate to severely ill COVID-19 patients. In the following paper 
we review and summarize the most current literature in hopes of assisting clinicians in 
decision making and guidance for when to be concerned for VTE in COVID-19 
patients. We also discuss research gaps and share pathways currently being used within 
our institution.
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venous thromboembolism: Known and unknown for imaging decisions. World J Radiol 2021; 
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INTRODUCTION
At the time this paper was written, globally there are over 100 million patients who 
have tested positive for coronavirus disease-2019 (COVID-19) infection, with around 
2.1 million patients having lost their lives due to this disease[1]. COVID-19 is caused by 
the novel coronavirus named severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2). Though COVID-19 infections have a tendency to involve multiple organ 
systems, the respiratory system is primarily affected resulting in inflammatory 
infiltrates, and in severe cases leading to hypoxemia and respiratory failure. High risk 
of venous thromboembolism (VTE) in COVID-19 patients was recognized early on in 
the pandemic, with one study suggesting enoxaparin prophylaxis was associated with 
lower mortality[2]. However, despite thromboprophylaxis, the risk for VTE remains 
high[3]. Timely identification of deep vein thrombosis (DVT) and pulmonary embolism 
(PE) is critical in making clinical decisions regarding therapeutic anticoagulation. 
Computed tomography pulmonary angiography (CTPA) is considered the gold 
standard test for diagnosis of pulmonary artery clot. In patients presenting with 
COVID-19 infection, deciding when to screen or rule out pulmonary artery 
thromboembolism remains a challenge for physicians due to frequently fluctuating 
oxygenation requirements. Different approaches have been suggested and debated by 
experts including use of clinical decision-making tools, the use of D-dimer testing, 
universal CTPA or lower extremity ultrasound screening on admission to the hospital 
or at the time of admission to critical care units, and empiric higher than prophylactic 
anticoagulation. In the following review, we will explore current literature regarding 
clinical decision-making for imaging in the diagnosis of VTE in COVID-19 patients in 
the form of common clinical questions. We will also share our institution’s pathway 
for diagnosing VTE in this patient population.
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WHAT IS THE RISK OF VTE IN COVID-19?
Since the beginning of the pandemic, studies have indicated increased risk of both 
venous and arterial thromboembolism in COVID-19 patients, including DVT, PE, 
ischemic stroke, myocardial infarction and peripheral arterial thromboembolism[4]. 
One study, which compared national databases of viral pneumonias, showed COVID-
19 was associated with higher incidences of thrombotic complications compared to 
other viral pneumonias[5]. The reported frequency of pulmonary embolism in critically 
ill COVID-19 patients is approximately 20%-30%[6,7]. Evidence suggests that small 
vessel pulmonary thrombi are more common than large pulmonary vessel involve-
ment in COVID-19[8,9]. Pulmonary embolism is a serious thrombotic complication of 
COVID-19 pneumonia, with mortality rates for patients with COVID-19 and PE 
estimated at approximately 45%[10]. With available literature it is clear that risk of VTE 
is very high in patients with COVID-19, especially those requiring intensive care 
during hospitalization. Patients with COVID-19 and VTE have high risk of mortality.

WHAT IS THE MECHANISM BEHIND VTE IN COVID-19 PATIENTS?
The pathway for clot formation in acutely ill patients is Virchow’s Triad, which 
includes the predisposing factors of venous stasis, hypercoagulability and endothelial 
damage. All critically ill patients, despite underlying etiology, usually face a 
combination of the above factors and are therefore considered high risk for VTE. Post-
mortem studies have raised significant concerns regarding microvascular thrombosis, 
as well as macrovascular involvement in COVID-19 patients[11,12]. Data suggests SARS-
CoV-2 can infect pulmonary endothelial cells, triggering a cascade of local immune 
response involving leukocyte activation, complement deposition and platelet 
aggregation[13]. In a small study of 25 patients with COVID-19 who were admitted to 
the intensive care unit, screening bilateral lower extremity venous ultrasounds 
between days 5 and 10 of admission showed an overall incidence of proximal DVT of 
24%, indicating lower extremity thrombosis is also a major contributor for pulmonary 
embolism in COVID-19 patients[14]. Apart from known factors that put critically ill 
patients at high risk of VTE, direct injury to the endothelium by the virus and strong 
local immune response seems to play a large role, especially in small pulmonary vessel 
in-situ thromboses’ in patients with COVID-19. Several studies also reported other 
hemostatic abnormalities in COVID-19 patients, including positive antiphospholipid 
antibodies, abnormal platelet function and abnormal coagulation parameters that 
likely add a complex interplay further increasing risk of thromboembolism[15].

WHAT IS THE ROLE OF CLINICAL PROBABILITY SCORES IN DIRECTING 
EVALUATION FOR VTE IN COVID-19 PATIENTS?
Clinical probability scores have been shown to assist in determining pretest 
probability of pulmonary embolism with more accuracy than clinician gestalt[16,17]. The 
Well’s criteria are the most popular and commonly used tool internationally used to 
aid in clinical decision making for diagnosis of VTE. Studies on the use of clinical 
probability scoring in COVID-19 patients is thus far very limited. One study indicated 
a Wells score > 2 had a higher correlation for VTE on imaging in critically ill COVID-
19 patients[18]. Despite the limited evidence, use of a clinical prediction scoring tool 
should be considered in conjunction with clinical judgement when defining pretest 
probability of VTE in COVID-19 patients.

WHAT IS THE ROLE OF D-DIMER IN DECISION MAKING FOR 
EVALUATION OF VTE IN COVID-19 PATIENTS?
D-dimer is a soluble fibrin degradation product resulting from fibrinolysis of thrombi. 
It is frequently elevated in acute VTE, but is non-specific, being frequently elevated in 
many other non-thrombotic conditions including pregnancy, cancer and inflam-
mation[19,20]. Cochrane review suggests D-dimer sensitivity ranging from 80%-100% and 
specificity from 23%-63% in prediction for VTE[21]. Due to lack of specificity and high 
false positive results, D-dimer is a good test to rule out VTE in low pretest probability 
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patients if D-dimer results are normal, but should not be used to establish diagnosis of 
VTTE when levels are elevated[22].

In multiple studies D-dimer has shown to be frequently elevated in COVID-19 
positive patients in the absence of VTE. Studies indicate up to 40%-50% of patients 
with COVID-19 will have elevated D-dimer during hospitalization[23,24]. In one study, 
admission D-dimer was found to be the same in those patients who were found to 
have VTE during hospitalization vs those without evidence of VTE[25]. Many 
retrospective studies suggest significantly higher D-dimer levels in patients with 
confirmed pulmonary embolism on CTPA vs patients without pulmonary embolism 
on CTPA[26,27]. Though data clearly indicates higher D-dimer values are associated with 
higher probability for pulmonary embolism on CTPA, there is ongoing debate about 
serial D-dimer testing and the cut-off value for D-dimer at which imaging to evaluate 
for VTE should be performed. Based on available studies, we think absolute D-dimer 
levels and changes over time should be taken into account in decision making on 
when to obtain imaging to evaluate for VTE despite the absence of significant clinical 
suspicion, but exact cut off values or percentage of change from initial D-dimer at 
which imaging should be performed remains controversial.

SHOULD ALL PATIENTS PRESENTING TO THE EMERGENCY 
DEPARTMENT WITH SUSPECTED COVID-19 INFECTION UNDERGO 
LOWER EXTREMITY VENOUS ULTRASOUND OR CTPA FOR 
EVALUATION OF VTE? 
Currently, CTPA is considered the gold standard for diagnosis of pulmonary 
embolism and venous duplex ultrasound is considered standard for diagnosis of DVT. 
Pulmonary embolism is seen as a hypodense filling defect on CTPA (Figure 1). A 
normal CTPA effectively rules out pulmonary embolism with high negative predictive 
values of around 99%[28]. However, like any other testing modality, CTPA carries risks 
including exposure to ionizing radiation and use of intravenous iodinated contrast, 
placing the patient at risk for renal toxicity especially in patients with existing kidney 
disease and hypersensitivity reactions. Overtreatment of clinically insignificant 
pulmonary emboli also comes with significant risk given the need for therapeutic 
anticoagulation medications and resulting risk of bleeding[16].

High resolution CT of lungs can identify ground glass opacities with significant 
accuracy. In the early part of pandemic there was concern regarding accuracy of 
reverse transcriptase- polymerase chain reaction (RT-PCR) which led to studies 
suggesting lung CT scan as a more sensitive modality for diagnosing COVID-19 
pneumonia[29]. Though RT-PCR remains the gold standard for confirmation of COVID-
19 diagnosis, it has been advised to consider CT chest as a primary modality for 
diagnosis, especially if RT-PCR availability is limited or there is a delay in testing 
results[30]. Many institutions use CT modalities over chest x-ray due to the poor 
sensitivity of chest x-ray in diagnosing COVID-19 pneumonia. Questions naturally 
arise if one should consider CTPA as a triage test due to the potential added value of 
evaluating for pulmonary embolism in addition to imaging the lung parenchyma, 
especially in patients presenting to the emergency department.

Studies evaluating the role of CTPA as a triage and universal evaluation strategy in 
emergency departments are limited. In a single center retrospective study in the 
United Kingdom, 48 patients with COVID-19 like symptoms, but without clinical 
concern for PE, were screened with non-contrast CT. All patients who had findings 
concerning for COVID-19 or RT-PCR confirmed COVID-19 underwent CTPA. Overall, 
there was only one positive CTPA (2%) for pulmonary embolism[31]. On the other side 
in one retrospective study, emergency department clinicians referred COVID-19 
patients for CTPA based on clinical suspicion for PE with results showing detection of 
PE on CTPA in 18% of patients[32]. Of note, data from early in the pandemic in France 
suggested that PE’s in COVID-19 positive patients typically occurred around day 6 of 
infection (median)[33]. Currently there are no studies to our knowledge evaluating 
venous ultrasound as mandatory screening in emergency room in patients with 
COVID-19.

Though there are many studies indicating high prevalence of VTE in COVID-19 
patients, most studies were performed involving patients in the intensive care setting. 
Data suggests that critically ill patients are at high risk for VTE despite primary cause 
of that illness[34,35].

Due to the risk associated with intravenous contrast exposure, the role of CTPA as 



Patel L et al. Imaging decisions for VTE in COVID-19

WJR https://www.wjgnet.com 68 March 28, 2021 Volume 13 Issue 3

Figure 1 Computed tomography angiography images. A and B: Chest axial views; C and D: Chest coronal views. Computed tomography angiography 
chest axial and coronal views soft tissue window shows large hypodense filling defects in distal right and left main pulmonary arteries and all segmental pulmonary 
branches in both lungs (orange arrows) in a 58-year male patient with shortness of breath. Findings are compatible with bilateral extensive pulmonary embolisms.

universal testing for all emergency room or hospitalized patients with COVID-19 is not 
advisable. Similarly routine lower extremity ultrasound of all COVID-19 patients in 
emergency department does not have cost benefits and is also associated with risks, 
especially in regards to detecting small distal DVTs with unknown clinical 
significance.

A high index of clinical suspicion especially in patients with significant hypoxemia 
along with the use of clinical probability scores and D-dimer should be the driving 
factors in determining when to obtain CTPA or lower extremity ultrasound in COVID-
19 patients.

SHOULD ALL PATIENTS ADMITTED TO THE HOSPITAL OR CRITICAL 
CARE UNITS WITH COVID-19 BE SCREENED FOR VTE?
Hospitalization due to medical illness is associated with increased risk of VTE. 
Critically ill patients have an even higher risk of VTE despite underlying diagnosis, 
with many critically ill patients unable to express their symptoms. Physical diagnosis 
can be challenging and usually not very high yield in diagnosis of DVT[36].

In Prophylaxis for Thromboembolism in Critical Care Trial study pre-COVID 3764 
intensive care unit (ICU) patients were randomized to receive either prophylactic low 
molecular weight heparin, dalteparin or unfractionated heparin. Patients underwent 
mandatory twice weekly lower extremity ultrasound. The overall VTE rate in the 
study was 9.1% and DVT rate was 5.5%[37]. In a study published recently involving 
medical-surgical critically ill patients, twice weekly surveillance with lower extremity 
ultrasonography lead to 9.6% rate of DVT and was associated with higher detection of 
DVT compared to non-surveillance standard care group and a lower 90 d mortality 
(adjusted HR: 0.75, 95%CI: 0.57 to 0.98)[38].

To date, there are not many studies involving systematic screening ultrasound for 
detection of DVT in COVID-19 patients. In a study involving 26 critically ill patients 
with COVID-19, when surveillance ultrasonography was mandated, DVT rate was 
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close to 50%. In this study, all patients were mechanically ventilated and about 90% of 
patients were on vasopressor therapy[39]. Based on limited available data, some 
institutes and expert groups recommend screening lower extremity ultrasound for 
patients with COVID-19 who need ICU level care[40,41]. Factors such as size of the 
hospital, as well as location and local treatment cultures can play a role in which 
patients are cared for in ICU settings. Smaller hospitals may treat patients on high 
oxygen or noninvasive mechanical ventilation in intensive care units. Flow 
management can lead to patients spending some time in intensive care beds due to 
lack of availability of beds on medical wards. These factors should all be considered 
when making surveillance imaging decisions.

SHOULD CTPA BE PERFORMED TO EVALUATE FOR PULMONARY 
THROMBOEMBOLISM IF OXYGEN REQUIREMENTS SEEM OUT OF 
PROPORTION TO LUNG INFILTRATES OR OXYGEN REQUIREMENTS 
ARE INCREASING IN COVID-19 PATIENTS WITH STABLE LUNG 
INFILTRATES?
This is one area where there is agreement amongst most experts and professional 
societies. The European Society of Radiology, European Society of Thoracic Imaging 
and European Society of Cardiology suggested that CTPA should be performed to 
evaluate for pulmonary embolism in COVID-19 patients with limited extent of disease 
on non-contrast imaging and significant supplemental oxygen needs[42,43].

SHOULD WE GIVE THERAPEUTIC ANTICOAGULATION TO ALL 
MODERATE TO SEVERELY ILL PATIENTS WITH COVID-19 WITHOUT 
IMAGING CONFIRMATION OF VTE?
Given the prevalence of VTE in COVID-19 patients, many physicians and professional 
societies have contemplated the role of empiric therapeutic anticoagulation for all 
hospitalized COVID-19 patients. Currently, randomized data is lacking to support the 
use of empiric therapeutic anticoagulation even amongst critically ill patients. One 
recent randomized controlled trial comparing therapeutic and prophylactic 
enoxaparin showed therapeutic enoxaparin improved gas exchange and need for 
mechanical ventilation in severe COVID-19 patients[44], Many institutions have created 
alternate guidelines supporting the use of “ intermediate” or full therapeutic 
anticoagulation[6]. Of course, the use of higher intensity anticoagulation comes with its 
own set of risks, with several small retrospective studies showing major bleeding 
events and even fatalities associated with its use[45]. Current guidelines recommend 
prophylactic dose anticoagulation for hospitalized adults with COVID-19[46]. In 
addition, guidelines recommend empiric treatment of suspected PE if imaging is 
expected to take > 4 h or for DVT if imaging is expected to take > 24 h[47]. Currently 
optimal dosing of intermediate anticoagulation with goal of pharmacoprophylaxis in 
COVID-19 patients remains unknown[48]. Randomized controlled trials are underway 
to answer these questions. Results of these trials will help clarify more precise use of 
anticoagulation strategy in near future[49]. At this point, at our institution, we do not 
recommend universal intermediate or therapeutic anticoagulation for all patients with 
COVID-19. We suggest universal pharmacologic prophylactic anticoagulation (if 
bleeding risk is acceptable) and maintaining a high index of clinical suspicion to help 
in early diagnosis of VTE events and escalation to appropriate therapeutic dosing 
when indicated.

WHAT IS THE ROLE OF POINT OF CARE ULTRASOUND IMAGING IN 
EVALUATION OF VTE IN COVID-19?
Point of care ultrasound (POCUS) in care of all patients is rapidly evolving. Currently, 
training in POCUS is variable across different medical institutions. Availability of 
good quality ultrasound machines for point of care use is an additional challenge. 
Evaluation of the lower extremity deep veins with POCUS for evaluation of deep 
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venous thrombosis is reasonable if the provider has the skills for acquisition and 
interpretation of images. At our institute, bedside clinicians are not trained and do not 
use venous ultrasound for thrombosis evaluation. Although periodic screening for 
deep venous thromboses in medical patients was performed in previous VTE 
prophylaxis efficacy trials, it has not been studied as an intervention, and, therefore, 
cannot be recommended[49-55]. For providers with this set of skills, however, lower 
extremity venous POCUS can be considered in critically ill patients with COVID-19. 
For patients with moderate to severe COVID-19 with hemodynamic worsening or 
sudden instability, POCUS use is recommended for rapid evaluation of cor 
pulmonale[41].

OUR APPROACH
Due to the coronavirus pandemic, a disaster preparedness group of health system 
experts came together to form the COVID Clinical Content Group. A new webpage on 
COVID care was created on the health systems website to assist providers with current 
evidence and local expert guidance. Evidence on risk of thrombosis and management 
is routinely evaluated panel of experts which include hospitalists, intensivist, vascular 
medicine specialist, hematologist and anticoagulation pharmacist. Consensus 
recommendations are posted on this webpage, and periodic educational webinars are 
hosted. Our current algorithm is described below (Figure 2).

CONCLUSION
VTE remains a concerning complication in patients with COVID-19 infections. 
Currently, there remain many unanswered questions related to imaging and 
anticoagulation strategies. Maintaining a high index of suspicion and use of imaging 
for early diagnosis of VTE without universal screening appears to be the most logical 
method in managing this issue until further research can be completed and validated.
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Figure 2 Diagnosis and management of venous thromboembolism in hospitalized patients with coronavirus disease-2019. COVID-19: 
Coronavirus disease-2019; DVT: Deep vein thrombosis; PE: Pulmonary embolism; VTE: Venous thromboembolism.
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Abstract
The current gold standard for the diagnosis of coronavirus disease-19 (COVID-19) 
is a positive reverse transcriptase polymerase chain reaction (RT-PCR) test, on the 
background of clinical suspicion. However, RT-PCR has its limitations; this 
includes issues of low sensitivity, sampling errors and appropriate timing of 
specimen collection. As pulmonary involvement is the most common manifes-
tation of severe COVID-19, early and appropriate lung imaging is important to 
aid diagnosis. However, gross discrepancies can occur between the clinical and 
imaging findings in patients with COVID-19, which can mislead clinicians in their 
decision making. Although chest X-ray (CXR) has a low sensitivity for the 
diagnosis of COVID-19 associated lung disease, especially in the earlier stages, a 
positive CXR increases the pre-test probability of COVID-19. CXR scoring systems 
have shown to be useful, such as the COVID-19 opacification rating score which 
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helps to predict the need of tracheal intubation. Furthermore, artificial intelli-
gence-based algorithms have also shown promise in differentiating COVID-19 
pneumonia on CXR from other lung diseases. Although costlier than CXR, 
unenhanced computed tomographic (CT) chest scans have a higher sensitivity, 
but lesser specificity compared to RT-PCR for the diagnosis of COVID-19 
pneumonia. A semi-quantitative CT scoring system has been shown to predict 
short-term mortality. The routine use of CT pulmonary angiography as a first-line 
imaging modality in patients with suspected COVID-19 is not justifiable due to 
the risk of contrast nephropathy. Scoring systems similar to those pioneered in 
CXR and CT can be used to effectively plan and manage hospital resources such 
as ventilators. Lung ultrasound is useful in the assessment of critically ill COVID-
19 patients in the hands of an experienced operator. Moreover, it is a convenient 
tool to monitor disease progression, as it is cheap, non-invasive, easily accessible 
and easy to sterilise. Newer lung imaging modalities such as magnetic resonance 
imaging (MRI) for safe imaging among children, adolescents and pregnant 
women are rapidly evolving. Imaging modalities are also essential for evaluating 
the extra-pulmonary manifestations of COVID-19: these include cranial imaging 
with CT or MRI; cardiac imaging with ultrasonography (US), CT and MRI; and 
abdominal imaging with US or CT. This review critically analyses the utility of 
each imaging modality to empower clinicians to use them appropriately in the 
management of patients with COVID-19 infection.

Key Words: COVID-19; Pneumonia; Lung imaging; Chest X-ray; Computed tomography; 
Lung ultrasound

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The coronavirus disease-19 (COVID-19) pandemic has had a devastating 
impact on the human race, with the current death toll exceeding 2.8 million. Although a 
positive reverse transcriptase polymerase chain reaction test is the gold standard for 
diagnosing a COVID-19 infection, the reported sensitivity of the test is < 90%, and 
clinicians often need to rely upon various imaging studies for definitive diagnoses and 
prognostication. However, discrepancies between the clinical and imaging profiles of 
patients with the disease can often pose challenges in therapeutic decision making. 
Therefore, it is imperative to understand the diagnostic sensitivity, specificity, and 
positive and negative predictive values of each imaging modality for the rational 
management of patients with this enigmatic disease. This evidence-based review is a 
clinical update to empower clinicians across the world who is involved in combatting 
COVID-19.

Citation: Kumar H, Fernandez CJ, Kolpattil S, Munavvar M, Pappachan JM. Discrepancies in 
the clinical and radiological profiles of COVID-19: A case-based discussion and review of 
literature. World J Radiol 2021; 13(4): 75-93
URL: https://www.wjgnet.com/1949-8470/full/v13/i4/75.htm
DOI: https://dx.doi.org/10.4329/wjr.v13.i4.75

INTRODUCTION
The mega-pandemic caused by the severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2), more commonly referred to as coronavirus disease-2019 (COVID-19), 
continues to hit the global population even after 16 mo of its first report from China in 
December 2019. As of April 2021, the total death toll exceeds 2.84 million worldwide. 
Although COVID-19 can affect any organ system in the human body, the most 
clinically severe cases often have a constellation of pneumonia, acute respiratory 
distress syndrome (ARDS), septic shock, acute kidney injury, diarrhoea, rhabdo-
myolysis, and disseminated intravascular coagulation[1]. Because of the mild nature of 
COVID-19 in most patients, the early diagnosis of severe illness is important for 
optimal treatment and appropriate utilisation of resources to prevent overstrain on the 
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global healthcare systems. Since dyspnoea and pulmonary involvement are the most 
common manifestations of severe COVID-19, appropriate and early lung imaging is 
important not only for diagnostic evaluation, but also for prognostication[2,3]. In 
addition, the imaging of other visceral organs may also become necessary for the 
diagnosis of extra-pulmonary diseases and complications related to COVID-19[4-6].

However, many of the imaging findings in COVID-19 can be nonspecific, and there 
can be occasional discrepancies between the imaging and clinical features seen in these 
patients[7,8]. Moreover, on occasions, extrapulmonary disease may dominate in some 
patients, and pre-existing major illnesses (such as heart failure, liver diseases, chronic 
kidney disease and malignancies) with the acquisition of COVID-19 illness may pose 
additional diagnostic dilemmas[9-14]. Therefore, it is important to review the sensitivity, 
specificity, positive and negative predictive values of each imaging technique used for 
the diagnosis of COVID-19 cases, and to identify the discordance that can exist 
between clinical and imaging features for the optimal care of patients with the disease. 
In this evidence-based review, we discuss these discrepancies that clinicians should be 
aware of, in order to manage patients with COVID-19, with the aid of three clinical 
case scenarios.

Case 1
A 46-year-old male without any major past medical illness attends the emergency 
department (ED) with history of fever, dry cough, and intermittent dyspnoea over the 
past three days. His pulse oximetry showed an oxygen saturation of 92% while 
breathing ambient air, with an arterial blood gas analysis showing mild hypoxaemia 
(PaO2 9.3 kPa, PaCO2 3.82 kPa and pH 7.47). A chest X-ray (CXR) showed bilateral 
extensive airspace disease (Figure 1A). His full blood count showed neutrophilic 
leucocytosis with lymphopenia and the C-reactive protein (CRP) was elevated (232 
units/L; normal < 7). The reverse transcriptase polymerase chain reaction (RT-PCR) 
test was positive for SARS-CoV-2 RNA confirming COVID-19 pneumonia. Manage-
ment with oxygen at 2 L/minute through nasal cannula and oral dexamethasone 6 mg 
daily was commenced, as per the hospital protocol. This resulted in a rapid resolution 
of his hypoxaemia and he was discharged home on the third day of admission. A 
subsequent chest radiograph after 8 wk showed complete resolution of the pulmonary 
findings (Figure 1B).

Case 2
A 62-year-old lady with poorly controlled type 2 diabetes mellitus and hypertension 
presents at the ED with fever, loss of smell and taste, dry cough, and progressive 
dyspnoea in the past 2 d. Her pulse oximetry showed an oxygen saturation of 84% 
while breathing ambient air with an arterial gas analysis showing type 1 respiratory 
failure (PaO2 6.3 kPa, PaCO2 5.12 kPa and pH 7.38). A CXR was unremarkable 
(Figure 2A). Her full blood count showed lymphopenia without neutrophilia and CRP 
was 86 units/L. The RT-PCR was positive for SARS-CoV-2 RNA confirming COVID-
19 infection. As the D-dimer was high (8.3 μg/mL; normal < 0.5 μg/mL) with 
disproportionate hypoxaemia and a normal CXR, an urgent computed tomography 
(CT) pulmonary angiogram (CTPA) was done which excluded pulmonary embolism 
(PE), but CTPA showed evidence of bilateral COVID-19 pneumonia (Figure 2B). The 
patient was managed with 40% oxygen via a Venturi mask, intravenous insulin 
infusion, and oral dexamethasone 6 mg daily. The patient’s hypoxaemia worsened on 
the next day requiring invasive ventilation and subsequently died in the intensive care 
unit on the 6th day with multi-organ failure.

Case 3
A 52-year-old lady with a history of well-controlled asthma and hypertension 
presented to the ED with a productive cough and breathlessness for 2 wk. Her pulse 
oximetry showed an oxygen saturation of 93% while on 40% oxygen via a Venturi 
mask. The arterial blood gas analysis showed type 1 respiratory failure (pH 7.43, PO2 
7.34 kPa, and PCO2 5.09 kPa). There was lymphopenia (0.56 × 109/L) without 
neutrophilia and the CRP was 112 units/L. The RT-PCR test was positive and the CXR 
showed bilateral lower zone opacities (Figure 3A). She was treated with oxygen, 
doxycycline, and prophylactic enoxaparin and was discharged in 4 d. One week later 
she presented with syncope, severe breathlessness, chest tightness, tachycardia, 
hypoxia, and hypotension. Troponin I was raised at 205 ng/L (5-14 ng/L), along with 
a raised D-dimer of 6.26 μg/mL. The repeat CXR showed improving bibasilar 
infiltrates (Figure 3B). The CTPA showed bilateral extensive thromboembolism in the 
pulmonary arterial branches (Figure 3C), along with evidence of resolving COVID-19 
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Figure 1 Case 1. A: Chest radiograph (CXR) at the time of admission showing bilateral extensive airspace opacities (arrows); B: The CXR at 8 wk showing 
complete resolution of pulmonary opacities.

Figure 2 Case 2. A: The unremarkable chest radiograph at the time of admission; B: Computed tomographic pulmonary angiography showing evidence of bilateral 
coronavirus disease-19 pneumonia (arrows).

pneumonia (Figure 3D; lung window). She underwent thrombolysis with recombinant 
tissue plasminogen activator, followed by therapeutic enoxaparin for an initial 4 d. She 
was discharged on rivaroxaban 15 mg twice daily for 21 d, followed by 20 mg once 
daily for 3 more mo.

These cases illustrate some of the discrepancies between the clinical and imaging 
features of COVID-19. We aim to update the current evidence on the concordance and 
discordance between imaging and clinical profiles of the disease to empower clinicians 
fighting against the pandemic.

INTRODUCTION TO IMAGING STUDIES IN THE DIAGNOSIS OF COVID-19
The current gold standard for the diagnosis of COVID-19 is a positive RT-PCR test on 
the background of clinical suspicion. The usefulness of RT-PCR as a reference standard 
is limited due to its low sensitivity, sampling errors and the impact of timing of 
specimen collection[15]. RT-PCR testing from a single nasopharyngeal swab in a patient 
with COVID-19 like symptoms has sensitivity of 87%, specificity of 97%, positive 
predictive value (PPV) of 98% and negative predictive value (NPV) of 80%[16]. Because 
of the lower sensitivity, or when RT-PCR is unavailable, imaging tests have been used 
to aid in the diagnosis of COVID-19.

Another major challenge to combating the disease is its unpredictable clinical 
course. There is a heterogeneity in presentations, ranging from asymptomatic patients 
to those with critical illness, with no available prognostic biomarker to effectively 
triage different cohorts[17]. Nearly 40% of transmission is attributed to asymptomatic or 
pre-symptomatic carriers[18,19]. These asymptomatic infected individuals present unique 
challenges since they may not seek medical attention, thus leading to a failure of 
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Figure 3 Case 3. A: The chest radiograph (CXR) at the time of admission showing mild bilateral opacities (arrows); B: CXR on 2nd admission with improving 
bibasilar lung infiltrates; C: Computed tomographic pulmonary angiogram (CTPA) of case 3 showing evidence of extensive pulmonary embolism (arrows); D: The 
CTPA lung window showing resolving coronavirus disease-19 pneumonia (arrows).

interventions that solely rely on identifying symptomatic cases. There have been some 
notable studies that investigate imaging in both symptomatic and asymptomatic 
COVID-19 positive cohorts, to assess any clinically significant findings which may 
guide appropriate management (discussed below).

Although imaging is often imperative for diagnosing, triaging and guiding 
management, there are some drawbacks. There may be hazards of radiation exposure, 
risk of COVID-19 transmission through contaminated equipment and consumption of 
personal protective equipment (PPE), all in the context of global resource constraints. 
The following section investigates the appropriate use of imaging in the assessment of 
different COVID-19 related pathologies, to explore the discrepancies between imaging 
findings and clinical presentation.

IMAGING FOR PULMONARY MANIFESTATIONS OF COVID-19
Chest X-ray
Chest radiographs are routinely used at the time of initial triage to assess for disease 
severity in the context of respiratory tract infections. Although systematic reviews 
have found that CXRs in lower respiratory tract infections do not lead to an impro-
vement in clinical outcome, it is unclear what its role may be in COVID-19 patients[20]. 
CXRs are more readily accessible than other imaging modalities and are associated 
with lower costs. It also allows an immediate assessment of more serious pulmonary 
pathologies such as pneumothorax, pulmonary oedema, pleural effusions, lung 
collapse and masses, although an accurate interpretation may be confounded by 
cardiopulmonary co-morbidities. Furthermore, the disinfection protocols for X-Ray 
machines are more streamlined than other bulkier systems, such as CT, or magnetic 
resonance imaging (MRI), which is an advantage in the era of COVID-19 disinfection 
protocols.

Pormohammad et al[21], conducted a systematic review to compare the laboratory 
and radiographic findings along with outcomes of different corona viruses [(COVID-
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19, SARS, and Middle East respiratory syndrome (MERS)]. 52251 COVID-19 cases, 
10037 SARS cases and 8139 MERS cases were included in the meta-analysis and it was 
seen that 85.6% of COVID-19 patients, 96% of SARS and 74% of MERS had fever at 
time of presentation. Cough was the presenting complaint in 63% in COVID-19 cases, 
54% in SARS and 61% in MERS. Severe complications such as ARDS were found in 
51% of SARS, 29% of MERS and 10.6% of COVID-19 patients. With regards to chest 
imaging, abnormal findings were seen in a large majority of patients with all corona 
viruses; 84% in COVID-19, 86% in SARS and 74% in MERS. The most pertinent 
findings in COVID-19 patients were bilateral distribution of consolidation (76%), 
ground glass opacities (71%), and bilateral lung involvement (77%). Unilateral lung 
involvement was comparatively uncommon and was observed in 16.5% of cases. 
Interestingly, there were no distinguishing imaging features between different corona 
viruses. Between the three diseases, COVID-19 had been more contagious, thus 
resulted in a higher number of deaths despite its lower overall mortality rate[21].

As CXR can be normal in up to 63% of patients with COVID-19 related lung disease, 
a normal CXR does not exclude it[22]. Typical appearances in CXR with high specificity 
for COVID-19 pneumonia are bilateral lower zone predominance and peripheral 
multifocal opacities, which could be in the form of ground glass opacities or GGO 
(68.5%), horizontal coarse linear opacities, or consolidation. The GGOs were shown to 
occur early in the disease course, and it might later progress to consolidation. The 
involvement is bilateral in 72.9%. However, it can be unilateral in 25% of patients with 
COVID-19 pneumonia[22]. However, similar CXR findings can occur in other viral 
pneumonias like influenza pneumonia, organizing pneumonia or with drug reactions. 
Non-specific appearances that are not commonly found in COVID-19 pneumonia 
include unilateral perihilar opacities, diffuse involvement (without zonal preference), 
upper zone predominance, lymphadenopathy, cavitation, or pleural effusion with 
Kerley B lines.

An international panel of thoracic imaging experts released a statement during the 
pandemic for the use of CXR, CT and ultrasound in both suspected and confirmed 
COVID-19 patients[23]. The consensus on the use of CXR is that it cannot reliably 
exclude COVID-19 in suspected patients, particularly in the early stages of the disease. 
Although CXR has a low sensitivity (69%) for the diagnosis of COVID-19 because of 
the non-specific imaging features, a positive CXR increases the clinical pre-test 
probability of COVID-19 infection[23]. As mentioned earlier, CXRs are effective at 
excluding other more sinister diagnoses that may be the cause of the patient’s 
symptoms, which may require more immediate medical attention. CXR is not recom-
mended for patients with mild symptoms, as it is often going to be normal in these 
patients, leading to a false reassurance. Thus, the timing of investigation is very 
important, and early investigations will often yield false-negative results. The panel 
also advocated a standardised reporting structure and terminology for CXRs for those 
with suspected or confirmed COVID-19 cases, which will be helpful in comparing 
findings of different studies and between different regions[23].

An Italian study by Schiaffino et al[24], observed that in comparison to RT-PCR for the 
diagnosis of COVID-19 pneumonia, CXR had a sensitivity of 89.0% (95%CI: 85.5%-
91.8%), specificity of 60.6% (95%CI: 51.6%-69.2%), PPV of 87.9% (95%CI: 84.4%-90.9%), 
and NPV of 63.1% (95%CI: 53.9%-71.7%). A Cochrane database systematic review by 
Salameh et al[15] observed that, in patients with confirmed COVID-19, the pooled 
sensitivity of CXR is 82.1% (95%CI: 62.5%-92.7%). Another Cochrane review by Islam 
et al[25] reported that, in patients with suspected COVID-19, the CXR has a sensitivity 
ranging from 56.9%-89.0% and specificity ranging from 11.1%-88.9%. However, neither 
group could perform a meta-analysis due to limited number of studies found[15,25].

Artificial intelligence-based algorithms have also been investigated, which showed 
that it can be used with higher sensitivity and specificity for the differentiation 
between COVID-19 pneumonia and non-COVID-19 pneumonia on CXR[26,27]. In one 
such study by Zhang et al[27], a sensitivity of 88% (95%CI: 87%-89%) and specificity of 
79% (95%CI: 77%-80%) is achieved using a high sensitivity operating threshold. 
Similarly, the authors reported a sensitivity of 78% (95%CI: 77%-79%) and specificity 
of 89% (95%CI: 88%-90%) using a high specificity operating threshold.

A study by Xiao et al[28] explored ways to objectively assess CXRs of COVID-19 
positive patients at the time of admission. The authors also assessed any correlation of 
CXR severity and time to intubation. Their methods involved assigning a COVID-19 
opacification rating score (CORS) by dividing the lung fields on the CXR into 12 zones 
and counting the total number of zones showing opacity. Out of the 140 patients 
included in the study, 48% of patients had a CORS ≥ 6, and this was a statistically 
significant predictor of higher rates of intubation (OR 6.1, 95%CI: 2.1-18.1, P < 0.001). 
Patients with CORS ≥ 6 had an intubation rate of 46%, whereas only 14% were 
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intubated with CORS < 6. There were no significant correlations between a higher 
CORS and age, sex, body mass index or underlying cardiopulmonary comorbidities. 
Inter-rater agreement in cases of CORS ≥ 6 was noted to be moderate/substantial (κ = 
0.65), suggesting the scoring system was reproducible between radiographers. The 
findings of this study show a reliable predictor of early intubation using an objective 
scoring method[28]. CORS or similar scoring criteria could have a role in reliably 
triaging patients with regards to planned intubation to make effective use of hospital 
resources such as ventilators. Although this may not correlate with clinical symptoms, 
it is a useful prognostic tool for risk of intubation.

Chest CT
CT scans have been shown to be a useful first-line screening method since their 
sensitivity has been reported as high as 98%, as opposed to the relatively low 
sensitivity of the RT-PCR test (can be as low as 71%)[29,30]. Consequently, patients are 
seen to exhibit positive CT findings even with negative RT-PCR tests, thus high-
lighting a role in addressing the RT-PCR false-negative cohort[31]. CT chest scans have 
also shown to add value in prognostic information; reports show that asymptomatic 
cases with normal chest CTs have shorter periods from diagnosis to being COVID-
negative, than cases with positive CT findings[32]. The limitation with this modality 
includes an increased exposure to radiation, higher costs, nephrotoxic contrast media, 
and a more time-consuming disinfection protocol.

A review into the imaging findings of COVID-19 found that CT was more sensitive 
than chest radiographs, and offers more unique findings which allows it to be useful 
even in the early disease stages[33]. The typical findings observed include multifocal 
GGOs in the subpleural regions, patchy consolidation in the posterior and lower lobes 
which can develop into a crazy-paving pattern in later disease stages due to thickening 
of the interlobular or intralobular septum, and reverse CT halo sign (which are 
characteristic of the organizing pneumonia). Atypical findings include lung nodules, 
cavitation, pleural effusions, and lymphadenopathy[33-36]. There have also been reports 
that findings of GGO are more common than consolidation in asymptomatic cases, 
whereas the opposite was observed in symptomatic patients[37]. The sensitivity and 
specificity for the diagnosis of COVID-19 using CT scans is highest if GGO is observed 
simultaneously to one or more of the other aforementioned CT features (specificity: 
89%, sensitivity: 90%)[38]. The diagnostic odds ratio of GGO with at least one other 
feature is reported as 20, and is significantly higher than any sign in singularity.

Unenhanced CT chest scans may be considered as the best imaging modality to 
assess the extent of pulmonary involvement in patients with suspected COVID-19 
pneumonia[39,40]. The COVID-19 Reporting And Data System is a categorical CT assess-
ment scheme based on unenhanced CT chest in patients with suspected COVID-19 
infection, where the level of suspicion increases from very low to very high. A 
summary of CT observations and their interpretation, as well as classifications into 
various categories, is given in Table 1[41].

However, some suggest that CT imaging findings may not correlate with sympto-
matology. Nearly 54% patients showed a normal CT scan within 2 d of symptom 
onset, indicating that a negative CT scan should not exclude COVID-19 in patients that 
have relevant symptoms and exposure[42]. In some cases, an initially negative CT scan 
within 2 d of symptom onset would become positive when repeated at a later stage[33]. 
Another review that investigated the CT findings in asymptomatic COVID-19 positive 
cases showed that among 63% of patients who had positive CT findings, 58% 
remained asymptomatic, however the remainder developed the symptoms[43]. Out of 
those who developed symptoms, 90% had previously shown positive CT scans. This 
important study proves the need for close clinical monitoring of asymptomatic cases 
with radiographic findings since a significant percentage will become symptomatic.

Although CT scans are more effective in identifying COVID-19 related changes than 
CXR in the early disease stages, it still has limited sensitivity and negative predicative 
value for ruling out COVID-19 infection. A Cochrane database systematic review by 
Salameh et al[15], observed that, in patients with confirmed COVID-19, the CT chest has 
a pooled sensitivity of 93.1% (95%CI: 90.2-95.0), though the studies had considerable 
heterogeneity. However, in suspected cases where CT scans were used as a first-line 
diagnostic test, the sensitivity was 86.2% (95%CI: 71.9-93.8), and the specificity was 
only 18.1% (95%CI: 3.71-55.8) with a high degree of heterogeneity. A subsequent 
Cochrane review by the same group observed similar findings with a pooled 
sensitivity of 89.9% (95%CI: 85.7-92.9), and a pooled specificity of 61.1% (95%CI: 42.3-
77.1), in patients with suspected COVID-19[25]. These systematic reviews indicate that, 
in suspected patients, CT chest may not be able to differentiate COVID-19 from other 
respiratory illnesses. Therefore, CT chest should not be used as a stand-alone tool for 
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Table 1 Coronavirus disease-19 Reporting and Data System category of computed tomography reporting and the level of suspicion for 
coronavirus disease-19[41]

Category Level of suspicion Summary of CT observation and interpretation

CO-RADS 0 Cannot interpret Due to technically insufficient CT scan

CO-RADS 1 Very low Normal CT chest or non-infectious CT chest

CO-RADS 2 Low Typical for other infections like lobar consolidation

CO-RADS 3 Equivocal Features compatible with COVID-19 & other infections

CO-RADS 4 High Suspicious CT features of COVID-19

CO-RADS 5 Very high Typical CT features of COVID-19

CO-RADS 6 Proven (RT-PCR) RT-PCT positive for SARS-CoV-2 RNA

CT: Computed tomography; CO-RADS: Coronavirus disease-19 Reporting and Data System; COVID-19: Coronavirus disease-19; SARS-CoV-2: Severe 
acute respiratory syndrome coronavirus 2; RT-PCR: Reverse transcriptase polymerase chain reaction.

an early assessment of COVID-19 status and, in an ideal setting, may be best used in 
combination with RT-PCR. This would accommodate for the low sensitivity of RT-
PCR, thus giving a more holistic approach for COVID-19 diagnoses. Similarly, CT 
chest scans can also be used in those patients with negative RT-PCR, but with typical 
symptoms of COVID-19, to address the false-negative cohort.

The reduced specificity of the CT scans could partly be due to the lower sensitivity 
of the reference standard (RT-PCR). A systematic review by Kovács et al[44], observed 
that CT chest has a high sensitivity (67%-100%), and low specificity (25%-80%), 
whereas the RT-PCR has only a modest sensitivity (53%-88%). They applied a reverse 
calculation approach, after considering CT chest as a hypothetical gold standard. The 
reverse calculation approach showed that CT could have a higher specificity (83%-
100%), once the modest sensitivity of RT-PCR is considered. Similarly, an Italian study 
by Falaschi et al[45], observed that, when compared to RT-PCR, CT chest has a sensi-
tivity, specificity, PPV, NPV, and accuracy of 90.7%, 78.8%, 86.4%, 85.1% and 85.9%, 
respectively. A recent French study by Herpe et al[46], observed that CT chest has a 
sensitivity of 90% (95%CI: 89%-91%), specificity of 91% (95%CI: 91%-92%), PPV of 89% 
(95%CI: 87%-90%), and NPV of 92% (95%CI: 91%-93%), when compared to RT-PCR.

Furthermore, CT scans can be utilised to closely monitor disease progression since 
imaging features have been observed to follow a predictable time course. Following 
symptom onset, the severity of CT findings progresses rapidly to peak at 6-11 d, from 
which it shows slow resolution, and the disease course can be classified into four 
stages[33]. In the early stage (0-4 d), GGOs are seen in the subpleural lower lobes. This is 
followed by a progressive stage (5-8 d) where multiple, diffuse GGOs are seen in 
bilateral lobes with crazy-paving and /or consolidation. In the next peak stage (9-13 
d), there are extensive GGOs with dense consolidation and crazy paving pattern with 
or without parenchymal bands. Lastly, the absorption stage (over 14 d) shows gradual 
resolution with an absence of crazy paving. These stages have been echoed by other 
studies as well[47].

In addition to the four similar temporal stages of CT findings, Kong et al[48], noted 
the presence of fibrosis-like strips in the lower lobes and their median time of 
appearance was 4.5 d after disease onset. Among 88% of the cases, these strips 
disappeared within 9-20 d. This study also noted a correlation between sympto-
matology and CT findings. Nearly 14/22 patients had resolution of fever during the 
progressive stage, and all patients that had cough showed resolution during the last 
‘dissipation stage’ (akin to the above absorption stage). Since this was a small study, 
correlations between clinical and imaging findings cannot be conclusively stated.

A semi-quantitative scoring system was developed to correlate the extent of 
pulmonary involvement with the clinical stage of the disease and laboratory findings 
to assess the role of CT in predicting short-term outcomes including mortality[49]. The 
scoring system involved considering the extent of anatomical involvement to each of 
the 5 lung lobes, with each lobe involvement being visually scored from 0 to 5, as 
given in Table 2. This was then combined to get a sum for a total CT score that ranged 
from 0 (no involvement) to 25 (maximum involvement). Francone et al[50], observed that 
the CT score to be significantly higher in critical and severe cases compared to other 
groups. Moreover, the CT score was significantly correlated with CRP and D-dimer 
levels. A total CT score of over 18 was associated with an increased mortality risk and 
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Table 2 Extent of lung involvement and the corresponding computed tomography scores[47,49]

CT score Extent of lung involvement 

Score 0 No lung involvement

Score 1 < 5% lung involvement

Score 2 5%-25% lung involvement

Score 3 26%-50% lung involvement

Score 4 51%-75% lung involvement

CT: Computed tomography.

was predictive of death in univariate analysis and multivariate analysis [HR 8.33 
(95%CI: 3.19-21.73; P < 0.0001), and 3.74 (95%CI: 1.10-12.77; P = 0.0348) respectively]. 
This system, although reliant on subjective CT reporting, shows how CT can be used 
for prognostication. Inter-rater agreement should be measured in future studies to 
understand the reliability between different reporters and institutions.

Pan et al[47], studied the extent of lung involvement using the total CT score in 
various stages of the diseases and they observed that the total CT score peaked at the 
10th day of illness. In their study the total CT score in stage 1 (early stage) was 2 ± 2, in 
stage 2 (progressive stage) it was 6 ± 4, in stage 3 (peak stage) it was 7 ± 4, and in stage 
4 (absorption stage) it was 6 ± 4. Moreover, the lung involvement increased, and 
consolidation was observed up to 2 wk after the onset of the disease. Thereafter, 
consolidation was absorbed, leaving extensive GGO and sub-pleural parenchymal 
bands.

Patients with severe COVID-19 infections requiring hospitalization (even those who 
are not critically ill) are at high risk of venous thromboembolism (VTE), and a 
significant proportion would develop VTEs even while on standard prophylactic 
anticoagulation therapy[51]. The incidence of VTE in patients admitted to the intensive 
care unit, even after receiving standard prophylactic anticoagulation therapy with low 
molecular weight heparin (LMWH), is nearly 25%[52]. A recent study by Jalaber et al[53], 
observed that the prevalence of acute pulmonary embolism at initial presentation in 
unselected (severe and non-severe) COVID-19 patients is less than 6%. They observed 
that most patients who developed acute pulmonary embolism had D-dimer levels 
above 5000 ng/mL. Moreover, the median interval between symptoms onset and 
pulmonary embolism was 7 d. Thus, acute PE occurred in the second stage of COVID-
19 illness corresponding to the cytokine storm[54]. Current explanations for the 
pathogenesis of COVID-19-associated hypercoagulability include hypoxia and 
systemic inflammation secondary to COVID-19 that may lead to high levels of 
inflammatory cytokines and the consequent activation of the coagulation pathway. 
However, the exact mechanisms causing thromboembolic episodes remain elusive. 
Though disseminated intravascular coagulation was suggested as one of the 
pathogenic mechanisms, a recent study by Martín-Rojas et al[55], has not shown an 
evidence for consumption coagulopathy in these patients.

A recent National Institute for Health and Clinical Excellence guideline recom-
mends initiating standard prophylactic anticoagulation with LMWH, fondaparinux, or 
unfractionated heparin, and to continue them for the duration of hospitalisation or 7 d, 
whichever is longer[56]. Patients requiring advanced respiratory support in the form of 
invasive mechanical ventilation, bi-level positive airway pressure, continuous positive 
airway pressure or extracorporeal membrane oxy-genation can be considered for 
doubling the standard prophylactic dose of LMWH, which is also known as 
intermediate-prophylactic dose (off-label indication).

Routine use of CTPA as the first-line imaging modality in patients with suspected 
COVID-19 pneumonia is not justifiable due to the deleterious effects of contrast 
administration in patients at high risk of developing acute kidney injury (particularly 
those that are elderly and those with diabetes). Artificial intelligence-based algorithms 
have been developed to evaluate diagnostic test accuracy of CT chest in diagnosing 
COVID-19 lung disease[57]. A recent study using multinational database found that 
artificial intelligence-based algorithms exhibited 90.8% accuracy, 84% sensitivity and 
93% specificity in the detection of COVID-19 pneumonia in the CT chest, indicating 
that these algorithms can readily identify COVID-19 pneumonia in CT chest imaging, 
and can distinguish non-COVID-19 related pneumonias with high specificity[58].



Kumar H et al. Discrepancies in clinical and radiological profiles of COVID-19

WJR https://www.wjgnet.com 84 April 28, 2021 Volume 13 Issue 4

Lung ultrasound
The use of lung ultrasound (LUS) is gaining interest in the context of COVID-19. 
However, its usefulness in diagnosis is still uncertain[23]. The modality has unique 
advantages since it is quick and cheap to use, non-invasive, easily accessible, easily 
sterilised, and it does not involve radiation. It also allows an immediate exclusion of 
other causes of symptomatology, including myocardial injury and pneumothoraces[59]. 
This bedside test also negates having to move infected patients from their isolated 
hospital areas (e.g., into CT scanners), and offers a rapid assessment of lung infection, 
and also offers an alternative investigation to those who cannot accept CT scans (i.e., in 
pregnant patients). However, it is reliant on an operator with sufficient expertise, and 
it is difficult to gain useful information about deeper structures. As with CT scans, the 
sensitivity and specificity are thought to increase with severity of infection[60]. In a 
Cochrane Database systematic review, it was observed that in suspected COVID-19 
patients, the LUS has a sensitivity of 96.8% and a specificity of 62.3%[25].

It is reported that the evaluation of respiratory failure in critically ill patients is 
better done with LUS than CT or CXR, especially in the context of ARDS and pneu-
monia[33,61,62]. LUS can also be used to define severity and progression of COVID-19 
associated lung changes, with different stages of the disease being characterised by 
typical findings. On US scans, normal reverberation artifacts of pleural lines show as 
motionless and regularly spaced lines perpendicular to the pleura – these are A-lines. 
From the pleural lines, vertical linear artifacts which arise from thickened interlobular 
septa and other subpleural structures represent B-lines. The number of B-lines 
increases as the lung density increases and with reduced air content, which indicates 
pulmonary interstitial pathology. Mild-moderate disease will show scattered B lines, 
thickened pleural lines, skip lesions (alternating areas of B lines with A lines), along 
with small consolidations (around 1 cm). In severe disease, B lines become confluent, 
and consolidation increases. Furthermore, in critically ill COVID-19 patients, extensive 
coalescent and disappearing B lines affecting upper and anterior lungs, with 
corresponding consolidation are observed[33,63,64]. Apart from the physiological A lines, 
and pathological B lines, other artifacts such as C, E and Z lines, have been descri-
bed[65]. Moreover, as consolidation increases, the echogenicity of the lung changes to 
resemble that of the liver (‘hepatic pattern’), while also demonstrating changes to the 
bronchi morphology. The ‘shred sign’ denotes the shredded appearance at the 
interface between consolidation and normal lung; this is thought to be the most 
specific sign of pneumonia in LUS[66,67].

According to most studies, these findings are non-specific and there are no 
pathognomonic LUS signs of COVID-19 that can be used to establish a definitive 
diagnosis. In some studies, however, point of care ultrasound (POCUS) of the lungs 
done in the emergency department exhibited a strong correlation with CT scan 
findings in COVID-19 patients[68]. A recently published study by Haak et al[69], showed 
that the POCUS has an overall sensitivity of 89% (95%CI: 70%-97%), specificity of 59% 
(95%CI: 46%-71%), PPV of 47% (95%CI: 33%-61%), and NPV of 93% (95%CI: 79%-98%). 
In patients without past medical history of cardiopulmonary disease, POCUS has a 
sensitivity of 100% (95%CI: 70%-100%), specificity of 76% (95%CI: 54%-90%), PPV of 
67% (95%CI: 41%-86%), and NPV of 100% (95%CI: 79%-100%).

In addition, Millington et al. established four probabilities of disease manifestations 
on LUS. High probability LUS patterns include bilateral and multifocal clusters of B-
lines, alternating with normal lung, with some peripheral consolidation[63]. Inter-
mediate LUS patterns involve unilateral clusters of B lines with or without peripheral 
consolidations. Alternate LUS patterns are observed with large consolidation or 
effusions and symmetrical B-lines. This may suggest alternative diagnosis such as 
cardiogenic pulmonary oedema. Low probability LUS patterns is characterised by 
generalised bilateral A-line pattern and may also indicate an alternative diagnosis. 
LUS is observed to have positive findings in early stages of pneumonia, and before 
disease symptomatology[64]. Extrapolating this further, US may have a role in early 
diagnosis and monitoring of COVID-19 positive patients, especially in the critical care 
setting and in pregnant women, where there is a high threshold for the use of other 
modalities. Table 3 compares the sensitivity, specificity, PPV and NPV of various lung 
investigations that were used in the diagnosis of COVID-19 infection, where RT-PCR is 
considered as the gold-standard and the other modalities are compared to it.

MRI
Thoracic MRI can be used as a radiation-free tool for the evaluation of lung paren-
chyma in high-risk patients with COVID-19 infection including pregnant women and 
children, in whom ionizing radiation should be avoided. Movement artfacts and the 



Kumar H et al. Discrepancies in clinical and radiological profiles of COVID-19

WJR https://www.wjgnet.com 85 April 28, 2021 Volume 13 Issue 4

Table 3 Efficacy of reverse transcriptase polymerase chain reaction, chest X-ray, computed tomography chest, and lung ultrasound in 
the diagnosis is of coronavirus disease-19 [16,24,43,44,69]

Sensitivity Specificity PPV NPV

RT-PCR 87.0% 97.0% 98.0% 80.0%

CXR 89.0% 60.6% 87.9% 63.1%

CT-chest 90.0%-90.7% 78.8%-91.0% 86.4%-89.0% 85.1%-92.0%

Lung US 89.0% 59.0% 47.0% 93.0%

CT: Computed tomography; RT-PCR: Reverse transcriptase polymerase chain reaction; CXR: Chest X-ray; US: Ultrasonography; PPV: Positive predictive 
value; NPV: Negative predictive value.

low proton content of normal lungs make its evaluation by MRI difficult[70]. However, 
the consolidation and ground-glass opacities occurring in patients with COVID-19 
pneumonia cause an increase in proton content and signal intensity of the lungs. 
Moreover, advanced technologies such as T2-weighted spin-echo PROPELLER MRI 
sequences provide rapid acquisition of images, with better quality and with lesser 
artefacts, in as quick as 3 min.

A study that compared the findings on CT chest and MRI chest in patients with 
COVID-19 infection revealed that 90% of patients had ground-glass opacities in CT 
and MRI[71]. Consolidation was observed in nearly 45% of patients in both CT and MRI. 
Moreover, nodules were detected in 37.5% by CT and in 34.4% by MRI. In summary, 
when compared to CT chest, in the detection of lung nodules, MRI chest has a 
sensitivity of 91.7%, specificity of 100%, positive predictive value of 100%, and 
negative predictive value of 95.2%. Another study, in which ultrashort echo time MRI 
was compared with conventional CT imaging in patients with COVID-19 infection, 
showed that there is substantial agreement for detecting the typical lesions of COVID-
19 pneumonia, including pure GGOs, pure consolidation, and GGOs with consoli-
dation[72].

Myocardial injury characterized by troponin elevation is seen in nearly 17% of 
patients with COVID-19 infection[73]. Many of these patients might develop new onset 
left ventricular systolic dysfunction of uncertain aetiology, as observed on fast bedside 
echocardiography. The cardiovascular magnetic resonance (CMR) done in these 
patients might also show interstitial myocardial oedema, contractile dysfunction, 
cardiomyocyte necrosis, or myocardial fibrosis[74]. The pulmonary magnetic resonance 
angiography (MRA) might facilitate direct visualisation of filling defects in the 
pulmonary arteries and/or as parenchymal perfusion defects. The CMR protocol for 
the cardiovascular structures can be combined with the MRI protocol for the 
pulmonary arterial tree and lung parenchyma; this combined cardiothoracic-MRI 
protocol might save precious time in these critically unwell patients[75]. Cranial MRI is 
a useful investigation in the evaluation of anosmia[76].

Positron emission tomography
The positron emission tomography (PET) scan is not considered as one of the primary 
diagnostic modalities in patients with COVID-19 infection, even though it possesses 
high sensitivity to detect subclinical infection. The disadvantages of PET include low 
specificity, high cost, prolonged exposure time, and time-consuming decontamination 
process. However, prompt detection of COVID-19 infection and early initiation of 
supportive treatment in patients undergoing PET for other indications including 
malignancies and other immunocompromised states could improve survival[77].

IMAGING FOR THE EXTRA-PULMONARY MANIFESTATIONS
Neuroimaging
COVID-19 infection also has impacts on the nervous system. Patients often present 
with anosmia, ageusia, headache, stroke, impairment of consciousness, seizures, and 
encephalopathy. These nonspecific manifestations warrant cranial imaging with CT or 
MRI to exclude severe acute manifestations including intracranial haemorrhage, 
cerebral venous sinus thrombosis, stroke, and encephalomyelitis[78]. A systematic 
review of five observational studies found that 24% of COVID-19 positive patients 
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presented with neurological features, while not suffering from any respiratory 
symptoms[79]. The pooled incidence of acute stroke was estimated to be 1.2% with a 
high mortality rate of 38% in these patients. The mean age of patients considered was 
63.4 years and it was thought to be difficult to establish a causal relationship between 
COVID-19 and cerebrovascular stroke due to co-existent cardiovascular comorbidities. 
In addition, clinicians need to be aware of immune mediated complications such as 
Guillain-Barre syndrome and acute disseminated encephalomyelitis. Mood disorders 
and psychosis are also some of the documented neuropsychiatric disorders associated 
with COVID-19[80].

Although the neurological symptoms may be quite dramatic, the imaging may not 
show any positive findings[81]. If present, positive findings on cranial imaging include 
evidence of cerebrovascular diseases with haemorrhagic or non-haemorrhagic 
infarction, cerebral venous thrombosis, thrombotic microangiopathy, infectious and 
inflammatory diseases, acute disseminated encephalomyelitis and other demyelinating 
diseases including white matter demyelinating diseases[82]. Patients with severe 
COVID-19 infection and subsequent intensive care unit admission may develop 
neurological sequalae; this is thought to be due to brain ischaemia, however, one must 
rule out the possibility of chronic neuro-inflammation and demyelination during 
follow up appointments of recovered patients. Hence, neuro imaging should be 
organised to exclude demyelinating diseases including multiple sclerosis[83].

Cardiovascular imaging
Cardiovascular complications were demonstrated in various studies in patients 
affected by COVID-19. Appropriate multi-modality imaging should be considered 
depending on the clinical manifestations of the disease, which are all part of a 
nonspecific spectrum of symptoms. Considering the easy availability and feasibility of 
bedside US scans, any patients with suspected cardiovascular symptoms should be 
directed to a preliminary echocardiography to assess for ischaemic or non-ischaemic 
myocardial injury and pericardial pathologies[84]. The clinical severity of cardiovascular 
symptoms helps to determine the appropriate imaging and interventions, with 
consideration to the laboratory investigation results. Mild symptoms warrant bedside 
US scans which have the advantage of being radiation free, portable, repeatable, quick, 
and inexpensive and can be performed in isolation with minimal risk of spread of 
infection[85].

In an acute clinical set up, the role of cardiac CT and MRI are reserved for patients 
with more serious or inconclusive symptomatology and the evidence for their use is 
still mounting. Although chest CT scan provides detailed information on the 
mediastinum and the lungs, early changes of myocardial oedema is best appreciated 
on cardiac MRI. The use of cardiac imaging by CT and MRI are limited by their 
availability, time, cost, and patient factors. It is also recognised that comorbid cardiac 
pathologies complicate the clinical picture of COVID-19 positive patients. In addition 
to worsening the pre-existing cardiovascular disease, COVID-19 infection can cause 
primary infective/inflammatory changes in myocardium and pericardium with 
possible myocarditis, myopericarditis, myocardial ischaemia and pulmonary emboli[59].

Abdominal imaging
Approximately 16% of COVID-19 patients present with gastrointestinal symptoms 
with or without respiratory symptoms[86]. In one study by Behzad et al[87], 0.5%-19% of 
patients showed some form of renal dysfunction, and it is observed that renal 
dysfunction in COVID-19 can be caused by a direct endothelial invasion of the 
glomerular capillaries (endotheliitis)[88]. The knowledge of this is particularly impor-
tant when planning a contrast enhanced CT scan or MRI due to the risk of inducing 
contrast nephropathy[89]. Several COVID-19 patients demonstrated abnormal liver 
function but there are no specific diagnostic features. Imaging by US scan and CT 
showed hepatic steatosis, which is also a nonspecific finding, which could be 
attributed to pre-existing changes or even due to drug induced pathologies[81]. In more 
severe COVID-19 infection, multi organ disease can also manifest as septic shock, 
refractory metabolic acidosis, and coagulation dysfunction[90].

It was also observed that COVID-19 infected patients shed detectable traces of virus 
in faeces. It is found that the stool samples remain positive for viral RNA after 
respiratory samples became negative[91]. This implies that the health care workers 
dealing with suspected or confirmed COVID-19 patients requiring endoscopy and 
collecting faecal samples during patient recovery should be done with proper use of 
PPEs. On CT imaging of the abdomen in COVID-19 positive patients, the nonspecific 
findings include small and large bowel wall thickening, fluid filled colon, pneumatosis 
intestinalis, pneumoperitoneum, intussusceptions, and ascites[86]. A small study in 
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COVID-19 infected pregnant ladies showed that there are no specifically different 
aspects of the disease and the findings are just as nonspecific as in the general 
population[92].

DISCUSSION 
Why can there be clinical and imaging discrepancies among COVID-19 patients?
CT chest images of some COVID-19 patients showed apparent lesions in the lungs, yet 
the RT-PCR repeatedly showed negative results until eventually turning positive[93]. 
This discrepancy is due to the increased sensitivity of CT chest compared to RT-
PCR[45]. Among imaging studies themselves, there exist discrepancies in the diagnostic 
yield, especially when imaging is done in the early stages and in patients with mild 
COVID-19 infections[94]. Moreover, interstitial pneumonia is one of the most common 
features of COVID-19[95]. The CXR is less sensitive in detecting interstitial pneumonia, 
in comparison to high resolution CT chest. There is a high thromboembolic risk 
associated with COVID-19. Many of these patients may present simply with dyspnoea 
and type 1 respiratory failure where a normal CXR or non-contrast CT chest often 
would not exclude pulmonary thromboembolism. Prompt evaluation with CTPA or 
MRA should be considered when such clinic-imaging discrepancy is present.

Certain patients with extensive pneumonic changes in CXR will come off oxygen 
and could be discharged soon after admission, whereas some other patients without 
extensive pneumonic changes succumb to the disease. This is mostly related to the 
varied propensity to develop the cytokine storm syndrome, which is responsible for 
acute respiratory distress syndrome, multiorgan failure and death[96].

Discrepancies among children and young adults
The clinical and imaging features of COVID-19 can be different from that of middle- 
and old-age adults. This is often related to milder course of the clinical illness in most 
of these patients. Consolidations with surrounding halo signs were peculiar to 
paediatric COVID-19 pulmonary disease, probably resulting from underlying coin-
fections[97] whereas the imaging features were different among older adults as 
described earlier. Paediatric cases less commonly show a peculiar presentation of 
COVID-19 known as multisystem inflammatory syndrome in children (MIS-C). The 
chest radiographic features of MIS-C include pleural effusions and opacifications of 
lower lung zones[98].

Young adults and adolescents are usually affected by less severe attack of SARS-
CoV-2 virus compared to middle aged and older adults. Therefore, the clinico-
radiological features of such patients are expected to be different from those among 
older adults. This discrepancy could be explained by more profound virus-related 
immune dysfunction in the latter age-groups and the associated co-morbidities[99]. 
There seems even a gender preponderance in the severity of COVID-19, with males 
affected more than the females, necessitating longer periods of hospitalisation, 
intensive care unit admissions, and mortality[100].

CONCLUSION
Although the advent of RT-PCR testing for COVID-19 has undoubtedly been crucial in 
combating the disease, its diagnostic utility remains limited due to its relatively low 
sensitivity. For this reason, imaging tests are now gaining focus to aid the diagnosis in 
clinical scenarios where the RT-PCR result is inconclusive. Since most symptoms relate 
to the respiratory system, the use of chest imaging plays a crucial role in diagnosis. 
CXRs are a quick and useful tool for an immediate assessment of thoracic pathology. 
However, it must be noted that its sensitivity for diagnostic purposes is far from 
perfect, owing to the lack of specificity in findings seen in COVID-19. It must be noted, 
however, that chest radiographs with COVID-19 opacification rating score is a 
significant predictor of the need for intubation, while exhibiting reproducibility 
between reviewers.

CT scans, on the other hand, show good sensitivity compared to RT-PCR, however 
its specificity is less. Combined observation of GGO and one other sign of pneumonia 
(septal thickening, consolidation, or pleural effusions) is the most specific and sensitive 
sign for COVID-19. CT has been shown to be useful for disease monitoring as it is can 
be used to map the disease in its temporal stages. The advantage of CT chest is that it 
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gives both diagnostic and prognostic information. However, the limitations with CT 
chest (either unenhanced or CTPA) includes the cost, increased radiation exposure, 
and the difficult as well as time-consuming disinfection protocols. LUS has been 
proven to be superior to CT and CXR in the assessment of critically ill patients, 
especially with ARDS and pneumonia and can be used to monitor disease progression, 
severity, and resolution. Again, the findings are non-specific and there are no 
pathognomonic findings to indicate a COVID-19 diagnosis. MRI of lungs has recently 
emerged as a highly sensitive and specific imaging tool for diagnosis of COVID-19 
lung disease especially when CT scans pose higher radiation risk among children, 
adolescents and pregnant women.

With regards to extra-pulmonary manifestations of COVID-19, imaging plays a key 
role in identifying and monitoring these impacts. Neurological sequelae are common 
and range from ischaemic injury to demyelinating conditions. Thus, neurological 
imaging is paramount in those with symptoms, and it is equally important to use them 
during follow up. Cardiac imaging can be in the form of echo, or cardiac CT/MRI, and 
the symptom severity and clinical suspicion of an underlying cardiac diagnosis will 
guide clinicians to use a specific modality. Abdominal symptoms are often present in 
COVID-19 patients and require monitoring. A significant proportion of patients may 
also suffer from renal impairment. Thus, imaging and laboratory tests are needed to 
monitor this, especially since contrast enhanced imaging is often required for those 
that are most ill.

In summary, there have been lots of studies to inform imaging practices in COVID-
19 patients, and the evidence is being gathered to highlight their usefulness in the 
context of this diagnosis. This review highlights the appropriate uses of imaging in 
COVID-19, and how it may guide clinical management. Despite there being data on 
what imaging findings are to be typically expected, there seems to be a paucity of 
literature in correlating imaging findings with clinical symptomatology. Further 
research is needed to elucidate this, since it could have significant clinical implications 
in patient management.
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Abstract
Worldwide experience about coronavirus disease 2019 (COVID-19) pandemics 
suggests that symptomatic disease is significantly less frequent in the pediatric 
age range. Nevertheless, multi-system inflammatory syndrome has been consis-
tently reported in children and has been associated with severe acute respiratory 
syndrome coronavirus 2 exposure. In this paper we give an overview of the 
multimodality chest imaging of pediatric patients with suspected COVID-19, 
focusing on relevant differences with adults.
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Core Tip: Although the pattern of lung involvement of coronavirus disease 2019 in 
children reproduces the pathology described in the general population, traditional 
imaging modalities have several limitations in this age group. Specific and unique 
findings are mainly related to the occurrence of multi-system inflammatory syndrome 
which is a peculiar complication reproducibly reported in the pediatric population. This 
syndrome is characterized by occurrence of atypical symptoms as compared with 
presentation in adult and multimodality imaging approach has to be contemplated.
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INTRODUCTION
Coronavirus disease 2019 (COVID-19) in its most frequent clinical manifestation 
causes a respiratory syndrome, due to a single stranded RNA beta coronavirus 
infection, that may results in acute respiratory distress syndrome. Due to the clinical 
association of this new virus with the onset of a respiratory syndrome it has been 
named severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). However, it 
has been shown that many organs and tissues, including heart, vessels, and brain may 
be involved in SARS-CoV-2. Furthermore COVID-19 has been repeatedly reported in 
the pediatric population. Among the 962 million people infected worldwide so far, the 
pediatric age group constitute less than 2%. Overall atypical and asymptomatic 
infections are more frequent in children. This might be due to a lower exposure or less 
susceptible lung barrier due to immature angiotensin enzyme-2 receptors[1,2].

Likewise in adults, COVID-19 in infants is characterized by a background of 
inflammatory activation that may involve different tissues and organs in different 
phases. In those area particularly hit by the virus during the first pandemic phase, we 
observed a surge of mucocutaneous inflammatory syndrome resembling Kawasaki 
disease[3,4]. This condition has been subsequently named multisystem inflammatory 
syndrome in children (MIS-C) associated with COVID-19[5,6].

The proteus clinical presentation of COVID-19 in children together with the possible 
occurrence of MIS-C prompt a different diagnostic approach in this age group as 
compared to adults. (Table 1) Differently from the general population data about 
image findings in pediatric COVID-19 are scant and sometimes conflictual.

We aim to provide an overview of peculiarity of thoracic diagnostic algorithm in the 
pediatric age group, focusing relevant differences with adults.

METHODS
For this narrative review the following keywords: COVID-19, SARS-CoV-2, radiology, 
imaging and pediatric in different combinations. Papers were screened accordingly to 
the information provided in the abstract. Only manuscripts written in English and 
focused on the thoracic district were deemed eligible for inclusion. Within the 
pediatric age group we did not consider any specific limit of range and all papers 
dealing with patients younger than 18 years were included point of view papers and 
editorials were also excluded. Additional data were retrieved from the references of 
individual papers, whenever appropriate.

Pathophysiology 
Several pathophysiologic issues have been advocated to explain differences in clinical 
presentation of pediatric patients. In particular, an association between SARS-CoV-2 
infection and a multi systemic inflammatory syndrome has been consistently 
reported[7-10]. Diagnostic criteria of MIS-C include fever, hypotension, evidence of 
cardiac or other end-organ injury together with at least two of the following: maculo-
papular rash, non purulent conjunctivitis, mucocutaneous inflammation and gas-
trointestinal symptoms[6].

This particular presentation, characterized by multi organ inflammation rather than 
severe respiratory syndrome, may be due to a different immune system reactivity and 
a more immature and different distribution of angiotensin-converting enzyme II 
receptor, which is the entry receptor for the virus. The association of syndromes and 
the degree of lung maturity can further contribute to modulate the clinical presen-
tation. As far as the thoracic involvement is concerned, coronary involvement is a rare 
peculiar feature of MIS-C sharing the clinical and anatomic presentation with 
Kawasaki disease[4].

Characteristics of chest X-ray changes in pediatric COVID-19
Although the concept that radiological manifestations of COVID-19 vary among 
different age group, information about sensitivity, specificity and characteristic 
findings of chest X-ray in the pediatric population are limited and conflicting[11].

Chest X-ray may be negative in more than 1/3 of patients in the pediatric group age. 
Reported sensitivity of chest X-ray vary from 25% to 69%[12].

Commonly encountered chest X-ray abnormalities are consolidations and ground 
glass opacities (GGO), differently from the adult variant, peribronchial thickening is 
more frequent in this clinical setting (60% to 80%)[13]. Peribronchial thickening is 
however aspecific and can be seen in other variant of viral pneumonia in children, 
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Table 1 Differences of coronavirus disease 2019 relevant characteristics between adult and pediatric population

Adults Pediatric age group

Epidemiology 97%-98% of 962 million (worldwide) About 2% < 18 yr

Respiratory symptoms frequent Respiratory symptoms not frequent Clinical presentation

Multisystem inflammatory toxic syndrome not frequent Multisystem inflammatory toxic syndrome typical (MIS-C)

Pleuro-pericardial involvement Not frequent Frequent

Myocardial dysfunction Not frequent Frequent in the context of MIS-C

Routinely done, good sensitivity Low sensitivity 

GGO sub-pleural GGO sub-pleural basal

Nodular consolidation Nodular consolidation not frequent

Peri-bronchial thickening not frequent Peri-bronchial thickening frequent

Chest X-RAY

Pleural effusion rare Pleural effusion possible

High sensitivity Good sensitivity, performed inly in selected cases 

GGO sub-pleural GGO sub-pleural basal

Nodular consolidation Nodular consolidation not frequent

Peri-bronchial thickening not frequent Peri-bronchial thickening frequent

CT

Pleural effusion rare Pleural effusion possible

Suggested screening modality Low-dose CT Bed-side echo

MIS-C: Multisystem inflammatory syndrome in children; GGO: Ground glass opacities; CT: Computer tomography.

while hyperinflation, which is another recognized hallmark, was not reported. Reason 
for chest X-ray low sensitivity is the higher prevalence of lower density, smaller size 
and basal opacities, obscured by the diaphragm and hepatic dome[11].

Halo sign, which is deemed to be highly specific of COVID-19, has been observed 
also in 50% of pediatric cases in a published series, while other finding such as crazy 
paving pattern or organizing pneumonia pattern, which have been reported as typical 
in adult with COVID-19, were not consistently reported in pediatric series[13,14].

Finally, pleural effusion is a rare manifestation of COVID-19 in adults and is almost 
uniquely seen in the pediatric age range being associated with involvement of other 
serous cavities in patients with MIS-C.

Computer tomography
Although computer tomography (CT) has a much higher sensitivity likewise chest X-
ray, according to some reports, pediatric patients are three time more likely to have 
normal CT scan as compared to adult. However, pooling together literature data, 
percentage of negative CT is very variable, ranging between 10% and 30%[15,16].

In adults, several series have found that COVID-19 typically presents with peri-
pheral and posterior GGO[17,18]. Opacities may present in a confluent fashion or as more 
delimited scattered round opacities (so called ‘crazy paving patter’). Other peculiar 
findings typical of organizing pneumonia are ‘halo sign’ or ‘reversal halo sign’ [19].

It has been hypothesized that the predominant localization of radiological findings 
at the periphery of the lung and the presence of enlargement of the vessel feeding the 
involved lung area (feeding vessel sign) may be explained by the inflammatory 
involvement of small vessels[20]. Based on these pathogenetic models, standardized 
reporting methodologies have been devised providing also a ranking of suspicious 
according to the presence of cluster of signs[19]. However application of diagnostic CT 
scores based on adult cohorts resulted in low probability of the disease in the pediatric 
population[11]. According to this background, utilization of low dose CT as screening 
tool in children with laboratory inconclusive findings is controversial.

As compared to adults, pediatric series show a lower total number of pulmonary 
lesions and smaller size of them. Bilateral GGO confirmed to be the most common 
finding accounting for almost 90% of the positive scans[16,21]. Likewise general popu-
lation GGO may present different stage of consolidation (halo sign) in 50% of cases. As 
previously discussed about chest X-ray, peribronchial and bronco-vascular thickening 
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are more common in children[22,23].

Role of thoracic ultrasounds
Lung ultrasounds (LUS) is consistently used in the diagnostic process of different lung 
diseases in both adults and children[24,25].

Among patients with suspected or ascertained COVID-19, elementary ultraso-
nographic findings in the context of lung injury are: Normal lung sliding, B lines, that 
are perpendicular hyperechogenic streaks due to loss of aerated space, subpleural 
nodules, pleural effusion. Clusters of these signs have been described in association 
with different probability and severity of the disease[26]. Evidences about diagnostic 
accuracy in patient with COVID-19 in the pediatric age group is limited to small series. 
According to these data LUS, although less sensitive than CT, is more sensitive than 
chest X-ray[27]. In the largest multi-center cohort of 40 children with suspected COVID-
19 undergoing LUS, the diagnosis of pulmonary involvement was done in 10 out of 12 
patients with positive CT findings, in seven of whom chest X-ray was normal[28].

Common findings were: A line in 72%, various pattern of B line in 27%, while 
parenchymal nodular consolidation were more rare as compared with adults (10%)[28].

As previously mentioned, clusters of inflammatory syndrome associated with 
SARS-CoV-2 (MIS-C) have been consistently reported. Even though these patients 
usually present without respiratory symptoms, LUS showed loss of aeration or pleural 
effusion in all of them in a small case series[29].

Despite these limited data, use of LUS in this clinical setting might be advocated 
since it allow early and repeated bedside assessment avoiding X-ray exposure and 
patient transport in the imaging department, which might potentially increase the risk 
of virus spread.

Additional specific image modalities
Coagulation disorders have been recognized as a major complication of COVID-19 
significantly affecting the prognosis[30]. In this context the ventilation/perfusion single 
photon emission computed tomography, either as single modality or combined with 
computed tomography (V/Q SPECT) can be used in selected case to diagnose 
pulmonary embolism in case of iodinated medium allergy or to integrate CT images. 
In the pediatric population clinically relevant pulmonary embolism are rarely reported 
therefore the need to exclude this complication is far less compelling[31]. Furthermore 
radionuclide exposure and the risk of infection spread across different departments, 
deeply limits the room for this diagnostic resource in the clinical practice.

Multimodal cardiovascular imaging 
Since the first COVID-19 outbreak, different degree of myocardial injury have been 
reported[32-34]. Biomarker evidence of myocardial injury has been associated with a 
higher mortality risk in COVID-19 patients[35]. Although typical clinical presentation of 
COVID-19 in the pediatric age group is rare, association of MIS-C with SARS-CoV-2 
exposure has been reproducibly observed. This syndrome, originally labelled ad 
Kawasaky-like, is characterized by various degree of myocardial and coronary inflam-
matory involvement[3,4,36]. Even-though clinical manifestation of this syndrome is 
extremely variable abdominal and gastrointestinal symptoms are key diagnostic 
features, being present in up to 80%, while cardiovascular involvement my go initially 
unrecognized[37]. Although abdominal imaging is not the focus of this review, it has to 
be highlighted that ultrasound of this district is usually the first diagnostic exam 
performed, furthermore cardiovascular involvement and abdominal imaging are 
strictly related. Abdominal anechoic space and hepatomegaly are the most frequent 
findings. In one study screening abdominal echo was able to disclose associated 
pleuro-pericardial effusion and cardiomegalia in almost 37% and 12% of case, 
respectively[5]. From the practical point of view, given the high incidence of gas-
trointestinal symptoms in children with COVID-19 related MIS-C, abdominal 
screening echo may help in differentiate this condition from other abdominal 
urgencies[31,38,39].

Trans-thoracic echo has a high diagnostic sensitivity in the acute phase by demon-
strating ventricular dysfunction and coronary remodeling[40]. Consistently with echo-
cardiografic diagnostic criteria in typical complete Kawasaky syndrome, coronary size 
is standardized according to the deviation from the median in the general population 
with the same body surface area (z score)[41]. Cardiac depression, although sometimes 
severe at presentation, requiring inotropic or even mechanical circulatory support, 
recovers in around 70% of cases[7]. Nevertheless, given the limited knowledge about 
the virus pathogenicity and natural history of the disease in the long term, echocar-
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diographic follow up at one month and one year, in patients with documented cardiac 
or coronary involvement (z score > 25), is recommended.

Cardiac CT scan can provide accurate evaluation of the coronary artery anatomy 
and may be considered in patients with difficult acoustic windows or with extensive 
coronary involvement. Cardiac magnetic resonance imaging may be useful during the 
initial hospitalization or approximately 3 mo post-acute illness to evaluate ventricular 
function and myocardial characteristics including edema, diffuse fibrosis, and scar by 
myocardial late gadolinium enhancement[42,43].

Differences of COVID-19 crucial characteristics between adult and children
Table 1 summarizes main differences in COVID-19 that are relevant in planning the 
diagnostic algorithm. We considered the following nosological variables: Epidemi-
ology, pathophysiology, natural history, image sensitivity.

So far about 96 million COVID-19 cases have been reported, of whom only less than 
2% occurred in patients less than 18 years old. Furthermore, as compared with adult 
cohorts, fewer patients have a severe or critical course (6% vs 20%)[1].

Distribution of rate of hospitalization displays a cluster in the age group lower than 
two years and higher than 10 d. Although infants younger than two years rarely 
present pneumonia, admission is motivated by poor tolerance of fever. As far as the 
diagnostic algorithm is concerned, although lung involvement in SARS-CoV-2 
infection in the pediatric age range may largely reproduce those reported in the 
general population, sensitivity of chest X-ray is significantly lower. As a consequence 
tradi-tional chest imaging is a poor screening test in children with suspected COVID-
19. On the other hand, fast bedside ultrasound screening has a high diagnostic yield as 
may easily disclose multi organ involvement consistent with the infection.

CONCLUSION
COVID-19 pandemics has prompted worldwide rapid reorganization of imaging 
departments. While the incidence of clinically relevant COVID-19 in pediatric 
population was previously deemed very low, the observation of a late peak of SARS-
CoV-2 related disease in this age group prompted the development of specific mana-
gement algorithms (Figure 1).

Knowledge about imaging diagnostic findings has significant grown, however 
significant differences in the pathophysiology and clinical presentation in children as 
compared with adults must be taken into account. Observational data indicate that 
both chest X-ray and CT have a lower diagnostic yield and can show peculiar findings, 
such as broncovascular thickening and pleuro-pericardial effusion, in pediatric 
patients. The thoracic echo may have a relevant role in the diagnostic algorithm in 
order to screen and monitor lung involvement as well as specific features of MIS-C in 
this clinical setting. Furthermore, X-ray exposure and risk of virus spread during 
patient transport should be taken into account when considering repeated traditional 
imaging.

This review is based mainly on small case series with heterogeneous populations 
and sometimes contradictory conclusion about findings and appropriateness of the 
various diagnostic tools. This limitation does not allow to pool together the data and to 
provide general recommendation with a sufficient grade of evidence.
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Figure 1 Proposed multimodel diagnostic algorithm. COVID-19: Coronavirus disease 2019; CT: Computer tomography.
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Abstract
In coronavirus disease 2019 (COVID-19), medical imaging plays an essential role 
in the diagnosis, management and disease progression surveillance. Chest 
radiography and computed tomography are commonly used imaging techniques 
globally during this pandemic. As the pandemic continues to unfold, many 
healthcare systems worldwide struggle to balance the heavy strain due to 
overwhelming demand for healthcare resources. Changes are required across the 
entire healthcare system and medical imaging departments are no exception. The 
COVID-19 pandemic had a devastating impact on medical imaging practices. It is 
now time to pay further attention to the profound challenges of COVID-19 on 
medical imaging services and develop effective strategies to get ahead of the 
crisis. Additionally, preparation for operations and survival in the post-pandemic 
future are necessary considerations. This review aims to comprehensively 
examine the challenges and optimization of delivering medical imaging services 
in relation to the current COVID-19 global pandemic, including the role of 
medical imaging during these challenging times and potential future directions 
post-COVID-19.
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Core Tip: In coronavirus disease 2019 (COVID-19) testing, there is a need for quick 
and accurate diagnosis of the disease. This has affirmed the significance of medical 
imaging (chest radiography and computed tomography) in the battle against COVID-
19. The pandemic and the consequent mitigation measures have had a significant 
impact on the practices in medical imaging. Despite the large and dynamic challenge 
presented, patient safety and care are paramount. Necessary precautions must be 
instituted to ensure the safety of medical imaging professionals, patients and the public. 
As the pandemic continues to ravage our globe, medical imaging service providers 
need to exercise flexibility without compromising on patient safety.

Citation: Tay YX, Kothan S, Kada S, Cai S, Lai CWK. Challenges and optimization strategies 
in medical imaging service delivery during COVID-19. World J Radiol 2021; 13(5): 102-121
URL: https://www.wjgnet.com/1949-8470/full/v13/i5/102.htm
DOI: https://dx.doi.org/10.4329/wjr.v13.i5.102

INTRODUCTION
A cluster of unknown pneumonia cases was reported in Wuhan, Hubei Province, 
China on December 31, 2019. There were both similarities and differences in various 
aspects of this pathogen with the severe acute respiratory syndrome (SARS) that 
originated in China’s Guangdong Province on November 27, 2002[1]. Despite the 
difference in epidemiology, like SARS, it presented as a respiratory disease which was 
officially named and announced by the World Health Organization (WHO) as 
“COVID-19” (coronavirus disease 2019), caused by severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2)[2]. Most patients infected with COVID-19 had 
pneumonia and hence medical imaging became vital in the early diagnosis and 
assessment of disease course[3]. Moreover, the medical imaging role in an infectious 
disease outbreak had been well described and was epitomized by the SARS 
epidemic[4]. While the use of medical imaging techniques—chest radiography and 
computed tomography (CT) differed across countries, there was no doubt about the 
significance and importance of medical imaging in this COVID-19 pandemic[3,4]. The 
aim of this review is to highlight the challenges and optimization strategies in medical 
imaging service delivery in Singapore and around the world during this COVID-19 
pandemic.

ESSENTIAL ROLES IN THE DIAGNOSIS OF COVID-19: CHEST 
RADIOGRAPHY AND CT
Chest radiography played an important role in the diagnosis of SARS during the 2003 
outbreak in Hong Kong[5,6]. Despite poor sensitivity, patients with clinical and 
epidemiologic suspicion of SARS were evaluated by serial chest radiography[7]. A 
similar practice of serial chest radiography was also adopted in Singapore (together 
with Hong Kong, one of the 10 countries with the most cumulated numbers of 
cases)[8,9]. This practice included chest radiography for patients with contact history 
who had developed respiratory symptoms, even if afebrile, when person-to-person 
transmission was evident globally[5]. In fact, this was in line with the Centres for 
Disease Control and Prevention (CDC) recommendation at that time[5].

With the global resurgence of person-to-person transmission in the form of COVID-
19, the sense of Déjà vu was vivid. During this pandemic, despite the trajectory use of 
CT scan in China as a screening tool[10], most radiology societies still do not endorse 
routine screening CT for COVID-19 pneumonia[11,12]. Although the WHO rapid 
advice guide for the use of chest imaging in COVID-19[13] highlighted considerations 
for choice of imaging modalities, it stopped short of recommending specific imaging 
modalities for different categories of patients. This could be attributed to the different 
community norms and public health directives[14].

https://www.wjgnet.com/1949-8470/full/v13/i5/102.htm
https://dx.doi.org/10.4329/wjr.v13.i5.102
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Chest radiography was of greater value in patients with advanced symptoms as 
compared to those in the early course of their disease[14,15]. For patients who were 
encouraged to present once symptomatic, as was the case in Wuhan, China, chest 
radiography had little value as it was insensitive in mild or early COVID-19 
infection[14-16]. In a similar vein, Singapore also had the public health directive for 
citizens to consult a doctor even when they had mild respiratory symptoms[17]. 
However, in Singapore, chest radiography remains the primary imaging modality of 
choice in COVID-19 screening, with a CT scan used only as a problem-solving 
tool[4,18]. On the other hand, some countries such as South Korea uses reverse 
transcription polymerase chain reaction (RT-PCR) for initial screening instead of 
relying on diagnostic imaging studies[19]. Nevertheless, chest radiography is a 
fundamental tool in the diagnosis, management and monitoring of disease[20-22]. 
Moreover, chest radiography is widely available (less resource intensive), coupled 
with features of rapid execution, low cost and function of bedside radiography. This 
enables chest radiography to be an important complement to clinical and epidemi-
ological features in the battle against COVID-19[13,22].

On the other hand, although a CT scan has relatively low specificity, it has a 
relatively higher sensitivity as compared to chest radiography and RT-PCR[10,13]. 
This is useful in patients with some pre-existing pulmonary diseases and when results 
of RT-PCR tests are negative[10,13,14]. While there were differing views on the first 
assessment medical imaging technique for COVID-19 infection, there was no doubt of 
the importance of medical imaging services in the battle against COVID-19. Consider-
ations on the choice of medical imaging technique were usually dependent on local 
practice patterns and resource availability[14].

Nevertheless, as mentioned in the multinational consensus statement from the 
Fleischner Society[14] — the choice of medical imaging techniques should be based on 
the clinical judgement of the clinical teams while considering the attributes of the 
techniques, local resources and expertise. In addition, the involvement of all 
stakeholders — referring clinician, radiologist and patient, in the decision-making on 
the choice of medical imaging of COVID-19 was encouraged[13]. Similarly, whenever 
possible, the patient should be provided with information on the chosen medical 
imaging techniques and the potential of the multiple imaging requirement 
highlighted[13].

CHALLENGES IN THE PROVISION OF MEDICAL IMAGING SERVICE 
DURING COVID-19
Limited manpower
Maintaining a healthy and adequate workforce is crucial in any infectious disease 
epidemic. Moreover, with screening, monitoring and evaluation roles undertaken by 
radiology in this COVID-19 pandemic, managing manpower was even more 
important. Given that more COVID-19 patients were being admitted and enough 
manpower would be required to meet the demands of increased workload, ensuring 
functional staff for continued service should not be undermined[23].

Within a month (January 30, 2020) after the first reported confirmed case of SARS-
CoV-2, there were 82 confirmed cases outside of China with the majority of cases 
reported in Asia[24]. The WHO subsequently released its strategic objectives for the 
pandemic which included early identification, isolation and care of patients, including 
providing optimized care for infected patients[25]. Clearly, a substantial number of 
staff was required in response to this new infectious disease, especially when there 
was unprecedented numbers of people diagnosed with COVID-19 and seeking 
treatment.

At the early onset of the battle against COVID-19, Singapore faced the possibility of 
the healthcare system being overwhelmed. The Singapore Ministry of Health 
responded to the threat by initiating an island-wide call for former healthcare profes-
sionals (HCPs) to support the country’s fight against the coronavirus, including 
doctors and allied health professionals[26]. A similar picture was seen globally, where 
retired doctors, nurses and medical students were mobilized to join the fight[26-30].

As the pandemic unfolded, many radiology departments experienced an increase in 
manpower demand due to many factors which included the increase in workload, and 
procedure time and the impact of team segregation[4,31,32]. A similar experience was 
also reported in low resource settings such as Ghana and Iran, although some regions 
reported a decline in general workload, in line with reports from North America and 
Europe, which could be attributed to low COVID-19 case intensities in these 
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regions[33,34]. Nonetheless, it was well established that the healthcare workforce was 
facing high adversity and workload as more countries were impacted by the spread of 
COVID-19[35].

To respond to the sudden surge and new waves of COVID-19, the radiology 
workforce had to be redeployed or re-assigned to other imaging modalities[33,36-38]. 
In tandem with the call for former HCPs, there was a need to reskill and/or upskill the 
returning workforce to support the current workforce. Clearly, a substantial amount of 
time had to be invested in creating training opportunities for staff to be prepared to 
face the pandemic. However, that would result in hours away from the clinical 
environment. Indeed, it was suggested that tens of thousands of radiographer hours 
would be invested to develop information to help radiographers worldwide to 
manage the imaging of COVID-19 patients using mobile chest radiography with 
appropriate infection control measures[39]. Notwithstanding, there was also the 
potential of the massive amount of replication of information globally while 
attempting to address this information deficiency[39]. Moreover, departments had to 
grapple with understaffing at the peak of the outbreak due to HCPs infections, self-
isolation due to contact with positive cases and statutory paid sick leave in many 
countries globally[40].

Enhancement of infection control measures
In a radiology department, radiographers may be exposed to SARS-CoV-2 during 
mobile radiography and chest CT procedures. As these procedures were more often 
performed as part of routine diagnosis, assessment and monitoring of the disease, 
there was an increased risk of radiographers contracting COVID-19[41]. In addition, 
procedures with prolonged patient contact such as ultrasound and interventional 
radiology expose radiology staff to an even higher risk of infection[41-44]. At the same 
time, radiology services are a crossroad of heterogeneous subjects within hospitals; 
measures had to be taken to mitigate the risk of the radiology workforce being infected 
to protect other HCPs, patients and the general public[41,45].

It is well established that the shortage of personal protective equipment (PPE), lack 
of training in infection control measures, and poor PPE usage increase the risk of 
patient-HCP transmission of infection[46,47]. Indeed, the provision of adequate PPE is 
of paramount importance and is a critical component of infection control and 
prevention during this pandemic. However, globally, many departments were facing a 
shortage of PPE[48]. In fact, multiple reports of shortages of PPE, medical supplies and 
COVID-19 test kits had surfaced in various countries ranging from developing 
countries in Southeast Asia to developed countries like the United States[49,50]. This 
was worrying as previous lessons from other infectious disease outbreaks had 
identified PPE as a crucial element in reducing infections and deaths of HCPs[47]. 
During this pandemic, SARS-CoV-2 infection among HCPs was not unheard-of. China 
and Italy both reported infections and deaths of HCPs[50,51], while United States[52], 
Spain[46] and Qatar[53] all reported COVID-19 infection among its HCPs. This could 
lead to a decline in the healthcare workforce, resulting in unstable healthcare 
infrastructure, thus reducing the quality and quantity of care available while 
increasing the workload on remaining staff[47,54].

Although ensuring that HCPs are well protected is crucial in reducing viral 
transmission and sustaining health system capacity[47], equipment used in the 
radiology department is also a potential vector for transmission of the virus. Identified 
equipment include ultrasound units, non-portable modalities, such as CT or magnetic 
resonance imaging (MRI) and mobile radiography units[31,41,43,55,56]. The immerse 
challenge for infection control in the CT suite was epitomized in China where CT was 
often the first-line investigation for COVID-19[15]. The equipment had to be 
disinfected after exposure according to recommended guidelines by the vendors or 
institutions. Similarly, accessories such as keyboards, mice, viewing stations and blood 
pressure cuffs had to be disinfected accurately with appropriate and safe 
disinfectant[57,58]. Clearly, all potentially contaminated surfaces had to be disinfected 
to reduce the risk of virus transmission.

Limited resources
Provision of medical imaging services to many patients suspected of having or 
confirmed to have COVID-19 during the pandemic was a herculean task. The 
procedure duration was lengthened and complicated by strict infection control 
measures to mitigate infection risk in the radiology department[14,41,59]. This was 
highlighted by the American College of Radiology (ACR)[60] where it noted that CT 
decontamination after scanning COVID-19 patients might disrupt radiologic service 
availability. Studies sharing recommendations for infection control in the CT suite 
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were widely available. However, it also demonstrated the substantial time and 
resources needed during, pre- and post-CT scans, which was highlighted by the 
ACR[57,61,62]. While hospitals with more than one scanner could dedicate one 
scanner for scanning COVID-19 patients, it could not be instituted in all 
hospitals[63,64]. Therefore, in this pandemic, in some countries, CT cannot be 
superseded by chest radiography due to limited scanners[15].

To mitigate the limitation, coupled with long turnaround times for RT-PCR, 
countries such as Italy and United Kingdom had adopted chest radiography as a first-
line triage tool[15]. This could also be attributed to the favourable feature of a mobile 
unit — portability, where chest radiography could be performed at the bedside instead 
of transporting the patient to the scanner[14]. This effectively reduced patient transfer 
and minimized the risk of cross-infection to others[13,55]. Given the obvious benefit of 
mobile chest radiography, the uptake and demand of chest radiography as a first-line 
assessment tool would increase over time. This posed a challenge to even a large 
hospital — where Singapore’s largest acute tertiary referral medical centre had to 
acquire additional mobile units to meet the increasing clinical demands[55]. A similar 
challenge was also noted in South-East Queensland, Australia where purchase, rapid 
acquisition and deployment of additional mobile units were initiated[65].

However, with the urgent delivery and growing orders for mobile units, some 
vendors could not meet the urgent delivery timeframe[66]. Against this backdrop, 
many hospitals in England were struggling with equipment shortage and backlog[67]. 
Many were in urgent need of more staff and imaging equipment — CT, MRI, 
ultrasound and mobile units, to deal with backlog cases. It was particularly vivid in 
the United Kingdom where it was reported to have the lowest number of scanners 
when compared with other Organization for Economic Co-operation and 
Development countries[67]. This resulted in a significant block capacity gap within the 
United Kingdom, prompting The Royal College of Radiologists (RCR) to describe the 
situation as a perfect storm in terms of delivering capacity[67].

Faced with the challenge of limited delivering capacity and mounting wait lists, 
patient access to medical imaging services was profoundly affected. This was evident 
in Canada where waiting time for medical imaging is now twice as long when 
compared with pre-COVID times — significantly beyond the acceptable 
standards[68]. A similar picture was painted in the UK where statistics had 
highlighted the knock-on impact of pausing non-emergency imaging during the peak 
of COVID-19 infection — a substantial increase in waiting time for CT or MRI 
scans[69]. In particular, the RCR[69] warned of a continuum of such figures if without 
more sustained investment.

Well-being
In the battle against COVID-19, the most important and valuable assets were 
HCPs[70]. However, a recent systematic review[71] highlighted that many HCPs faced 
aggravated psychological pressure and even mental illness. The intensive work 
drained the HCPs physically and emotionally[72]. This was especially vivid for the 
HCPs who had neither infectious disease expertise nor experienced the SARS 
outbreak[72,73]. They had to adjust to a new working environment in this extraor-
dinarily stressful situation. Low resource countries such as Nepal, had considerable 
mental health symptoms among HCPs[74]. In fact, Iraqi communities who are already 
afflicted by the ongoing conflict, political instability and social upheavals now face an 
even more challenging task to secure the mental well-being of their HCPs[75].

It was reported that frontline HCPs like radiographers, who often had to take on the 
role of caring directly for patients with COVID-19 were at a higher-level risk of having 
severe mental health symptoms than those in secondary roles[76]. They had to work 
with the constant changing protocols with some reported to have inadvertent 
exposure to COVID-19 positive patients without suitable PPE — a result of poor 
communication[77]. Moreover, some radiographers experienced burnout as they were 
subjected to 12-hour shifts in order to meet the service needs and for team 
segregation[78]. This was in line with the systematic review which identified long 
working hours as a factor for increased risk of various psychological and mental 
illness as well as physical and emotional distress[71].

Similarly, radiologists were vulnerable to experiencing burnout with the increased 
emphasis on reporting speed and studies per day, long working hours, and limited 
personal interaction[79]. Coupled with the pre-COVID reasons for increased rates of 
burnout in radiology, all these stressors were being magnified exponentially during 
this COVID-19 pandemic[80]. As mentioned by Wolfman et al[80], the medical 
imaging profession is now facing an untenable situation where “COVID had turned a 
smouldering ember into a blazing fire”.
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Undeniably, both radiographers and radiologists were at risk of burnout. In 
addition, they were also at risk of fatigue[81]. This had concerning implications as it 
resulted in a negative outcome in terms of patient safety in medical imaging. This 
could not be emphasized further with burnout and fatigue being highlighted in the 
joint paper[82] released by the European Society of Radiology and the European 
Federation of Radiographer Societies on patient safety in medical imaging. Indeed, 
ensuring the physical and psychological well-being of the professionals is crucial for 
safe delivery of medical imaging. A summary of the challenges in the provision of 
medical imaging service during COVID-19 is shown in Table 1.

STRATEGIES TO OPTIMIZE MEDICAL IMAGING SERVICE DELIVERY 
DURING COVID-19
During this pandemic, timely decisions need to be made and strategies promptly 
executed to mitigate the risk of widespread transmission. As the pandemic unfolds, 
the continuity of an effective medical imaging service for both COVID-19 and non-
COVID-19 patients is essential. Notably, radiology departments must now adhere to 
the strictest infection control practices, different countries’ varying healthcare and lock 
down policies and continue to value add to patient care amidst this unprecedented 
challenge.

Leadership
During this period of COVID-19, strong clinical and compassionate leadership is 
paramount in improving the provision of quality care[83]. Similarly, Shingler-Nace[84] 
identified: Staying calm, communication, collaboration, coordination and providing 
support, as the five elements to successful leadership during this pandemic. 
Undeniably, this pandemic has caused a global turmoil in many aspects in our way of 
life and continues to challenge established leadership models[85].

Fortunately, there was a substantial amount of materials to guide radiology leaders 
as the profession navigates through unchartered waters[86,87]. Moreover, leadership 
lessons from prior pandemics were invaluable and augmented the available resources 
in this COVID-19 pandemic[88]. Radiology leaders demonstrated good leadership 
qualities in the face of adversity[89-91]. Comparably, radiographers had also shown 
their ability to contribute as highly effective COVID-19 leaders in safely and 
sustainably reorganizing radiography services[55].

There was no doubt that adaptability, flexibility, teamwork, clear communication, 
patient and staff safety as well as staff well-being were key principles for managing 
leadership teams in this pandemic[89-93]. While many would agree upon the key 
principles emphasized, Dr Gerada[94] highlighted in her presentation delivered at the 
prestigious Sir Godfrey Hounsfield Lecture, that a successful leader in the COVID-19 
is one who offers hope yet bounded by realism. Clearly, one should not forget about 
instilling hope in times of crisis.

Use of technology
With chest radiography preferred in many countries to screen and monitor the 
progression of COVID-19, mobile units were in high demand. By using mobile digital 
radiography (DR) units instead of conventional radiography (CR) units, mobile DR 
solutions were a key element in turning the tide in COVID-19 management. Mobile 
DR units had the advantages of delivering high quality DR images in real time and 
had the feature of wireless data transmission which enabled early reporting and access 
by clinicians[55,95]. Moreover, some DR mobile units had added features to help 
reduce contamination, mitigating the risk of cross-infection[96]. The use of the DR 
mobile unit was supported and endorsed by the ACR task force on COVID-19 where it 
was highlighted that the surfaces of the unit could be cleaned with ease and therefore 
well suited for use in ambulatory care facilities[97]. In fact, recognizing the mobile DR 
units’ advantages, hospitals in Brazil and Namibia have since adopted a retrofit 
solution to their mobile CR units to meet the increasing demands[98,99].

Reducing contamination was not only a key feature in mobile DR units. CT systems 
were also embracing such a norm. In China where CT scans were in high demand, 
artificial intelligence (AI) was empowering automated patient positioning and 
scanning from the control console room[100]. Such an approach reduces cross infection 
between the radiographers and patients. Other uses of technology can be appreciated 
in the form of leveraging medical imaging data — remote diagnosis, data-driven 
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Table 1 Summary of the challenges in the provision of medical imaging service during coronavirus disease 2019

Challenge Experiences of medical imaging departments

Coping with limited manpower Team segregation; Increased workload; Increased responsibility; Increased procedure time due to infection control 
measures and terminal cleaning of equipment; Self-isolation due to contact with positive cases; Statutory paid sick 
leave

Coping with strict infection 
control measures

Shortage of PPE; Increased risk of exposure from prolonged patient contact; Resource and labour intensive due to 
terminal cleaning of equipment

Coping with limited resources Equipment segregation; Inadequate mobile radiography units; Delay in delivery of equipment due to increased 
orders; overseas shipment of equipment delayed; Poor imaging service delivery due to a lack of imaging equipment

Safeguarding of medical imaging 
professionals’ well-being

Aggravated psychological pressure and mental illness; Physical and emotional distress among medical imaging 
professionals; Burnout; Fatigue

PPE: Personal protective equipment.

management of COVID-19 operations, mounting imaging backlog and a foundation 
for ongoing monitoring and research on COVID-19[100,101]. Lastly, the use of AI to 
provide COVID-19 specific education, screening, triage and home monitoring can also 
help to reduce unnecessary demand on medical imaging services by supporting and 
providing guidance to all patients[102].

Communication
As the pandemic continues to spread globally, clear communication with 
radiographers is necessary to ensure infection control[103]. If radiographers are 
communicated promptly regarding the health of the patient to be scanned, appropriate 
PPE can be worn in advance — avoiding repetition of miscommunication incidents 
that led to radiographers in Ireland[77] being exposed to COVID-19 positive patients 
without donning appropriate PPE. Moreover, such clear communication is crucial in 
ensuring that radiographers comply and perform self-monitoring for symptoms when 
exposed to positive cases[101]. This can be in the form of daily routine instructions, 
newsletters, open forums and one-on-one communications[103,104]. Similarly, other 
forms of communique such as websites, virtual telecommuting and team-based 
communication can be utilized to ensure timely updates of current guidance and 
policies[105].

Clear and frequent communication amongst all members of the healthcare team has 
been of utmost importance throughout the pandemic[105]. This was especially crucial 
in the communication of imaging examination findings. In addition, rapid and prompt 
communication of results is also essential for staff safety and management of the 
patient[103]. This was highlighted by the radiology experts from Norway and 
Germany[106] who accentuated the role of structured reporting in communicating 
clear results to the rest of the team. In fact, the importance of structured reporting 
could not be emphasized enough with structured reporting templates that were 
endorsed by the Society of Thoracic Radiology, the ACR and The Radiological Society 
of North America being made available[107]. Such reporting language and a template 
for chest radiography have also since surfaced[108,109].

Review of processes, protocol and policies
To prepare for any sudden patient surge and to minimize potential staff or patient 
exposure, many elective/non-urgent imaging procedures were postponed[110]. This 
was implemented with the consideration of prioritizing urgent and emergency visits 
while preserving PPE as the COVID-19 pandemic escalated[111]. Both the ACR[111] 
and RCR[112] released an advisory in the support of postponing non-urgent 
outpatients’ visits such as elective radiology-related procedures, cancer screenings and 
mammography. The postponement of breast imaging related screening was also 
supported by various societies[113,114]. Likewise, many non-high priority nuclear 
medicine procedures were also rescheduled[115]. In tandem, radiologists were tasked 
to review and prioritize all scheduled outpatients on the necessity of imaging at that 
juncture[111]. It was clear that such a decision was made deliberately with the safety of 
patients and staff as the utmost priority.

Patients who were scheduled for imaging procedures during this period had to be 
triaged before they could enter the radiology department. In Sichuan, China, a three-
level triage was introduced to categorize patients according to the different risk 
levels[116]. Other triaging approaches were also reported such as an external triage 
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unit in Switzerland[117] and a pre-access telephone triage in Italy[118]. These were 
supported by evidence from China[119,120] which suggested that the procedure of 
triaging patients effectively screened patients and identified any high-risk 
populations. The importance of establishing a triage area was well established with the 
WHO regional office for Africa releasing a document[121] to provide guidance on how 
to rapidly establish a triage area at a healthcare facility.

As part of safe/physical distancing, radiology departments in Singapore adopted 
temporal and physical segregation policies to reduce the risk of cross-infection to staff 
and other patients and to maintain staff capabilities to meet the demand of medical 
imaging services[31]. For similar purposes, radiographers were segregated to different 
teams based on clinical location with the roster pattern fixed and synchronized with 
the nurses’ and radiologists’ rosters to facilitate contact tracing[55]. A similar approach 
was also adopted in China with success as institutions in Singapore and China 
reported no COVID-19 positive cases in their radiographers[55,122].

Like many hospitals globally, at the initial phase of the outbreak, many medical and 
radiography students were immediately withdrawn from the clinical setting or had 
their clinical rotations suspended for their protection[122-124]. Other work processes 
such as isolation mobile radiography workflow[55] and dedicated workflow 
management processes for modalities that required high staff numbers[125] were 
modified to adapt and optimize imaging services to meet the current clinical needs. 
Similarly, technical operations such as the undertaking of mobile radiography through 
side room windows[126], and the radiologist’s responsibility were also included in the 
review with the primary aim of optimizing the radiology protocol during the 
pandemic[116].

Places and equipment
The safety of HCP is paramount during a pandemic. Strict cleaning and disinfection 
procedures were in place to mitigate the risk of infection. Practical alternatives are 
needed to augment current practices especially when new waves of outbreak surface 
globally. This includes introduction of an imaging booth (SG SAFE.R) for chest 
radiography where the patient can have a chest X-ray done without contact with the 
radiographer—reducing the need for additional manpower while improving 
safety[127]. A similar booth set up (Radiology Annex) was also reported by Penn State 
Health which commented that such an X-ray booth offered quick scans to COVID-19 
patients while eliminating the time needed to wipe down the equipment and exchange 
the air[128].

Radiological equipment used for scanning of COVID-19 patients should be 
reorganized as part of the segregation of patients to reduce the risk of cross-infection 
and continuum of routine radiology services[122]. Many hospitals in Singapore and 
China assigned dedicated equipment exclusively for suspected and confirmed cases of 
COVID-19[4,122]. This practice was advocated by many authors and societies 
[58,129-131]. In addition, a dedicated transport team, low traffic access routes, lift 
lobbies, dedicated waiting area and scanners with negative-pressure capability were 
established and used[4,122,129,132]. Hospitals constrained by the availability of 
equipment can navigate this challenge by assigning dedicated time for COVID-19 
cases[122]. Moreover, such scanning can be scheduled only towards the end of the 
work-day[4]. This not only reduces the risk of cross-contamination but also increases 
work efficiency and room utilization considering the substantial time required for 
cleaning the scan room[4,116]. Most importantly, terminal cleaning needs to be 
performed by a specialized team[4,132].

With mobile radiography and CT scans in high demand during the COVID-19 
pandemic, the radiology department risks being a site of potential spread[132]. 
Therefore, it is paramount to ensure utmost safety of radiology staff and to reduce staff 
and patient transmission. Mobile units require to be disinfected according to a fixed 
cleaning regime which might include the subsequent process of exposing the unit to 
ultraviolet light for more than 30 min before being used on the next patient[132,133]. 
Other examples of protocol included having the mobile units and X-ray cassettes 
covered with layers of polythene sheet sealed with adhesive tapes or leucoplast[134] 
and wrapping of mobile DR flat detectors with disposable sheets[135]. Such protocols 
have since been established beyond mobile radiography and CT to include ultrasound, 
MRI and interventional radiology[132,136-139]. A summary of the strategies to 
optimize medical imaging service delivery during COVID-19 is shown in Table 2.
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Table 2 Summary of the strategies to optimize medical imaging service delivery during coronavirus disease 2019

Theme Strategies

The need for strong 
and compassionate 
leadership

Staying calm, communication, collaboration, coordination and providing support; Practising adaptability, flexibility, and 
teamwork; Ensuring the safety of patients and staff; Safeguarding the well-being of staff; Instilling hope in times of crisis

Embracing 
technological usage

Adopting mobile DR units in the department; Adopting AI to reduce contamination of equipment; Harnessing capability of AI in: 
(1) Remote diagnosis; (2) Data-driven management of COVID-19 operations; (3) Mounting imaging backlog; (4) Ongoing 
monitoring and research on COVID-19; and (5) Supporting and provision of guidance to patients

Clear 
communication

Communication among staff through: (1) Routine instructions; (2) Newsletters; (3) Open forum; and (4) One-to-one 
communications. Timely updates and dissemination of current guidance and policies through: (1) Websites; (2) Virtual 
telecommuting; and (3) Team-based communication. Structured reporting in communicating imaging results

Enhancing processes, 
protocol, and policies

Postponement of elective/non-urgent imaging procedures; Review and prioritisation of outpatient schedules by radiologists; 
Triaging of patients prior to entering the radiology department; Temporal and physical segregation; Suspension of students’ 
placement; Dedicated workflow management process; Development of isolation mobile radiography workflow; Involvement of 
medical imaging professionals in technical operations; Reorganisation of radiological equipment and assigning of dedicated 
equipment for suspect and confirmed cases; Implementation of dedicated transport team, routes, lift lobbies and waiting area for 
COVID-19 patients; End of day schedules for COVID-19 patients

Innovation Developing new solutions to minimise patient contact

COVID-19: Coronavirus disease 2019; AI: Artificial intelligence; DR: Digital radiography.

FUTURE DIRECTION
In this pandemic, there is no doubt regarding the critical role played by HCPs in the 
national and local responses. It is crucial to ensure that HCPs are “pandemic ready” as 
most of the actions required to prepare for the COVID-19 pandemic can be applied or 
adapted to the management of other emergencies or crises[140]. Such pandemic 
guidance which included recommendations were released by WHO and various 
public health agencies globally for more than 15 years[141]. They were likely 
prompted by 2 major healthcare events—H5N1 avian influenza outbreak in 2002-2005 
and SARS in 2003[141]. According to WHO[140], preparedness tasks for HCPs include 
the development and implementation of training programmes that are based on the 
staff roles in an emergency, and to develop protocols to provide staff with training in 
an emergency and provide staff with social and psychological support. Clearly, 
mechanisms and systems must be in place before the pandemic to ensure that 
radiology staff are pandemic prepared.

To prepare HCPs for and respond to such events, it is advocated by the WHO to 
ensure appropriate and quality training and education are in place for all staff. Various 
authors have responded with remarkable vigour in sharing the approaches to prepare 
radiology staff for a pandemic. They included curated on-boarding programmes[142], 
film discussion sessions[143], use of a skill-set inventory[144], and introducing hospital 
arranged tutorials and video awareness campaigns[145]. It is essential to ensure that 
radiology staff who were battling the pandemic had the knowledge and skills needed 
to provide the best care for the patients while maintaining safety. In tandem, resources 
should be readily available to safeguard the mental health and wellbeing of radiology 
staff during the pandemic[144,146].

The COVID-19 pandemic had also highlighted the importance of academic 
institutions in raising the pandemic readiness of students. Rainford et al[147] identified 
that radiography students might not be fully confident in using PPE and suggested 
that practical training sessions be conducted before their placement—an approach that 
a Singapore academic institution adopted[123]. New norms of teaching HCPs have 
also been suggested by many authors ranging from virtual teaching[148,149], adoption 
of technology-based platforms[150,151], simulation and virtual reality[152,153]. 
Similar to qualified HCPs, medical students who are recruited to assist in a pandemic 
need to undergo specific training programmes. Such student disaster training 
programmes improve the students’ readiness, knowledge and skills which can play a 
valuable role in pandemic management[154].

Compared to SARS, COVID-19 has had a significant impact on the way education is 
being delivered. Lessons from SARS have resulted in academic institutions 
establishing and increasing their online presence through effective learning 
management systems, video conference facilities and facilitators’ experience in e-
learning[155]. During this COVID-19 pandemic, many academic institutions 
successfully switched to online learning with just a few days of preparation[155,156]. 
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Clearly, post-SARS, there was an increased digital trajectory in the provision of 
education. However, this pandemic has demonstrated that online education is still not 
universally embraced in countries such as Argentina, Zimbabwe and Malaysia[155]. It 
is now incumbent upon all educators to explore online learning technology’s full 
potential as this pandemic can be an inflection point for further acceleration. Likewise, 
educators should also ensure that there is adequate training, bandwidth, and 
preparation for online education where it is believed to have become an integral 
component of school education[156].

In parallel, the preparation and practices of many radiology departments during 
this pandemic have been heavily influenced by the SARS experience. This has 
included formulation of rigorous protocols and reconfiguration of facilities to prevent 
in-hospital transmission, improvement of diagnostic capabilities, resourcing, 
communication and coordinated outbreak response[4,91,157,158]. It is undeniable that 
the SARS lessons have provided valuable experience for the healthcare community 
and was crucial in our battle against COVID-19.

Clear differences between SARS and COVID-19 have emerged. A paper published 
in The Lancet[159] shared the differences between both situations and the outbreak 
measures. Unlike SARS which was effectively eradicated by implementing top-down 
measures to stop all human-to human transmission, but due to the nature and extent 
of spread, mitigation measures must be implemented instead of containment in view 
of the current situation of COVID-19[159].

It was noted in a paper in Clinical Radiology[160] that the use of infection control 
advocated procedures might have contributed to the low staff sickness levels during 
COVID-19—which could be maintained after COVID-19. In addition, the need to 
embrace information technology was also required to develop a more robust digital 
platform for patients while minimizing waiting room utilization—a negative outcome 
of waiting room distancing and increased time for cleaning of rooms in this pandemic. 
Likewise, remote working and physical distancing have their pros and cons. A 
thorough reflection after the pandemic is required to facilitate the thought processes 
on practices to keep, and which to revert to pre-COVID[160]. In tandem, special 
attention should be paid towards building trust in the radiologist-to-clinician 
relationship amid the “distance” between these professionals[161]. Indeed, despite the 
valuable lessons from previous experiences, adaptations to practices and responses 
will be necessary to prepare the department for the next pandemic.

There is no doubt that effective, safe and high-quality medical imaging is 
paramount in healthcare. The number of global imaging procedures is increasing 
considerably. The role of medical imaging in medical decision-making and 
minimization of unnecessary interventions cannot be emphasized enough[82,162]. As 
highlighted by the European Society of Radiology and the European Federation of 
Radiographer Societies in a joint paper[82], radiographers and radiologists are 
essential in the provision of medical imaging services to patients, while continuously 
safeguarding patient care and safety. The joint paper distinctly reflects the concern of 
the medical imaging field where patient safety is key.

To date, a substantial amount of money and resources have been invested in AI for 
medical imaging[163]. There were profound concerns about medical imaging profes-
sionals being replaced or obsolete. Fortunately, they were not destined to become 
dodos. The American Medical Association (AMA) deliberately adopted the term 
augmented intelligence in place of the more common term AI and highlighted why AI 
could not replace medicine’s human component where it was believed that medicine 
could harness AI in ways that safely and effectively improved patient care[164].

As advocated by the AMA, AI is designed to enhance human intelligence and the 
patient-physician relationship but not to replace it[165]. Moreover, AI can help 
improve human effectiveness and efficiency in the form of a decision aid for clinical 
reasoning and decision making[166]. Similarly, for radiographers, AI can be used as a 
decision support tool to ensure that the examination performed is correct for a patient 
with dose optimization to answer the clinical question[167]. Importantly, AI will 
enable physicians to spend more precious time with their patients, improving the 
humanistic touch. Indeed, with the adoption of AI, radiologists can be freed up to 
perform more value-added tasks, while playing a more vital role in integrated clinical 
teams to improve patient care[168].

Undeniably, COVID-19 has become a catalyst for change in the development of 
telemedicine and AI in medical imaging services. With the global positive cases 
skyrocketing and many countries grappling with the sudden surge in waves of 
coronavirus, telemedicine must be considered and optimized. This is in line with the 
current guidance from the CDC for healthcare facilities[169]. Of which, the need for 
physical distancing has acted as a springboard for the rapid adoption of telemedicine 
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Figure 1 Delivery of medical imaging services: current challenges, strategies, and the path for future directions. COVID-19: Coronavirus 
disease 2019; AI: Artificial intelligence.

solutions globally[170]. Through telemedicine, critical medical care can be provided to 
patients while reducing transmission of COVID-19 and preserving scarce resources 
amid the pandemic[171]. According to results of a nationally representative survey 
published by the AMA in 2018, radiology had the highest use of telemedicine for 
patient interactions although its scope has been limited[172,173]. While there is 
variability in the adoption of telemedicine across the world, the evidence is suggesting 
a positive role in this technology for developed countries in improving health systems’ 
performance and outcomes[174]. Indeed, COVID-19 has served as a reminder about 
the need and future potential of telemedicine.

During this pandemic, AI has been harnessed in medical imaging to fight COVID-
19. A collaborative network led by the National Institute of Biomedical Imaging and 
Bioengineering[175] has been formed to develop new tools for physicians in the early 
detection and optimization of treatment for COVID-19 patients. In addition, the 
integration of AI with medical imaging has the capability of advancing predictive 
medicine, preventive medicine and personalized medicine[176]. Other forms of digital 
transformation in medical imaging services include the use of AI in precision 
diagnosis, optimization of workflow and productivity[177-179]. Looking ahead, AI 
will be critical in empowering radiologists and radiographers across the world to 
address the challenges brought about by COVID-19. It is now time for medical 
imaging to embrace AI and the opportunities it may present in the post-COVID-19 
world to enhance our patient care and patient outcome. The current challenges, 
strategies, and a path for future directions is described in Figure 1.

CONCLUSION
In an unprecedented pandemic, there are significant challenges globally in delivering 
medical imaging services and this crisis has further highlighted how complicated these 
challenges can be. Amid the crisis, health care is still being delivered and with the 
integral role of medical imaging services in the ongoing battle against COVID-19, the 
quality and safety of care become more important. There are dramatic implications 
associated with sub-optimal radiology practices and service delivery. Implementing 
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strategies to optimize medical imaging service delivery will ensure quality healthcare 
in the era of COVID-19 and beyond where patient care processes continue to change 
rapidly. Ultimately, through the collaborative efforts of all radiology staff, we can 
assure provision of high-quality and safe medical imaging services while safeguarding 
the health of the public, patients and HCPs.
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Abstract
Coronavirus disease 2019 (COVID-19), a global emergency, is caused by severe 
acute respiratory syndrome coronavirus 2. The gold standard for its diagnosis is 
the reverse transcription polymerase chain reaction, but considering the high 
number of infected people, the low availability of this diagnostic tool in some 
contexts, and the limitations of the test, other tools that aid in the identification of 
the disease are necessary. In this scenario, imaging exams such as chest X-ray 
(CXR) and computed tomography (CT) have played important roles. CXR is 
useful for assessing disease progression because it allows the detection of 
extensive consolidations, besides being a fast and cheap method. On the other 
hand, CT is more sensitive for detecting lung changes in the early stages of the 
disease and is also useful for assessing disease progression. Of note, ground-glass 
opacities are the main COVID-19-related CT findings. Positron emission 
tomography combined with CT can be used to evaluate chronic and substantial 
damage to the lungs and other organs; however, it is an expensive test. Lung 
ultrasound (LUS) has been shown to be a promising technique in that context as 
well, being useful in the screening and monitoring of patients, disease classi-
fication, and management related to mechanical ventilation. Moreover, LUS is an 
inexpensive alternative available at the bedside. Finally, magnetic resonance 
imaging, although not usually requested, allows the detection of pulmonary, 
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cardiovascular, and neurological abnormalities associated with COVID-19. 
Furthermore, it is important to consider the challenges faced in the radiology field 
in the adoption of control measures to prevent infection and in the follow-up of 
post-COVID-19 patients.
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Core Tip: Imaging exams have played an important role in the current coronavirus 
disease 2019 pandemic. Thus, even though reverse transcription polymerase chain 
reaction is the gold standard method for the diagnosis, the use of computed 
tomography (CT) in the management of severe acute respiratory syndrome coronavirus 
2-infected individuals has been highlighted. On the other hand, X-Ray, positron 
emission tomography combined with CT, and magnetic resonance imaging, along with 
ultrasound, can also assist in this process. We herein discuss the main evidence on the 
use of such exams and the challenges to the radiology field in that context as well.

Citation: de Carvalho LS, da Silva Júnior RT, Oliveira BVS, de Miranda YS, Rebouças NLF, 
Loureiro MS, Pinheiro SLR, da Silva RS, Correia PVSLM, Silva MJS, Ribeiro SN, da Silva 
FAF, de Brito BB, Santos MLC, Leal RAOS, Oliveira MV, de Melo FF. Highlighting COVID-
19: What the imaging exams show about the disease. World J Radiol 2021; 13(5): 122-136
URL: https://www.wjgnet.com/1949-8470/full/v13/i5/122.htm
DOI: https://dx.doi.org/10.4329/wjr.v13.i5.122

INTRODUCTION
In December 2019, several cases of a pneumonia of unknown cause with a clinical 
presentation compatible with conditions of viral etiology were reported in the city of 
Wuhan, Hubei province, China[1-4]. Later, it was found to be caused by a new type of 
coronavirus that was subsequently called severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2), and the disease came to be called coronavirus disease 
2019 (COVID-19)[5,6]. Since then, the number of cases has increased, becoming a major 
outbreak and a global emergency[7,8]. By 19 January 2021, more than 93956883 cases 
and 2029084 deaths have been confirmed by the World Health Organization[9].

The SARS-CoV-2 is a β-coronavirus with spherical RNA and spike proteins that 
protrude on its surface[10]. It primarily infects the respiratory system but other organs 
such as the kidneys, heart, ileum, and spleen can also be infected[11]. The 
pathophysiological mechanisms involved in this process are complex, and includes 
virus attachment, recognition between specific cell receptors, and transmembrane 
Spike glycoprotein (S-protein) receptor-binding domain, along with protease cleaving 
by host cellular transmembrane serine protease (TMPRSS)[12]. Angiotensin-converting 
enzyme type 2 (ACE2) receptors are expressed in various human cells, including 
epithelial cells in the lungs, cardiomyocytes, neuronal and glial cells in the brain[13], 
glandular cells of the gastric, duodenal, and rectal epithelia, and enterocytes of the 
small intestine[14,15]. The main pathway by which SARS-CoV-2 enters cells is through 
the binding of S-protein to ACE2[14,15], and protein cleavage by enzymes, such as 
TMPRSS2[16].

The SARS-CoV-2 infection has variable clinical presentations, from asymptomatic to 
severe cases, which can lead to death[1,5]. The main symptoms involve fever, dry 
cough, dyspnea, and fatigue[17-20]. The gold standard diagnostic test for COVID-19 is 
the reverse transcription polymerase chain reaction (RT-PCR)[21,22]. However, due to 
the low availability of this diagnostic tool in some contexts, failures in sample 
collections, and the possibility of false-negative results, it has become necessary to use 
other methods to increase the accuracy of infection identification[23].

In this context, some imaging exams such as lung ultrasound (LUS), chest X-Ray 
(CXR), magnetic resonance imaging (MRI), and especially chest computed 
tomography (CT) have been very useful in the diagnosis of COVID-19[24]. It is 
noteworthy that in places of low prevalence of the disease or in asymptomatic 
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individuals, imaging tests may have problems with false positive or missed detection. 
Thus, factors such as epidemiological data, clinical condition, laboratory tests and 
imaging exams can contribute to the screening of COVID-19, but for the final diagnosis 
the identification of viral RNA using RT-PCR is necessary[25,26].

CT is able to show important findings for early detection of the infection even when 
negative results are obtained in the RT-PCR, such as ground-glass opacities 
(GGO)[27]. It is worth mentioning that CXR is more often used in the evaluation of 
disease progression than in the detection of the infection itself due to its lower value in 
the early identification of GGO compared to CT[28]. LUS is a faster and safer method 
than the aforementioned methods and, even though it provides images with an 
inferior quality than those obtained with a CT scan, it has become very useful due to 
its practicality, as it is possible to perform this technique at the patient's bedside, 
whereas the other procedures involve displacement and longer periods of time[29]. Of 
course, all available resources for patient care should always be taken into consid-
eration, but when dealing with a pandemic, it is of unequal importance to thoroughly 
evaluate aspects related to the speed and efficiency of diagnostic methods[30].

In the initial phase of the COVID-19 outbreak, when RT-PCR tests had limited 
availability, countries presented divergent opinions regarding the use of imaging 
exams in the diagnosis of the infection worldwide. With the increase in the availability 
of RT-PCR kits throughout the pandemic, the criteria for the use of imaging tests 
began to gain consensus. But, it is worth mentioning that the national guidelines vary 
according to factors such CT scanner availability, personal protective equipment 
availability, and in vitro testing infrastructure[31]. Therefore, this review aims to 
describe the use of imaging exams for the detection of COVID-19, providing a broad 
overview on the main methods used in this context and discussing the challenges in 
the radiology field during the pandemic.

WHAT DO THE IMAGING EXAMS SHOW ABOUT THE DISEASE?
Although the detection of SARS-CoV-2 RNA using the RT-PCR remains the gold 
standard diagnostic method, the unspecific or asymptomatic initial stage of COVID-19 
highlights the important role of imaging exams in assisting the early diagnosis, as well 
as in monitoring and identifying complications[32,29]. Figure 1 summarizes the main 
points regarding the imaging modalities used in COVID-19.

CXR 
The reduced capacity of CXR to reveal GGO, an early finding in the disease, limits its 
use in COVID-19 diagnosis. However, extensive consolidations, which are visible in 
the CXR, are common as the disease progresses[33].

Despite the sparse data in the literature on radiography in the COVID-19 
context[34], the consolidation is the most common finding in the radiographs of 
infected patients, being predominantly observed in peripheral areas of the lower 
zones[35], with a peak of severity 10-12 d after the onset of symptoms[36]. Among 9 
patients in Korea, the CXR detected parenchymal abnormalities in three of them, most 
with peripheral consolidation that was later confirmed by CT[37]. Moreover, a severity 
score can be used to quantify the extent of infection, with a score assigned to each lung 
that ranges from 0 to 4 according to the extent of lung involvement: 0 = no 
involvement; 1 corresponding to less than 25%; 2 = 25%-50%; 3 = 50%-75% and 4 to 
more than 75%. The scores obtained for each lung are then added together to provide 
the final gravity points[36].

A study published in October 2020 showed that chest radiographs may be reliable 
in predicting results from definitive COVID-19 diagnostic methods, particularly in 
places with limited resources and a high number of cases[38]. Radiography is the 
fastest and cheapest method to evaluate COVID-19 patients and it is broadly available 
in clinics, emergency rooms, and hospitals worldwide[39,40]. Moreover, this method is 
associated with a low exposure to ionizing radiation in users. In addition, the portable 
X-Ray units, whose mobility and cleaning are easy, have been considered as 
facilitating resources in emergencies[41].

However, the CXR abnormalities observed in COVID-19 are nonspecific and may 
overlap with findings from other infectious diseases such as influenza[42,43]. Thus, the 
analysis of imaging patterns on chest radiography in SARS-CoV-2 infection is 
complex, time-consuming, and prone to error. This evaluation is a challenge that must 
be considered, mainly due to the lack of specialized radiologists[39,41]. Therefore, an 
artificial intelligence (AI) algorithm could be used and programmed to distinguish 
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Figure 1 Highlights of imaging modalities in coronavirus disease 2019. CXR: Chest X-ray; CT: Computed tomography; 18F-FDG PET/CT: 18F-
fluorodeoxyglucose positron emission tomography/CT; LUS: Lung ultrasound; MRI: Magnetic resonance imaging; GGO: Ground-glass opacities; RT-PCR: Real-time 
reverse transcription polymerase chain reaction.

COVID-19 pneumonia from non-COVID-19 pneumonia through CXR images[44]. The 
main goal of AI, when gathering imaging data and clinical information is to read 
image studies accurately, preferably as a screening tool[34].

A study observed sensibility and specificity of 95% and 71%, respectively, for the 
association between COVID-19 pneumonia with the involvement of 4 or more zones 
and clinical deterioration, in both critical and non-critical patients[45]. An analysis 
performed to determine the CXR diagnostic precision in comparison to RT-PCR in 569 
patients with suspected SARS-CoV-2 infection showed, in the initial CXR, 61% 
sensibility and 76% specificity in the hospital environment[46]. In November 2020, an 
evaluation of the CXR associated with AI support for COVID-19 detection reported an 
increase in the diagnostic sensibility from 47% to 61%, even though the specificity 
reduced from 79% to 75%. This is a promising result for the possible use of AI to 
enhance the accuracy of this exam[39]. In conclusion, the CXR may be indicated in 
situations of low resources and high prevalence of the disease.

CT
There is a vast amount of information regarding CT findings in COVID-19 reported in 
different studies around the world[47]. It is known that the characteristics of the lung 
fields at CT scan change over time, with different presentations according to the stage 
and severity of the pulmonary infection[48].

The main feature found on a CT scan as a consequence of COVID-19 is the presence 
of GGO, with a predominantly bilateral and peripheral distribution[49]. Vascular 
enlargement is seen in GGO, representing interstitial peribronchovascular 
edema/inflammation and possible increased cardiac diameter[50].

In the initial stage of COVID-19, chest CT is characterized by single or multiple 
scattered patchy or agglomerated GGOs[51]. Subsequently, there may be an increase 
in the number and extent of lesions[52]. As far as the disease progresses, images show 
diffuse consolidation of the lungs, air bronchograms, and bronchial dilation. The 
resolution of the GGO and pulmonary consolidation occurs gradually, with some 
residual opacities remaining characteristic of fibrosis[53].

Chest CT may be useful for early diagnosis in cases of clinical suspicion, indefinite 
pulmonary abnormalities on CXR, and unavailable or negative RT-PCR test, and in the 
follow-up of severe cases[54].

A study used a chest CT severity score (CT-SS) that is based on the sum of scores 
from 20 regions of the lung. Each region receives a score from 0 to 2 according to the 
intensity of parenchymal opacification. A CT-SS threshold value of 19.5 was identified 
as a reliable cut-off to detect severe COVID-19, suggesting that this method may be 
useful in identifying people who need hospitalization[55]. Another method that aims 
to facilitate and standardize the assessment of patients with moderate-to-severe 
symptoms of COVID-19 on CT images is the COVID-19 reporting and data system 
(CO-RADS), which is determined according to the level of suspicion of pulmonary 
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involvement, varying from CO-RADS 1 (very low) to CO-RADS 5 (very high). 
Moreover, there are some extra classifications: CO-RADS 0 for technically insufficient 
tests and CO-RADS 6 for cases confirmed by RT-PCR[56]. Figure 2 summarizes the 
aforementioned scores.

Compared with the CXR, CT is more sensitive for detecting changes in the lung 
parenchyma in the early stages of the disease, besides enabling the monitoring of 
disease progression and possible differential diagnoses[57]. However, special attention 
is needed for non-infectious etiologies and other infectious causes, such as non-
COVID-19 viral pneumonia, Mycoplasma pneumoniae, Pneumocystis jiroveci, and 
pulmonary granulomatous infections that may be similar to CT findings in COVID-19. 
In these cases, clinical manifestations, laboratory tests, and immunological status 
should also be considered to assist in the differential diagnosis[58].

Furthermore, evidence shows that some patients with a CT pattern suggestive of 
COVID-19 pneumonia initially have a negative RT-PCR test result, suggesting the 
need to repeat the diagnostic tests if there is high clinical suspicion[59]. In this sense, it 
is even considered that chest CT should be performed in symptomatic patients who 
will undergo surgery in a context that requires a quick diagnosis and RT-PCR is not 
available. This is important considering the high perioperative mortality of patients 
infected with SARS-CoV-2[60].

Despite the potential advantages of CT, factors such as the period needed to clean 
the imaging exam rooms, the risk of viral transmission for healthcare professionals, 
and radiation exposure to the patient must also be considered[61]. There is no 
standard for the radiation dose in cases of COVID-19, but some studies suggest single-
phase, non-contrast, low-dose chest CT, which varies depending on factors such as the 
patient’s body habitus, in those of small and medium size, for example, volume CT 
dose index < 3 mGy can be sufficient[62].

Regarding diagnostic accuracy, a meta-analysis that included studies with high-risk 
patients for COVID-19 reported a relatively high sensitivity of chest CT ranging from 
92.9% to 97%, whereas specificity was poor, varying from 25% to 71.9%[63]. It is 
important to emphasize that these studies are influenced by several factors such as 
patient selection, disease prevalence, and medical interpretation, influencing the 
generalization of these results[64]. A French study[65], for example, suggested that 
chest CT has an important role in early diagnosis in areas with a high prevalence of 
COVID-19. However, Kim et al[66] indicated that in low-prevalence settings, many 
false positives can occur with the use of chest CT. Table 1 summarizes diagnostic 
accuracy values of CXR and CT for COVID-19.

Positron emission tomography combined with CT
Although positron emission tomography combined with CT (PET/CT) and the use of 
18F-fluorodeoxyglucose (18F-FDG) tracer in PET/CT are more complex than a simple 
chest CT, these imaging exams can provide morphological and functional information 
on infectious and inflammatory diseases[67]. The cells of the inflammatory process 
pick up 18F-FDG, which showed potential in the differential diagnosis of complex 
cases, as well as lung lesions caused by SARS-CoV-2[68].

18F-FDG PET/CT plays an important role in the evaluation of infectious and inflam-
matory lung diseases, including the detection of involved pulmonary segments, 
estimating the extent of the lesion, monitoring progression and responses to 
treatment[69]. In COVID-19, PET/CT could be used as a non-invasive full-body 
reading to assess chronic and substantial damage to the lungs and other organs[68]. In 
a previous study, 38.46% of patients submitted to 18F-FDG PET/CT were diagnosed 
with COVID-19 before undergoing RT-PCR. Therefore, the authors concluded that the 
test can possibly identify SARS-CoV-2 infection when the findings, clinical history, 
and epidemiological context are related[70]. Moreover, this exam should also be done 
to evaluate the impact of possible damage, especially in patients from groups at 
increased risk for severe disease who present with respiratory symptoms[71]. Previous 
studies have reported that the main COVID-19 imaging findings were accidentally 
detected in cancer patients submitted to the exam[72,73]. When these findings were 
correlated with clinical and epidemiological data, they strongly suggested the SARS-
CoV-2 infection[70], facilitating the patient’s management.

The main imaging findings reported using 18F-FDG PET/CT in COVID-19 are the 
presence of GGOs with areas of focal consolidation, mainly in the peripheral regions, 
as well as an interlobular septal thickening in one or both lungs[74,75]. Furthermore, 
positive 18F-FDG lymph nodes in the mediastinal, hilar, and subclavian regions can 
also be observed[74]. In the early stages, COVID-19 pneumonia presents with 
segmental GGO and nodal involvement in the peripheral and posterior regions of the 
lungs, while disease progression is accompanied by an increase in the number of 
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Table 1 Sensibility and specificity of chest X-Ray and computed tomography for diagnosing COVID-19

Chest X-Ray Computed tomography

61%[46] 90%[65]

55%1[108] 93%[109]

Sensibility

79%2[108] 97%[110]

76%[46] 91%[65]

83%1[108] 53%[109]

Specificity

70%2[108] 25%[110]

1At ≤ 2 d after symptom onset.
2At > 11 d after symptom onset.

Figure 2 Summary of chest computed tomography scores to assess coronavirus disease 2019. CT-SS: Computed tomography severity score; 
COVID-19: Coronavirus disease 2019; CO-RADS: COVID-19 Reporting and Data System; PO: Parenchymal opacification.

lesions as well as in their extension and density. In addition, a mosaic paving pattern 
and air bronchogram sign have also been identified[76].

The 18F-FDG PET/CT exam has important disadvantages. The test is still expensive 
and inaccessible for some people, especially those living in poor countries[77]. In 
addition, the low physical half-life, approximately 110 min, of 18F-FDG is a problem, 
because this limitation prevents the examination from being carried out in places 
distant from the producers of this tracer[78]. Another important difficulty associated 
with the use of this substance is that it is unable to differentiate distinct populations of 
immune cells and it is not specific for viral infections[72]. Thus, these limitations are 
very relevant when considering performing this exam.

The level of accuracy of this imaging exam in the diagnosis of COVID-19 is still 
uncertain. Therefore, further studies using larger cohorts are needed to understand the 
usefulness of this exam in COVID-19[68]. Of note, the long-term follow-up of patients 
is very important to identify possible chronic damage caused by COVID-19 and the 
role of 18F-FDG PET/CT in detecting such damage[71].

LUS
LUS has evolved over the years in the diagnosis of lung diseases, becoming in the 
current COVID-19 pandemic an alternative mode of first-line imaging because it is a 
viable and highly accurate imaging exam when used at the bedside[79]. It has the 
advantage of being an economical alternative, more accessible to low and middle-
income countries, available at the bedside, in real time, and free of radiation 
risks[30,80]. LUS can also assist in the screening of symptomatic patients, classification 
of disease severity, monitoring of patients with pulmonary findings, management 
related to mechanical ventilation, and treatment allocation and evaluation[81].
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The challenges of using ultrasound include prolonged operator exposure and the 
need for scanner plates and transducers that need to be completely disinfected, in 
addition, another limitation of this exam is that it cannot detect deep lesions in the 
lung[81,82]. Although a limited number of studies have evaluated this method in 
COVID-19, this procedure has high sensitivity and a high level of accuracy as a 
diagnostic tool for pneumonia, with a sensitivity of 93% and a specificity of 95% in the 
evaluation of patients with the disease. Some studies have also shown high sensitivity 
(93%-98%) for acute respiratory distress syndrome[82]. Thus, LUS is comparable to CT, 
but CT shows intra-pulmonary and apical lesions more clearly and comprehensively 
than LUS[29]. LUS is considered advantageous for detecting smaller lesions and 
peripulmonary effusions as well as pleural injuries, and is a dynamic and easily 
accessible method[34].

The evaluation of patients with COVID-19 using LUS often shows signs that include 
various forms of B-lines (often separated and coalescing), an irregular or fragmented 
pleural line, subpleural consolidations, pleural effusions, and absence of pulmonary 
slippage. These findings are variable and non-pathognomonic for SARS-CoV-2 
infection[34]. The specificity for this disease occurs when irregular bilateral vertical 
artifacts and multifocal white lung signs are present, suggesting interstitial-alveolar 
damage[83]. The demonstration of B-lines are described as laser-like hyperechoic 
artifacts that resemble a "comet tail" or "light beam" and have been commonly 
observed in cases of COVID-19 pneumonia; these B-lines may be associated with an 
interstitial syndrome and decreased aeration and when the confluents may appear as a 
"white lung" equivalent to the frosted glass opacities of CT. These characteristics 
suggest a more severe loss of lung aeration[84,29].

LUS has been a promising alternative, which can be performed very quickly, is non-
invasive, can be used to identify probable COVID-19 patients in association with RT-
PCR and to identify pulmonary involvement and possible complications, differen-
tiating acute signs of respiratory failure from normal function[80,85]. These character-
istics aid in the management of the patient, whether in defining the need for hospital-
ization, ventilation or another specific therapy, and of great importance in the current 
pandemic[85].

MRI 
MRI is not often performed in COVID-19, unlike CT[86]. However, when requested, a 
thoracic MRI is obtained with the respiratory navigator during the expiratory phase, 
thus providing valuable information for clinical evaluation[87]. MRI allows the 
detection of minute and fine aspects of the pulmonary parenchyma. Moreover, it 
detects pleural effusion and lymphadenopathy, and is a promising diagnostic tool in 
the detection of pulmonary nodules[88].

The most common finding in the thoracic MRI scan is GGO, which comes up due to 
slight interstitial thickening, edema, and hyaline membranes in the lung and may 
come together to form interlobular septum consolidation. This consolidation in 
COVID-19 occurs when there is increased density in the alveoli, and is multifocal, 
segmental, irregular, subpleural or peribroncovascular[88,89].

Due to the presence of the ACE2 receptor in other systems, the affinity between 
SARS-CoV-2 and ACE2, as well as other systemic consequences of this infection, can 
lead to cardiotoxicity and cardiovascular injury or thromboembolic event[90]. For this 
reason, greater attention should be paid to the possibility of some myocardial 
involvement even in recovered patients who had cardiac symptoms[91]. Within this 
framework, MRI has been of great value in patients with cardiovascular conditions, 
such as arrhythmias, fulminant myocarditis, and acute coronary syndromes[92].

In this context, cardiovascular MRI (CMR) allows the visualization of several 
myocarditis characteristics, such as contractile dysfunction, inflammatory edema, 
pulmonary artery filling defects, and necrosis[92,93]. The main methods are conven-
tional cine images, T2-weighted sequences, parametric T1 and T2 maps, and late 
gadolinium enhanced images. Thus, CMR allows an anatomical and functional 
evaluation, revealing the different patterns of cardiac tissue damage, whether inflam-
matory or ischemic[93].

Moreover, MRI has become a very efficient tool in the investigation of a possible 
relationship between SARS-CoV-2 and nervous system abnormalities. Some studies 
have already suggested a neurotropism of the virus in infected patients who present 
with persistent severe anosmia and dysgeusia[94]. In this context, significant 
differences are observed in the signal intensity emitted at MRI of the olfactory bulb in 
patients with anosmia, presenting a T2/FLAIR hyperintensity[95].
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The olfactory bulb MRI is very enlightening as it provides visualization of 
anatomical details and allows monitoring of the volume reduction of the bulb and 
respiratory tract that is directly linked to the clinical picture and presentation of 
anosmia[96]. This finding may be related to an initial inflammatory reaction of the 
nasal mucosa by the virus, as well as in the neuroepithelium of the olfactory fissure, in 
patients with a total loss of smell, affecting neural smell as was noted on MRI of 
anosmic patients[95].

It is important to note that, despite its importance, MRI is less available and more 
expensive than CT. However, its use is essential in the screening and monitoring of 
some serious neurological complications resulting from COVID-19 such as stroke, 
encephalitis, encephalopathy, and Guillain Barré syndrome[97].

The main indications for MRI are cases with worsening of the disease such as in the 
occurrence of acute necrotizing encephalopathy, with medial portion hypersignal of 
the thalamus on T2-weighted MRI and FLAIR sequences as well as in the subinsular 
region and medial portion of the temporal lobes from gadolinium ring uptake on T1-
weighted sequences[89]. Furthermore, the aforementioned radiological signals are 
often detected in patients seeking MRI for other reasons. Thus, the radiologist’s ability 
to recognize those characteristic findings is crucial to detect them even in patients 
without a prior COVID-19 diagnosis[86].

CHALLENGES FOR THE RADIOLOGY DEPARTMENT 
Infection control protocols
Radiologists, as they are among the health professionals exposed to COVID-19, must 
be aware of the infection control protocols, in order to prevent viral spreading among 
patients or between patients and healthcare professionals[31,98].

Firstly, an infection control team should be established for the radiology 
department[99]. It is important to use personal protection equipment (PPE), which is 
divided into categories according to the radiologists’ contact with patients[99]. In this 
sense, disposable protective caps, surgical masks, and goggles must be worn by 
everyone, as well as good hand hygiene[100]. For health professionals whose 
protection is level one, that is, people who manage registration and screening for 
review, disposable latex gloves and, if possible, N95 masks are recommended[100]. In 
levels two and three, which include those who perform diagnostic examinations such 
as X-Ray and CT in confirmed or suspected patients, should use the aforementioned 
PPE, plus a face shield as well as a disposable apron and shoe protectors[101,102]. 
Moreover, the people who are responsible for cleaning equipment and places, and 
those involved in the safe disposal of infectious medical waste, must use level two 
PPE[103]. Figure 3 illustrates the PPE indicated to prevent infection in the radiology 
room.

The removal of clothing should be carried out after contact with suspected or 
confirmed individuals, and new PPE is required to proceed with a new service. The 
patients must always wear surgical masks[101,103]. The equipment and the 
environment that the patient had contact with must undergo a decontamination 
process[82], using soap and water or a disinfectant such as alcohol and, after cleaning, 
it is recommended that the room be left unused for 1 h for air circulation[43,99].

Follow-up post-COVID-19
Another challenge that emerges for the radiologists during the pandemic is the post-
infection follow-up, i.e., to control complications and assist patients during recovery. 
Given the lack of concrete evidence on the long-term effects of COVID-19, the British 
Thoracic Society guidelines determined two follow-up algorithms[104]: (1) In patients 
who had the most severe COVID-19 pneumonia, it is suggested that a clinical review 
should be conducted between 4 to 6 wk after discharge and, if CXR still shows 
abnormalities, new radiography must be performed within 6-8 wk; (2) In patients who 
had mild or moderate COVID-19 pneumonia, it is suggested that CXR be performed 
12 wk after discharge[105].

However, a study of 110 patients followed for 8 to 12 wk after admission, pointed 
out that CXRs are not necessary in those who did not need oxygen during infection, 
because they are unlikely to present any abnormalities[106].

Another study noted that point-of-care ultrasound findings, performed after 
hospital discharge, assist in monitoring the progress of severe COVID-19 pneumonia. 
During follow-up, besides LUS, chest CT was used for patients with suspected 
residual lung injury as well as CT pulmonary angiography and echocardiography for 
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Figure 3 Safety measures to prevent infection in the radiology department. COVID-19: Coronavirus disease 2019.

patients with residual thromboembolic disease[107].

CONCLUSION
The COVID-19 pandemic has brought several challenges to health care systems. Due 
to the high rate of viral transmission, early diagnosis is essential to monitor and isolate 
the patient, reducing the risk of further contamination. In the initial phase of the 
pandemic, with the limited availability of RT-PCR tests, imaging techniques were 
important tools to assist in the diagnosis of COVID-19. Even with the improved 
availability of RT-PCR tests, over time, imaging remains useful not only for diagnosis 
but also for assessing disease progression and severity. Even in countries with 
financial and technical difficulties, imaging exams, if well managed, can assist in the 
diagnosis and monitoring of patients, enabling better results and reducing health 
costs. As the pandemic advances, some challenges are perpetuated, such as the need to 
maintain control to prevent and reduce risks of contamination in the radiology 
department, and others arise, such as the monitoring of post-COVID-19 patients. 
However, different to the initial phase of the pandemic, accumulated knowledge has 
enabled a better understanding of the main imaging findings associated with COVID-
19 and the regional guidelines provide guidance on the proper use of imaging 
modalities considering the reality of each location. In addition, the use of AI has 
contributed to a more accurate diagnosis in the radiology field.
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Abstract
BACKGROUND 
Few systematic comparative studies of the different methods of physical 
elastography of the spleen are currently available.

AIM 
To compare point shear wave and two-dimensional elastography of the spleen 
considering the anatomical location (upper, hilar, and lower pole).

METHODS 
As part of a prospective clinical study, healthy volunteers were examined for 
splenic elasticity using four different ultrasound devices between May 2015 and 
April 2017. The devices used for point shear wave elastography were from 
Siemens (S 3000) and Philips (Epiq 7), and those used for two-dimensional shear 
wave elastography were from GE (Logiq E9) and Toshiba (Aplio 500). In addition, 
two different software versions (5.0 and 6.0) were evaluated for the Toshiba 
ultrasound device (Aplio 500). The study consisted of three arms: A, B, and C.

RESULTS 
In study arm A, 200 subjects were evaluated (78 males and 122 females, mean age 
27.9 ± 8.1 years). In study arm B, 113 subjects were evaluated (38 men and 75 
women, mean age 26.0 ± 6.3 years). In study arm C, 44 subjects were enrolled. A 
significant correlation of the shear wave velocities at the upper third of the spleen 
(r = 0.33088, P < 0.0001) was demonstrated only for the Philips Epiq 7 device 
compared to the Siemens Acuson S 3000. In comparisons of the other ultrasound 
devices (GE, Siemens, Toshiba), no comparable results could be obtained for any 
anatomical position of the spleen. The influencing factors age, gender, and body 
mass index did not show a clear correlation with the measured shear wave 
velocities.

CONCLUSION 
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The absolute values of the shear wave elastography measurements of the spleen 
and the two different elastography methods are not comparable between different 
manufacturers or models.

Key Words: Ultrasonography; Elastography; Spleen; Healthy subjects; Acoustic radiation 
force impulse; Two-dimensional shear-wave elastography; Point shear wave elastography
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Core Tip: Measurement of shear wave velocity in the spleen has been increasingly used 
in prognostic assessment of esophageal varices and as a marker of portal hypertension. 
The current recommendations of medical societies for splenic elastography note 
methodological limitations in transient elastography. Currently, whether the different 
elastography methods and shear wave measurements with different ultrasonic devices 
provide comparable results has not been clarified. Our results show that the most 
reliable measurements for all devices were obtained at the lower pole of the spleen. 
However, absolute values of splenic shear wave elastography measurements are not 
transferable between manufacturers or models.

Citation: Nowotny F, Schmidberger J, Schlingeloff P, Binzberger A, Kratzer W. Comparison of 
point and two-dimensional shear wave elastography of the spleen in healthy subjects. World J 
Radiol 2021; 13(5): 137-148
URL: https://www.wjgnet.com/1949-8470/full/v13/i5/137.htm
DOI: https://dx.doi.org/10.4329/wjr.v13.i5.137

INTRODUCTION
Ultrasound shear wave elastography is gaining importance in diagnostics for a variety 
of diseases[1-4]. In recent years, several ultrasound-based elastography techniques 
have been developed for non-invasive quantitative assessment of tissue elasticity, 
primarily liver stiffness[5]. The first method in this field was transient elastography 
(TE) by FibroScan. A newer generation of elastography techniques that do not require 
mechanical pulses to generate shear waves, but instead use high-intensity ultrasound 
waves, is summarized as acoustic radiation force impulse (ARFI) elastography. 
Compared to TE, ARFI techniques are more precise and allow more valid 
measurements, even in patients with high body mass index (BMI) or ascites[6].

Currently, there are two different techniques that work on the basis of this principle, 
both of which can be generally summarized under the term shear wave elastography: 
point shear wave elastography (pSWE) and two-dimensional shear wave elastography 
(2D-SWE)[5]. Different manufacturers have increasingly integrated p-SWE and 2D-
SWE techniques into their ultrasound scanners. In a meta-analysis, the pSWE and 2D-
SWE techniques showed significantly better results than FibroScan with respect to the 
rate of unreliable measurements in healthy subjects and in patients with chronic liver 
disease[6]. However, some of the study populations examined in the comparative 
studies were small and, often, only two different ultrasound devices from different 
manufacturers were compared[7-9]. Recent studies with larger samples have shown 
good agreement between the p-SWE and 2D-SWE techniques for different manufac-
turers, with slightly lower shear wave velocities for 2D-SWE depending on the 
software version used[10-12]. Furthermore, various factors, such as fasting time, 
breathing, and BMI, can substantially affect the measurement of shear wave velocities 
and, therefore, must be taken into account when interpreting the results[5]. A recent 
meta-analysis of 2D-SWE reconfirmed the higher reliability of the method compared to 
the other ultrasound elastography methods as demonstrated in various studies[6].

In recent years, the measurement of splenic stiffness has increasingly become the 
focus of scientific investigations, especially for prognostic assessment of esophageal 
varices and as a marker of portal hypertension[13-15]. In a recent meta-analysis, Song 
et al[16] demonstrated a good correlation between splenic stiffness and blood pressure 
measured by hepatic venous pressure gradient. The current recommendations of the 
European Federation of Societies for Ultrasound in Medicine and Biology (EFSUMB) 
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note obvious methodological limitations for transient splenic ultrasonography, 
especially in patients with high BMI, the detection of ascites and pulmonary or colonic 
gas overlays, and in patients with a splenic diameter < 4 cm. The successful 
application of TE in measuring splenic elasticity has been reported to be approx-
imately 70%[15]. With few studies currently available on 2D-SWE, the technology has 
been viewed critically in the assessment of splenic stiffness[15,17]. For p-SWE, recent 
studies report sensitivity of up to 97% for the measurement of splenic stiffness, but 
spleen size, adiposity, and abdominal wall thickness seem to affect reproducibility in 
p-SWE[15,18-21]. In addition to the above parameters, the anatomical position for 
measurement in splenic elastography seems to influence the results. To date, most 
elastography studies on the spleen have performed measurements at undefined 
anatomic positions or different splenic poles[22-26].

To the best of our knowledge, no comparative studies are currently available on 
different elastography methods (e.g., pSWE, 2D-SWE) for sonoelastographic 
measurement of splenic stiffness taking into account the anatomical location of the 
measurement in healthy volunteers. The aim of the present study was to compare 2D-
SWE to p-SWE in healthy volunteers taking into account whether the measurement is 
performed in the upper, middle, or lower third of the spleen.

MATERIALS AND METHODS
Study process
The study consisted of three arms: A, B, and C (Figure 1). Arm A tested four 
ultrasound devices: the Siemens Acuson S3000, Toshiba Aplio 500 (software version 
5.0), Philips Epiq 7, and GE Logiq E9. We chose the Siemens S3000 ultrasound scanner 
as the reference device because the largest number of studies exist for this ultrasound 
scanner or its predecessor, the Siemens S2000[27-29]. The Siemens S3000 and Philips 
Epiq 7 devices use p-SWE technology, and the Aplio 500 Toshiba and GE Logiq E9 
devices use 2D-SWE technology. Study arm A showed that the Toshiba Aplio 500 
device (software version 5.0) generated strongly deviating results compared to the 
other ultrasound devices tested. Due to the divergent results between Toshiba Aplio 
500 (version 5.0) and the other tested devices, especially the reference device, the 
Toshiba Aplio 500 was tested using software version 6.0 against the Siemens Acuson 
S3000 in study arm B. In study arm C, the results of study arms A and B were 
compared to investigate the differences between the two different software versions of 
the Toshiba Aplio 500. Study arm A was conducted from May 2015 to September 2015 
and study arm B from November 2016 to April 2017.

Subjects
Initially, 282 subjects were included in study arm A. Due to incomplete measurements 
and invalid data and measurements, the data sets of 200 subjects could be evaluated. 
In study arm B, 151 subjects were initially recruited, but because of missing or 
incomplete data 113 subjects could be analyzed. The characteristics of the subjects in 
study arms A and B are given in Table 1. Study arm C included 44 subjects. The same 
study protocol applied to both study arms. Only subjects who met the inclusion 
criteria and provided informed written consent to participate in the study were 
recruited. The study had a positive vote from the local ethics committee (No. 415/15) 
and was conducted according to the guidelines of the Declaration of Helsinki[30]. The 
inclusion criteria in the study were age ≥ 18 years; no history of hepatopathies (viral 
hepatides, hemacromatosis, autoimmune hepatitis, toxic hepatides, Wilson's disease) 
or other chronic diseases, such as diabetes or arterial hypertension; fasting period ≥ 3 h 
before ultrasound examination; BMI < 30 kg/m² and > 18 kg/m²; normal findings on 
previous abdominal ultrasonography, specifically normal echogenicity, texture, and 
size of the liver (≤ 16 cm) and normal echogenicity and size of the spleen (up to 14 cm 
length allowed); and alcohol consumption < 40 g/d in men and < 20 g/d in women.

Ultrasound and elastography examinations of the spleen
Before elastography, standardized abdominal ultrasonography of the liver and spleen 
in B-mode was performed in each subject to document the liver size, echogenicity, and 
parenchymal structure and the spleen size, shape, and parenchymal and vascular 
status. Subjects with pathological findings on focused abdominal ultrasonography 
were excluded from the study. One subject at a time was examined by one investigator 
using all devices. Study arm A had 6 investigators and study arm B had 2 invest-
igators; an experienced supervisor (> 5000 examinations/year) was available in case of 
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Table 1 Characteristics of subjects included in study arms A and B and their overlap, n (%)

Study arm A (n = 200) Study arm B (n = 113) Overlap C (n = 44)

Frequency mean ± SD Frequency mean ± SD Frequency mean ± SD

Gender

Male 78 (39.00) 38 (30.6) 10 (22.73)

Female 122 (61.00) 75 (66.4) 34 (77.27)

Age

< 30 yr 154 (77.00) 98 (86.7) 34 (77.27)

≥ 30 yr 46 (23.00)

27.93 ± 8.13

15 (13.3)

25.95 ± 6.26

10 (22.73)

27.11 ± 5.64

BMI

BMI < 25 166 (83.0) 103 (91.2) 38 (86.36)

BMI ≥25 34 (17.00)

22.56 ± 2.57

10 (8.9)

21.64 ± 2.24

6 (13.64)

21.60 ± 2.67

Alcohol consumption

None 18 (9.00)

8.17 ± 9.70

9 (8.0)

6.73 ± 8.35

9 (20.45)

6.22 ± 7.95

Less 1/mo 28 (14.00) 17 (15.0) 3 (6.82)

Several times per month 106 (53.00) 71 (62.8) 28 (63.64)

Several times per week 48 (24.00) 16 (14.2) 4 (9.09)

Fasting time 3.74 ± 1.84 4.47 ± 2.80 4.11 ± 1.65

Spleen length (mm) 105.44 ± 14.80 105.53 ± 14.16 101.66 ± 13.78

Median (min-max) 105.50 (61-144) 106.00 (65-144) 100.50 (75-137)

Spleen depth (mm) 35.38 ± 6.19 35.28 ± 6.38 34.25 ± 5.59

Median (min-max) 35.50 (21-56) 35.00 (21-56) 34.00 (24-48)

BMI: Body mass index.

unclear findings. Splenic elastography was performed in all subjects in the supine 
position with the left arm maximally abducted and in expiration. Care was taken to 
place the transducer at right angles to the splenic capsule as much as possible. Shear 
wave velocity measurements were obtained in meters per second at each of three 
anatomic positions: the upper, middle, and lower thirds of the spleen (Figure 2). Five 
valid measurements were obtained per anatomic position using the Philips Epiq 7 and 
Siemens Acuson S3000 to calculate a median and mean value. A total of 15 
measurements per spleen were performed using p-SWE. Elastographic studies on the 
Toshiba Aplio 500, GE Logiq E9, and Siemens Acuson S3000 were performed with 
convex transducers (6C1HD, 1.5-5.5 MHz) and on the Philips Epiq 7 with one 
transducer (5C1 HD, 1-5 MHz). The preset region of interest (ROI) was 10 mm × 5 mm 
for Siemens. The ROI for the other manufacturers was set to 10 mm × 10 mm. As the 
quality of the generated shear waves can be visualized with the Toshiba Aplio 500 and 
GE Logiq E9, the investigator could directly assess the reliability of the measurement; 
therefore, with these devices only one measurement was made per measurement site 
(three measurements per spleen). The measurements were considered reliable as soon 
as the shear waves could be displayed in parallel in the defined ROI. If this was not the 
case, the measurement was repeated until the required quality was achieved. If this 
was not successful, the subject was excluded from the study (Figure 1).

Statistical analysis
All statistical analyses were performed using SAS Version 9.4 software (SAS Institute, 
Cary, North Carolina, United States). Normal distribution was tested with the Shapiro-
Wilk test. Differences were determined using the non-parametric Wilcoxon rank sum 
test. Potential confounding variables, such as age and BMI, were taken into account 
with partial correlation analyses. The inter-observer reliability (ICC) was used to 
determine the reliability of the agreement of measurements between the examiners. 
All tests were two-sided. P < 0.05 was considered significant according to the specified 



Nowotny F et al. Shear wave elastography of the spleen

WJR https://www.wjgnet.com 141 May 28, 2021 Volume 13 Issue 5

Figure 1 Flow chart of study arm inclusion and exclusion.

Figure 2 Illustration of the examination of the spleen. A: B-Mode Ultrasound image of the spleen; B: Upper spleen pole; C: Middle spleen pole; and D: 
Lower spleen pole.

α = 0.05, with a probability of error of 5%.

Biostatistics
The statistical methods of this study were reviewed by Dr. Julian Schmidberger, MPH, 
Ph.D., from the Department of Internal Medicine I, University Hospital Ulm, Albert-
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Einstein-Allee 2389081 Ulm, Germany.

RESULTS
Ultrasound device comparison depending on the anatomical measurement position 
in study arm A
In our study the ICC was 0.83 (95%-KI 0.74-0.89), being comparable to similar 
studies[31,32]. The comparison between the Siemens Acuson S3000 and GE Logiq E9, 
taking into account age, BMI, and gender, showed no correlation of the collected 
measurements at any of the three anatomical measurement positions (Tables 2 and 3). 
Comparison of the Philips Epiq 7 with the Siemens Acuson S3000 demonstrated a 
significant correlation of the shear wave velocity of the two devices as a function of 
age, BMI, and gender at the upper third of the spleen (r = 0.33088, P < 0.0001). We 
found no correlation of the measurements at the lower or middle third of the spleen 
(Table 4). Examination of the splenic elastography by the Toshiba Aplio 500 compared 
to the Siemens Acuson S3000 revealed no correlation of the measured results at any of 
the three anatomical positions (Table 4). With overall poor correlations between the 
measurements by the different ultrasound devices, higher agreement was found 
between devices using identical shear wave technology, especially p-SWE.

Influence of age, sex, and BMI on shear wave velocities in the spleen in study arm A
For the Siemens Acuson S3000 (p-SWE), GE Logiq E9 (2D-SWE), and Philips Epiq 7 (p-
SWE), no significant correlation was detected between age and splenic elasticity. For 
the Toshiba Aplio 500 (version 5.0; 2D-SWE), we found a significant correlation at the 
lower and middle third of the spleen (P < 0.05). A correlation was also found between 
gender and spleen elasticity for the Siemens Acuson S3000 at all anatomical positions (
P < 0.05). For the Toshiba Aplio 500 (software version 5.0), an influence of gender was 
determined for the anatomical location (upper and lower third; P < 0.05). For the GE 
Logiq E9, there was a significant correlation with gender at the upper third of the 
spleen (P < 0.05). For the Philips Epiq 7, no significant correlation with gender was 
detected at any position. A significant correlation with BMI was demonstrated for the 
Toshiba Aplio 500 (version 5.0) at the lower third of the spleen (P < 0.05) and for the 
GE Logiq E9 at the middle third of the spleen (P < 0.05). No correlation between BMI 
and changed shear wave velocities at the spleen were detected for the Siemens and 
Philips devices.

Ultrasound device comparison depending on the anatomical measurement position 
in study arm B
In study arm B, the Siemens device was compared against a newer software version 
(6.0) of the Toshiba Aplio 500 device. Using the mean values an controlling for age, 
BMI, and gender, a significant correlation of the shear wave velocities of the two 
devices was shown for the upper and lower thirds of the spleen (Tables 2 and 4, 
Figure 3).

Influence of age, sex, and BMI on shear wave velocities in the spleen in study arm B
In study arm B, no correlation was found between the measured heavy-wave velocities 
and gender or BMI for both devices tested. In addition, no correlation could be 
demonstrated for age and shear wave velocity with the Siemens device. Only for the 
Toshiba Aplio 500 (version 6.0) did we find a significant correlation between age and 
the measured shear wave velocities, but only for the lower third of the spleen (P < 
0.05).

Study arm C
With the help of the subgroup of 44 subjects, we compared the measurements made 
with the two software versions of the Toshiba Aplio 500 (Tables 1 and 3). All shear 
wave values obtained with the version 6.0 were significantly lower than those 
obtained with version 5.0 (P < 0.0001). The mean values differed by 33.0% in the upper 
third (3.46 m/s vs 2.32 m/s), by 14.0% in the middle third (2.94 m/s vs 2.53 m/s), and 
by 25.4% in the lower third (3.38 m/s vs 2.52 m/s).
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Table 2 Location and dispersion measures of shear wave velocity at the spleen measured with the Toshiba Aplio 500 version 5.0 and 
version 6.0, Siemens S3000, GE Logiq E9, and Philips Epiq 7 devices, n (%)

Study arm A (n = 200) Study arm B (n = 131)

Upper pole Middle pole Lower pole Upper pole Middle pole Lower pole

Toshiba Aplio 500, mean ± 
SD

3.35 ± 0.92 2.90 ± 0.45 3.38 ± 0.65 2.34 ± 0.29 2.48 ± 0.26 2.48 ± 0.28

Median (Min-Max) 3.12 (2.20-6.94) 2.84 (1.94-4.86) 3.36 (1.50-5.92) 2.36 (1.42-3.36) 2.48 (1.82-3.02) 2.45 (1.84-3.25)

Siemens S3000, mean ± SD 2.05 ± 0.54 2.53 ± 0.44 2.53 ± 0.58 2.39 ± 0.33 2.63 ± 0.28 2.49 ± 0.34

Median (Min-Max) 2.04 (0.73-3.77) 2.49 (1.27-3.73) 2.47 (1.39-4.59) 2.39 (1.52-3.86) 2.62 (1.97-3.36) 2.50 (1.53-3.58)

GE Logiq E9, mean ± SD 2.20 ± 0.51 1.86 ± 0.44 1.53 ± 0.44 - - -

Median (Min-Max) 2.23 (1.10-6.26) 1.88 (0.71-3.02) 1.48 (0.77-2.84)

Philips Epiq 7, mean ± SD 1.88 ± 0.40 1.89 ± 0.38 2.30 ± 0.87 - - -

Median (Min-Max) 1.90 (0.88-3.10) 1.91 (0.93-3.12) 2.17 (0.99-10.62)

Table 3 Position and stress measurements of shear wave velocities measured with the Toshiba Aplio 500 version 5.0 and version 6.0

Overlap C (n = 44) Upper pole Middle pole Lower pole

Toshiba Aplio 500 V.5.0, mean ± SD 3.46 ± 0.52 2.94 ± 0.52 3.38 ± 1.02

Median (Min-Max) 3.45 (2.54-5.13) 2.80 (2.27-4.86) 3.14 (2.25-6.53)

Toshiba Aplio 500 V.6.0, mean ± SD 2.32 ± 0.34 2.53 ± 0.25 2.52 ± 0.29

Median (Min-Max) 2.36 (1.42-3.36) 2.56 (1.85-2.94) 2.46 (1.93-3.25)

Table 4 Correlation of the heavy wave velocities of the Toshiba Aplio 500 version 5.0 and version 6.0, GE Logiq E9, and Philips Epiq 7 
devices with the Siemens S3000

Siemens S3000

Study arm A (n = 200) Study arm B (n = 131)

Device Pole R value P value R value P value

Lower pole -0.08792 0.2193 0.19863 0.0375

Middle pole 0.13632 0.0561 0.13438 0.1616

Toshiba Aplio 500 

Upper pole 0.03951 0.5815 0.24951 0.0086

Lower pole -0.03307 0.6446 - -

Middle pole -0.04941 0.4905 - -

GE Logiq E9

Upper pole 0.04744 0.5079 - -

Lower pole 0.04894 0.4947 - -

Middle pole 0.12321 0.0845 - -

Philips Epiq 7

Upper pole 0.33088 < 0.0001 - -

DISCUSSION
This study is the first to compare four ARFI-based ultrasound elastography methods, 
two pSWE techniques and two 2D-SWE techniques, from different manufacturers in 
healthy volunteers taking into account the anatomical location of the measurement of 
the spleen. Our results show that the anatomical position must be taken into account 
for splenic elastography. The best results were obtained with the lower pole of the 
spleen. Furthermore, when interpreting the results using different elastography 
techniques, attention must be paid to possible limitations in device compatibility. The 
absolute values of the shear wave elastography measurements of the spleen are not 
transferable between different manufacturers or models.
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Figure 3 Boxplot diagram illustrating the measurements on the Toshiba Aplio 400 version 6.0 and Siemens devices for the different 
splenic sections. ARFI: Acoustic radiation force impulse.

In previous studies of the spleen, the measurements were performed at undefined 
areas or different splenic poles (upper, middle, lower third)[22-26]. Giuffrè et al[33] 
preferably investigated the lower pole, Albayrak et al[21] performed shear wave 
elastography of the middle third of the spleen, and Karlas et al[34] performed 
measurements in an insufficiently defined area between the middle and lower thirds 
of the spleen. Our results show that the lower third of the spleen is the best anatomical 
measurement position due to good visibility, as shown by other research 
groups[26,35-37]. Our results also confirm the recommendations of the EFSUMB to 
perform elastography on the lower third of the spleen[16]. The upper third does not 
seem to be suitable for measurements because its anatomical position often makes it 
difficult or impossible to see by inspiration, as it is partly overlapped by the lung or 
intestinal segments and located far away from the transducer. Our results confirm that 
readings should not be assumed to be transferable from one anatomic region of the 
spleen to another. Whether this is due to the tissue itself or to the examination 
conditions, such as poor visibility of the upper third, is currently not clear. A previous 
study reported that the measurement differences between devices and investigators 
can be up to 15%[38]. In a recent study patients with chronic hepatitis C virus infection 
show a good agreement of p-SWE and 2D-SWE in patients with F2-F4 fibrosis[39]. 
Since only healthy subjects were examined in our collective, these results cannot 
simply be transferred to the situation in patients with chronic hepatitis C and to the 
spleen[39]. In addition, our results show that without considering the anatomic site of 
measurement for splenic elastography, reliable measurement results cannot be 
obtained, regardless of the method used. Again, our results confirm the recommend-
ations of medical societies that the absolute shear wave values are not comparable 
between different systems and manufacturers[5].

We could not demonstrate any correlation between age and the measured shear 
wave velocities. This finding is in accordance with the results of recent publications 
that could not demonstrate any influence of age on the measured shear wave velocities 
regardless of the shear wave elastography technique used[20,21,33,40,41]. However, an 
age-related correlation was previously demonstrated in children and adolescents 
younger than 18 years[42,43]. Independent of the shear wave technique, our study 
showed a contradictory picture regarding the influence of gender on the measured 
heavy wave velocities. For both the Siemens device (p-SWE) and the GE device (2D-
SWE), gender-specific shear wave velocities were detected. This was not possible for 
the Philips device (p-SWE). Most of the available studies could not prove any gender-
specific influence on the shear wave velocities[21,35,42,44]. A study of healthy children 
and adolescents concluded that gender influences elastography at the spleen[43]. The 
influence of BMI on spleen shear wave velocity was not clear according to other 
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research groups[21,33,44]. The influence of abdominal wall thickness on shear wave 
velocities has not yet been clarified[17,19,20,26] and this parameter was not assessed in 
our study. Future studies investigating BMI and abdominal wall thickness as 
influencing factors seem to be necessary.

A limitation of our study is that the defined exclusion criteria were only inquired 
about anamnestically, and advanced or still undiagnosed diseases could only be 
excluded by abdominal ultrasonography. Here, in contrast to other studies, no 
laboratory parameters were determined[22,24]. Also no information on unsuccessful 
mesaurements was collected during the study. However, due to the predominantly 
healthy young and slim probands, a low number of unsuccessful measurements can be 
assumed[45]. Histological examination could not be performed either, as this was 
ethically unacceptable in young healthy subjects. Compared to current studies and 
recommendations regarding liver elastography, the low number of measurements in 
our study is a major limitation. At each position, one measurement was performed 
with 2D-SWE and five measurements with pSWE. The EFSUMB currently 
recommends three to five measurements for 2D-SWE in order to obtain good 
measurements[40]. Karlas et al[34] also recommend between eight and ten 
measurements for pSWE of the spleen in order to obtain the most accurate shear wave 
velocities.

CONCLUSION
In conclusion, the absolute values of the shear wave elastography measurements of the 
spleen and the two different elastography methods are not comparable between 
different manufacturers or models. Further studies are needed to confirm the present 
study results.

ARTICLE HIGHLIGHTS
Research background
Measurement of shear wave velocity in the spleen has been increasingly used in 
prognostic assessment of esophageal varices and as a marker of portal hypertension. 
Few systematic comparative studies of the different methods of physical elastography 
of the spleen are currently available.

Research motivation
Currently, whether the different elastography methods and shear wave measurements 
with different ultrasonic devices provide comparable results have not been clarified.

Research objectives
The objective of the study was to compare point shear wave and two-dimensional 
elastography of the spleen considering the anatomical location (upper, hilar, and lower 
pole).

Research methods
As part of a prospective clinical study, healthy volunteers were examined for splenic 
elasticity using four different ultrasound devices between May 2015 and April 2017. 
The devices used for point shear wave elastography were from Siemens (S 3000) and 
Philips (Epiq 7), and those used for two-dimensional shear wave elastography were 
from GE (Logiq E9) and Toshiba (Aplio 500). In addition, two different software 
versions (5.0 and 6.0) were evaluated for the Toshiba ultrasound device (Aplio 500). 
The study consisted of three arms: A, B, and C.

Research results
In study arm A, 200 subjects were evaluated (78 males and 122 females, mean age 27.9 
± 8.1 years). In study arm B, 113 subjects were evaluated (38 men and 75 women, mean 
age 26.0 ± 6.3 years). In study arm C, 44 subjects were enrolled. A significant 
correlation of the shear wave velocities at the upper third of the spleen (r = 0.33088, P 
< 0.0001) was demonstrated only for the Philips Epiq 7 device compared to the 
Siemens Acuson S 3000. In comparisons of the other ultrasound devices (GE, Siemens, 
Toshiba), no comparable results could be obtained for any anatomical position of the 
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spleen. The influencing factors age, gender, and body mass index did not show a clear 
correlation with the measured shear wave velocities.

Research conclusions
The absolute values of the shear wave elastography measurements of the spleen and 
the two different elastography methods are not comparable between different 
manufacturers or models.

Research perspectives
However, absolute values of splenic shear wave elastography measurements are not 
transferable between manufacturers or models.

ACKNOWLEDGEMENTS
Members of the Elastography Study Group: Hadeel Gamal El-Deen Abd El-Moniem, 
Gräter Tilmann, Hesse Julian, Klimesch Benjamin, Maaß Marie, Schall Katrin.

REFERENCES
Li J, Chen M, Cao CL, Zhou LQ, Li SG, Ge ZK, Zhang WH, Xu JW, Cui XW, Dietrich CF. 
Diagnostic Performance of Acoustic Radiation Force Impulse Elastography for the Differentiation of 
Benign and Malignant Superficial Lymph Nodes: A Meta-analysis. J Ultrasound Med 2020; 39: 213-
222 [PMID: 31343772 DOI: 10.1002/jum.15096]

1     

Dietrich CF, Hocke M. Elastography of the Pancreas, Current View. Clin Endosc 2019; 52: 533-540 
[PMID: 31311914 DOI: 10.5946/ce.2018.156]

2     

Wee TC, Simon NG. Ultrasound elastography for the evaluation of peripheral nerves: A systematic 
review. Muscle Nerve 2019; 60: 501-512 [PMID: 31269240 DOI: 10.1002/mus.26624]

3     

Cornelson SM, Ruff AN, Perillat M, Kettner NW. Sonoelastography of the trunk and lower extremity 
muscles in a case of Duchenne muscular dystrophy. J Ultrasound2019 epub ahead of print [PMID: 
31256365 DOI: 10.1007/s40477-019-00394-1]

4     

Dietrich CF, Bamber J, Berzigotti A, Bota S, Cantisani V, Castera L, Cosgrove D, Ferraioli G, 
Friedrich-Rust M, Gilja OH, Goertz RS, Karlas T, de Knegt R, de Ledinghen V, Piscaglia F, Procopet 
B, Saftoiu A, Sidhu PS, Sporea I, Thiele M. EFSUMB Guidelines and Recommendations on the 
Clinical Use of Liver Ultrasound Elastography, Update 2017 (Long Version). Ultraschall Med 2017; 
38: e16-e47 [PMID: 28407655 DOI: 10.1055/s-0043-103952]

5     

Kim DW, Park C, Yoon HM, Jung AY, Lee JS, Jung SC, Cho YA. Technical performance of shear 
wave elastography for measuring liver stiffness in pediatric and adolescent patients: a systematic 
review and meta-analysis. Eur Radiol 2019; 29: 2560-2572 [PMID: 30617493 DOI: 
10.1007/s00330-018-5900-6]

6     

Bota S, Herkner H, Sporea I, Salzl P, Sirli R, Neghina AM, Peck-Radosavljevic M. Meta-analysis: 
ARFI elastography vs transient elastography for the evaluation of liver fibrosis. Liver Int 2013; 33: 
1138-1147 [PMID: 23859217 DOI: 10.1111/Liv.12240]

7     

Sporea I, Bota S, Jurchis A, Sirli R, Grădinaru-Tascău O, Popescu A, Ratiu I, Szilaski M. Acoustic 
radiation force impulse and supersonic shear imaging vs transient elastography for liver fibrosis 
assessment. Ultrasound Med Biol 2013; 39: 1933-1941 [PMID: 23932281 DOI: 
10.1016/j.ultrasmedbio.2013.05.003]

8     

Mulazzani L, Salvatore V, Ravaioli F, Allegretti G, Matassoni F, Granata R, Ferrarini A, Stefanescu 
H, Piscaglia F. Point shear wave ultrasound elastography with Esaote compared to real-time 2D shear 
wave elastography with supersonic imagine for the quantification of liver stiffness. J Ultrasound 
2017; 20: 213-225 [PMID: 28900522 DOI: 10.1007/s40477-017-0260-7]

9     

Gress VS, Glawion EN, Schmidberger J, Kratzer W. Comparison of Liver Shear Wave Elastography 
Measurements using Siemens Acuson S3000, GE LOGIQ E9, Philips EPIQ7 and Toshiba Aplio 500 
(Software Versions 5.0 and 6.0) in Healthy Volunteers. Ultraschall Med 2019; 40: 504-512 [PMID: 
30352452 DOI: 10.1055/a-0651-0542]

10     

Ferraioli G, De Silvestri A, Lissandrin R, Maiocchi L, Tinelli C, Filice C, Barr RG. Evaluation of 
Inter-System Variability in Liver Stiffness Measurements. Ultraschall Med 2019; 40: 64-75 [PMID: 
29566420 DOI: 10.1055/s-0043-124184]

11     

Mjelle AB, Mulabecirovic A, Havre RF, Rosendahl K, Juliusson PB, Olafsdottir E, Gilja OH, 
Vesterhus M. Normal Liver Stiffness Values in Children: A Comparison of Three Different 
Elastography Methods. J Pediatr Gastroenterol Nutr 2019; 68: 706-712 [PMID: 30889132 DOI: 
10.1097/MPG.0000000000002320]

12     

Mazur R, Celmer M, Silicki J, Hołownia D, Pozowski P, Międzybrodzki K. Clinical applications of 
spleen ultrasound elastography - a review. J Ultrason 2018; 18: 37-41 [PMID: 29844939 DOI: 
10.15557/JoU.2018.0006]

13     

http://www.ncbi.nlm.nih.gov/pubmed/31343772
https://dx.doi.org/10.1002/jum.15096
http://www.ncbi.nlm.nih.gov/pubmed/31311914
https://dx.doi.org/10.5946/ce.2018.156
http://www.ncbi.nlm.nih.gov/pubmed/31269240
https://dx.doi.org/10.1002/mus.26624
http://www.ncbi.nlm.nih.gov/pubmed/31256365
https://dx.doi.org/10.1007/s40477-019-00394-1
http://www.ncbi.nlm.nih.gov/pubmed/28407655
https://dx.doi.org/10.1055/s-0043-103952
http://www.ncbi.nlm.nih.gov/pubmed/30617493
https://dx.doi.org/10.1007/s00330-018-5900-6
http://www.ncbi.nlm.nih.gov/pubmed/23859217
https://dx.doi.org/10.1111/Liv.12240
http://www.ncbi.nlm.nih.gov/pubmed/23932281
https://dx.doi.org/10.1016/j.ultrasmedbio.2013.05.003
http://www.ncbi.nlm.nih.gov/pubmed/28900522
https://dx.doi.org/10.1007/s40477-017-0260-7
http://www.ncbi.nlm.nih.gov/pubmed/30352452
https://dx.doi.org/10.1055/a-0651-0542
http://www.ncbi.nlm.nih.gov/pubmed/29566420
https://dx.doi.org/10.1055/s-0043-124184
http://www.ncbi.nlm.nih.gov/pubmed/30889132
https://dx.doi.org/10.1097/MPG.0000000000002320
http://www.ncbi.nlm.nih.gov/pubmed/29844939
https://dx.doi.org/10.15557/JoU.2018.0006


Nowotny F et al. Shear wave elastography of the spleen

WJR https://www.wjgnet.com 147 May 28, 2021 Volume 13 Issue 5

Gibiino G, Garcovich M, Ainora ME, Zocco MA. Spleen ultrasound elastography: state of the art and 
future directions - a systematic review. Eur Rev Med Pharmacol Sci 2019; 23: 4368-4381 [PMID: 
31173311 DOI: 10.26355/eurrev_201905_17944]

14     

Săftoiu A, Gilja OH, Sidhu PS, Dietrich CF, Cantisani V, Amy D, Bachmann-Nielsen M, Bob F, 
Bojunga J, Brock M, Calliada F, Clevert DA, Correas JM, D'Onofrio M, Ewertsen C, Farrokh A, 
Fodor D, Fusaroli P, Havre RF, Hocke M, Ignee A, Jenssen C, Klauser AS, Kollmann C, Radzina M, 
Ramnarine KV, Sconfienza LM, Solomon C, Sporea I, Ștefănescu H, Tanter M, Vilmann P. The 
EFSUMB Guidelines and Recommendations for the Clinical Practice of Elastography in Non-Hepatic 
Applications: Update 2018. Ultraschall Med 2019; 40: 425-453 [PMID: 31238377 DOI: 
10.1055/a-0838-9937]

15     

Song J, Huang J, Huang H, Liu S, Luo Y. Performance of spleen stiffness measurement in prediction 
of clinical significant portal hypertension: A meta-analysis. Clin Res Hepatol Gastroenterol 2018; 42: 
216-226 [PMID: 29223365 DOI: 10.1016/j.clinre.2017.11.002]

16     

Cassinotto C, Charrie A, Mouries A, Lapuyade B, Hiriart JB, Vergniol J, Gaye D, Hocquelet A, 
Charbonnier M, Foucher J, Laurent F, Chermak F, Montaudon M, de Ledinghen V. Liver and spleen 
elastography using supersonic shear imaging for the non-invasive diagnosis of cirrhosis severity and 
oesophageal varices. Dig Liver Dis 2015; 47: 695-701 [PMID: 25959234 DOI: 
10.1016/j.dld.2015.04.008]

17     

Takuma Y, Nouso K, Morimoto Y, Tomokuni J, Sahara A, Takabatake H, Matsueda K, Yamamoto 
H. Portal Hypertension in Patients with Liver Cirrhosis: Diagnostic Accuracy of Spleen Stiffness. 
Radiology 2016; 279: 609-619 [PMID: 26588019 DOI: 10.1148/radiol.2015150690]

18     

Balakrishnan M, Souza F, Muñoz C, Augustin S, Loo N, Deng Y, Ciarleglio M, Garcia-Tsao G. 
Liver and Spleen Stiffness Measurements by Point Shear Wave Elastography via Acoustic Radiation 
Force Impulse: Intraobserver and Interobserver Variability and Predictors of Variability in a US 
Population. J Ultrasound Med 2016; 35: 2373-2380 [PMID: 27663656 DOI: 10.7863/ultra.15.10056]

19     

Cho YS, Lim S, Kim Y, Sohn JH, Jeong JY. Spleen Stiffness Measurement Using 2-Dimensional 
Shear Wave Elastography: The Predictors of Measurability and the Normal Spleen Stiffness Value. J 
Ultrasound Med 2019; 38: 423-431 [PMID: 30039572 DOI: 10.1002/jum.14708]

20     

Albayrak E, Server S. The relationship of spleen stiffness value measured by shear wave 
elastography with age, gender, and spleen size in healthy volunteers. J Med Ultrason (2001) 2019; 46: 
195-199 [PMID: 30689067 DOI: 10.1007/s10396-019-00929-3]

21     

Ferraioli G, Tinelli C, Lissandrin R, Zicchetti M, Bernuzzi S, Salvaneschi L, Filice C;  Elastography 
Study Group. Ultrasound point shear wave elastography assessment of liver and spleen stiffness: 
effect of training on repeatability of measurements. Eur Radiol 2014; 24: 1283-1289 [PMID: 
24643497 DOI: 10.1007/s00330-014-3140-y]

22     

Gallotti A, D'Onofrio M, Pozzi Mucelli R. Acoustic Radiation Force Impulse (ARFI) technique in 
ultrasound with Virtual Touch tissue quantification of the upper abdomen. Radiol Med 2010; 115: 
889-897 [PMID: 20082227 DOI: 10.1007/s11547-010-0504-5]

23     

Gao J, Ran HT, Ye XP, Zheng YY, Zhang DZ, Wang ZG. The stiffness of the liver and spleen on 
ARFI Imaging pre and post TIPS placement: a preliminary observation. Clin Imaging 2012; 36: 135-
141 [PMID: 22370134 DOI: 10.1016/j.clinimag.2011.11.014]

24     

Grgurevic I, Cikara I, Horvat J, Lukic IK, Heinzl R, Banic M, Kujundzic M, Brkljacic B. 
Noninvasive assessment of liver fibrosis with acoustic radiation force impulse imaging: increased 
liver and splenic stiffness in patients with liver fibrosis and cirrhosis. Ultraschall Med 2011; 32: 160-
166 [PMID: 21104600 DOI: 10.1055/s-0029-1245807]

25     

Kaminuma C, Tsushima Y, Matsumoto N, Kurabayashi T, Taketomi-Takahashi A, Endo K. Reliable 
measurement procedure of virtual touch tissue quantification with acoustic radiation force impulse 
imaging. J Ultrasound Med 2011; 30: 745-751 [PMID: 21632988 DOI: 10.7863/jum.2011.30.6.745]

26     

Dong Y, Sirli R, Ferraioli G, Sporea I, Chiorean L, Cui X, Fan M, Wang WP, Gilja OH, Sidhu PS, 
Dietrich CF. Shear wave elastography of the liver - review on normal values. Z Gastroenterol 2017; 
55: 153-166 [PMID: 28192849 DOI: 10.1055/s-0042-117226]

27     

Galgenmueller S, Jaeger H, Kratzer W, Schmidt SA, Oeztuerk S, Haenle MM, Mason RA, Graeter T. 
Parameters affecting different acoustic radiation force impulse applications in the diagnosis of fibrotic 
liver changes. World J Gastroenterol 2015; 21: 8425-8432 [PMID: 26217095 DOI: 
10.3748/wjg.v21.i27.8425]

28     

Keller J, Kaltenbach TE, Haenle MM, Oeztuerk S, Graeter T, Mason RA, Seufferlein T, Kratzer W. 
Comparison of Acoustic Structure Quantification (ASQ), shearwave elastography and histology in 
patients with diffuse hepatopathies. BMC Med Imaging 2015; 15: 58 [PMID: 26637242 DOI: 
10.1186/s12880-015-0100-1]

29     

General Assembly of the World Medical Association. . World Medical Association Declaration of 
Helsinki: ethical principles for medical research involving human subjects. J Am Coll Dent 2014; 81: 
14-18 [PMID: 25951678]

30     

Serra C, Grasso V, Conti F, Felicani C, Mazzotta E, Lenzi M, Verucchi G, D'errico A, Andreone P. 
A New Two-Dimensional Shear Wave Elastography for Noninvasive Assessment of Liver Fibrosis in 
Healthy Subjects and in Patients with Chronic Liver Disease. Ultraschall Med 2018; 39: 432-439 
[PMID: 29458217 DOI: 10.1055/s-0043-119356]

31     

Fang C, Konstantatou E, Romanos O, Yusuf GT, Quinlan DJ, Sidhu PS. Reproducibility of 2-
Dimensional Shear Wave Elastography Assessment of the Liver: A Direct Comparison With Point 
Shear Wave Elastography in Healthy Volunteers. J Ultrasound Med 2017; 36: 1563-1569 [PMID: 

32     

http://www.ncbi.nlm.nih.gov/pubmed/31173311
https://dx.doi.org/10.26355/eurrev_201905_17944
http://www.ncbi.nlm.nih.gov/pubmed/31238377
https://dx.doi.org/10.1055/a-0838-9937
http://www.ncbi.nlm.nih.gov/pubmed/29223365
https://dx.doi.org/10.1016/j.clinre.2017.11.002
http://www.ncbi.nlm.nih.gov/pubmed/25959234
https://dx.doi.org/10.1016/j.dld.2015.04.008
http://www.ncbi.nlm.nih.gov/pubmed/26588019
https://dx.doi.org/10.1148/radiol.2015150690
http://www.ncbi.nlm.nih.gov/pubmed/27663656
https://dx.doi.org/10.7863/ultra.15.10056
http://www.ncbi.nlm.nih.gov/pubmed/30039572
https://dx.doi.org/10.1002/jum.14708
http://www.ncbi.nlm.nih.gov/pubmed/30689067
https://dx.doi.org/10.1007/s10396-019-00929-3
http://www.ncbi.nlm.nih.gov/pubmed/24643497
https://dx.doi.org/10.1007/s00330-014-3140-y
http://www.ncbi.nlm.nih.gov/pubmed/20082227
https://dx.doi.org/10.1007/s11547-010-0504-5
http://www.ncbi.nlm.nih.gov/pubmed/22370134
https://dx.doi.org/10.1016/j.clinimag.2011.11.014
http://www.ncbi.nlm.nih.gov/pubmed/21104600
https://dx.doi.org/10.1055/s-0029-1245807
http://www.ncbi.nlm.nih.gov/pubmed/21632988
https://dx.doi.org/10.7863/jum.2011.30.6.745
http://www.ncbi.nlm.nih.gov/pubmed/28192849
https://dx.doi.org/10.1055/s-0042-117226
http://www.ncbi.nlm.nih.gov/pubmed/26217095
https://dx.doi.org/10.3748/wjg.v21.i27.8425
http://www.ncbi.nlm.nih.gov/pubmed/26637242
https://dx.doi.org/10.1186/s12880-015-0100-1
http://www.ncbi.nlm.nih.gov/pubmed/25951678
http://www.ncbi.nlm.nih.gov/pubmed/29458217
https://dx.doi.org/10.1055/s-0043-119356


Nowotny F et al. Shear wave elastography of the spleen

WJR https://www.wjgnet.com 148 May 28, 2021 Volume 13 Issue 5

28370146 DOI: 10.7863/ultra.16.07018]
Giuffrè M, Macor D, Masutti F, Abazia C, Tinè F, Patti R, Buonocore MR, Colombo A, Visintin A, 
Campigotto M, Crocè LS. Evaluation of spleen stiffness in healthy volunteers using point shear wave 
elastography. Ann Hepatol 2019; 18: 736-741 [PMID: 31054978 DOI: 10.1016/j.aohep.2019.03.004]

33     

Karlas T, Lindner F, Tröltzsch M, Keim V. Assessment of spleen stiffness using acoustic radiation 
force impulse imaging (ARFI): definition of examination standards and impact of breathing 
maneuvers. Ultraschall Med 2014; 35: 38-43 [PMID: 24510458 DOI: 10.1055/s-0033-1356230]

34     

Goertz RS, Amann K, Heide R, Bernatik T, Neurath MF, Strobel D. An abdominal and thyroid status 
with Acoustic Radiation Force Impulse Elastometry--a feasibility study: Acoustic Radiation Force 
Impulse Elastometry of human organs. Eur J Radiol 2011; 80: e226-e230 [PMID: 20971591 DOI: 
10.1016/j.ejrad.2010.09.025]

35     

Mori K, Arai H, Abe T, Takayama H, Toyoda M, Ueno T, Sato K. Spleen stiffness correlates with the 
presence of ascites but not esophageal varices in chronic hepatitis C patients. Biomed Res Int 2013; 
2013: 857862 [PMID: 23984413 DOI: 10.1155/2013/857862]

36     

Procopet B, Berzigotti A, Abraldes JG, Turon F, Hernandez-Gea V, García-Pagán JC, Bosch J. Real-
time shear-wave elastography: applicability, reliability and accuracy for clinically significant portal 
hypertension. J Hepatol 2015; 62: 1068-1075 [PMID: 25514554 DOI: 10.1016/j.jhep.2014.12.007]

37     

Hall TJ, Milkowski A, Garra B, Carson P, Palmeri M, Nightingale K, Lynch T, Alturki A, Andre M, 
Audiere S, Bamber J, Barr R, Bercoff J, Bernal M, Brum J, Cohen-Bacrie C, Couade M, Daniels A, 
DeWall R, Dillman J, Ehman R, Franchi-Abella SF, Fromageau J, Gennisson J, Henry JP, Ivancevich 
N, Kalin J, Kohn S, Kugel J, Liu N L, Loupas T, Mazernik J, McAleavey S, Miette V, Metz S, Morel 
BM, Nelson T, Nordberg E, Oudry J, Padwal M, Rouze N, Samir A, Sandrin L, Schaccitti J, Schmitt 
C, Shamdasani V, Switalski P, Wang M, Wear K.   RSNA/QIBA: Shear wave speed as a biomarker 
for liver fibrosis staging. 2013 IEEE International Ultrasonics Symposium (IUS); 2013 July 21-25; 
Prague, Czech Republic [DOI: 10.1109/ULTSYM.2013.0103]

38     

Bâldea V, Lupușoru R, Dănilă M, Șirli R, Popescu A, Sporea I. Comparison between the performance 
of Two-Dimensional and Point Shear Wave elastography for the noninvasive assessment of liver 
cirrhosis. Ultrasound Med Biol 2019; 45: S119 [DOI: 10.1016/j.ultrasmedbio.2019.07.391]

39     

Arda K, Ciledag N, Aktas E, Aribas BK, Köse K. Quantitative assessment of normal soft-tissue 
elasticity using shear-wave ultrasound elastography. AJR Am J Roentgenol 2011; 197: 532-536 
[PMID: 21862792 DOI: 10.2214/AJR.10.5449]

40     

Pawluś A, Inglot MS, Szymańska K, Kaczorowski K, Markiewicz BD, Kaczorowska A, Gąsiorowski 
J, Szymczak A, Inglot M, Bladowska J, Zaleska-Dorobisz U. Shear wave elastography of the spleen: 
evaluation of spleen stiffness in healthy volunteers. Abdom Radiol (NY) 2016; 41: 2169-2174 [PMID: 
27389244 DOI: 10.1007/s00261-016-0834-4]

41     

Cañas T, Fontanilla T, Miralles M, Maciá A, Malalana A, Román E. Normal values of spleen 
stiffness in healthy children assessed by acoustic radiation force impulse imaging (ARFI): comparison 
between two ultrasound transducers. Pediatr Radiol 2015; 45: 1316-1322 [PMID: 25796383 DOI: 
10.1007/s00247-015-3306-z]

42     

Lee MJ, Kim MJ, Han KH, Yoon CS. Age-related changes in liver, kidney, and spleen stiffness in 
healthy children measured with acoustic radiation force impulse imaging. Eur J Radiol 2013; 82: 
e290-e294 [PMID: 23433651 DOI: 10.1016/j.ejrad.2013.01.018]

43     

Kassym L, Nounou MA, Zhumadilova Z, Dajani AI, Barkibayeva N, Myssayev A, Rakhypbekov T, 
Abuhammour AM. New combined parameter of liver and splenic stiffness as determined by 
elastography in healthy volunteers. Saudi J Gastroenterol 2016; 22: 324-330 [PMID: 27488328 DOI: 
10.4103/1319-3767.187607]

44     

Petzold G, Hofer J, Ellenrieder V, Neesse A, Kunsch S. Liver Stiffness Measured by 2-Dimensional 
Shear Wave Elastography: Prospective Evaluation of Healthy Volunteers and Patients With Liver 
Cirrhosis. J Ultrasound Med 2019; 38: 1769-1777 [PMID: 30536601 DOI: 10.1002/jum.14866]

45     

http://www.ncbi.nlm.nih.gov/pubmed/28370146
https://dx.doi.org/10.7863/ultra.16.07018
http://www.ncbi.nlm.nih.gov/pubmed/31054978
https://dx.doi.org/10.1016/j.aohep.2019.03.004
http://www.ncbi.nlm.nih.gov/pubmed/24510458
https://dx.doi.org/10.1055/s-0033-1356230
http://www.ncbi.nlm.nih.gov/pubmed/20971591
https://dx.doi.org/10.1016/j.ejrad.2010.09.025
http://www.ncbi.nlm.nih.gov/pubmed/23984413
https://dx.doi.org/10.1155/2013/857862
http://www.ncbi.nlm.nih.gov/pubmed/25514554
https://dx.doi.org/10.1016/j.jhep.2014.12.007
https://dx.doi.org/10.1109/ULTSYM.2013.0103
https://dx.doi.org/10.1016/j.ultrasmedbio.2019.07.391
http://www.ncbi.nlm.nih.gov/pubmed/21862792
https://dx.doi.org/10.2214/AJR.10.5449
http://www.ncbi.nlm.nih.gov/pubmed/27389244
https://dx.doi.org/10.1007/s00261-016-0834-4
http://www.ncbi.nlm.nih.gov/pubmed/25796383
https://dx.doi.org/10.1007/s00247-015-3306-z
http://www.ncbi.nlm.nih.gov/pubmed/23433651
https://dx.doi.org/10.1016/j.ejrad.2013.01.018
http://www.ncbi.nlm.nih.gov/pubmed/27488328
https://dx.doi.org/10.4103/1319-3767.187607
http://www.ncbi.nlm.nih.gov/pubmed/30536601
https://dx.doi.org/10.1002/jum.14866


Published by Baishideng Publishing Group Inc 

7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA 

Telephone: +1-925-3991568 

E-mail: bpgoffice@wjgnet.com 

Help Desk: https://www.f6publishing.com/helpdesk 

https://www.wjgnet.com

© 2021 Baishideng Publishing Group Inc. All rights reserved.

mailto:bpgoffice@wjgnet.com
https://www.f6publishing.com/helpdesk
https://www.wjgnet.com


World Journal of
Radiology

ISSN 1949-8470 (online)

World J Radiol  2021 June 28; 13(6): 149-222

Published by Baishideng Publishing Group Inc



WJR https://www.wjgnet.com I June 28, 2021 Volume 13 Issue 6

World Journal of 

RadiologyW J R
Contents Monthly Volume 13 Number 6 June 28, 2021

MINIREVIEWS

Thoracic imaging outcomes in COVID-19 survivors149

Alqahtani JS, Alghamdi SM, Aldhahir AM, Althobiani M, Raya RP, Oyelade T

Imaging spectrum of abdominal manifestations of COVID-19157

Vaidya T, Nanivadekar A, Patel R

REVIEW

COVID-19 imaging: Diagnostic approaches, challenges, and evolving advances171

Pezzutti DL, Wadhwa V, Makary MS

Imaging in the COVID-19 era: Lessons learned during a pandemic192

Sideris GA, Nikolakea M, Karanikola AE, Konstantinopoulou S, Giannis D, Modahl L



WJR https://www.wjgnet.com II June 28, 2021 Volume 13 Issue 6

World Journal of Radiology
Contents

Monthly Volume 13 Number 6 June 28, 2021

ABOUT COVER

Editorial Board Member of World Journal of Radiology, Milan Vošmik, MD, PhD, Associated Professor, Department 
of Oncology and Radiotherapy, Charles University, Medical School in Hradec Králové and University Hospital 
Hradec Králové, Hradec Králové 500-05, Czech Republic. milan.vosmik@fnhk.cz

AIMS AND SCOPE

The primary aim of World Journal of Radiology (WJR, World J Radiol) is to provide scholars and readers from various 
fields of radiology with a platform to publish high-quality basic and clinical research articles and communicate 
their research findings online. 
  WJR mainly publishes articles reporting research results and findings obtained in the field of radiology and 
covering a wide range of topics including state of the art information on cardiopulmonary imaging, gastrointestinal 
imaging, genitourinary imaging, musculoskeletal imaging, neuroradiology/head and neck imaging, nuclear 
medicine and molecular imaging, pediatric imaging, vascular and interventional radiology, and women's imaging.

INDEXING/ABSTRACTING

The WJR is now abstracted and indexed in Emerging Sources Citation Index (Web of Science), PubMed, PubMed 
Central, China National Knowledge Infrastructure (CNKI), China Science and Technology Journal Database (CSTJ), 
and Superstar Journals Database.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Ying-Yi Yuan; Production Department Director: Xiang Li; Editorial Office Director: Jia-Ping Yan.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Radiology https://www.wjgnet.com/bpg/gerinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS

ISSN 1949-8470 (online) https://www.wjgnet.com/bpg/GerInfo/287

LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH

January 31, 2009 https://www.wjgnet.com/bpg/gerinfo/240

FREQUENCY PUBLICATION ETHICS

Monthly https://www.wjgnet.com/bpg/GerInfo/288

EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Venkatesh Mani https://www.wjgnet.com/bpg/gerinfo/208

EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

https://www.wjgnet.com/1949-8470/editorialboard.htm https://www.wjgnet.com/bpg/gerinfo/242

PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS

June 28, 2021 https://www.wjgnet.com/bpg/GerInfo/239

COPYRIGHT ONLINE SUBMISSION

© 2021 Baishideng Publishing Group Inc https://www.f6publishing.com

© 2021 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wjgnet.com  https://www.wjgnet.com

https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
https://www.wjgnet.com/1949-8470/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:bpgoffice@wjgnet.com
https://www.wjgnet.com


WJR https://www.wjgnet.com 149 June 28, 2021 Volume 13 Issue 6

World Journal of 

RadiologyW J R
Submit a Manuscript: https://www.f6publishing.com World J Radiol 2021 June 28; 13(6): 149-156

DOI: 10.4329/wjr.v13.i6.149 ISSN 1949-8470 (online)

MINIREVIEWS

Thoracic imaging outcomes in COVID-19 survivors

Jaber S Alqahtani, Saeed M Alghamdi, Abdulelah M Aldhahir, Malik Althobiani, Reynie Purnama Raya, Tope 
Oyelade

ORCID number: Jaber S Alqahtani 
0000-0003-1795-5092; Saeed M 
Alghamdi 0000-0002-6677-1110; 
Abdulelah M Aldhahir 0000-0002-
4270-9494; Malik Althobiani 0000-
0002-2230-5708; Reynie Purnama 
Raya 0000-0002-4548-6820; Tope 
Oyelade 0000-0003-1151-0295.

Author contributions: Alqahtani JS 
contributed conceptualization, data 
collection, formal analysis, project 
administration, wrote original 
draft, reviewed and edited the 
manuscript; Alghamdi SM, 
Aldhahir AM and Oyelade T 
contributed data collection, formal 
analysis, reviewed and edited the 
manuscript; Althobiani M and 
Raya RP reviewed and edited the 
manuscript.

Conflict-of-interest statement: The 
authors have nothing to disclose.

Open-Access: This article is an 
open-access article that was 
selected by an in-house editor and 
fully peer-reviewed by external 
reviewers. It is distributed in 
accordance with the Creative 
Commons Attribution 
NonCommercial (CC BY-NC 4.0) 
license, which permits others to 
distribute, remix, adapt, build 
upon this work non-commercially, 
and license their derivative works 
on different terms, provided the 
original work is properly cited and 
the use is non-commercial. See: htt
p://creativecommons.org/License

Jaber S Alqahtani, Department of Respiratory Care, Prince Sultan Military College of Health 
Sciences, Dammam 3431, Saudi Arabia

Jaber S Alqahtani, Malik Althobiani, Department of Respiratory Medicine, Division of Medicine, 
University College London, London NW3 2PF, United Kingdom

Saeed M Alghamdi, Faculty of Applied Medical Sciences, Umm Al-Qura University, Makkah 
21990, Saudi Arabia

Abdulelah M Aldhahir, Respiratory Care Department, Faculty of Applied Medical Sciences, 
Jazan University, Jazan 4514, Saudi Arabia

Malik Althobiani, Department of Respiratory Therapy, King Abdulaziz University, Jeddah 
21589, Saudi Arabia

Reynie Purnama Raya, Faculty of Science, Universitas 'Aisyiyah Bandung, Bandung 40264, 
Indonesia

Reynie Purnama Raya, Institute for Global Health, Division of Medicine, University College 
London, London NW3 2PF, United Kingdom

Tope Oyelade, Institute for Liver and Digestive Health, Division of Medicine, University 
College London, London NW3 2PF, United Kingdom

Corresponding author: Jaber S Alqahtani, MSc, Academic Research, Lecturer, Department of 
Respiratory Care, Prince Sultan Military College of Health Sciences, Dhahran, Dammam 3431, 
Saudi Arabia. Alqahtani-Jaber@hotmail.com

Abstract
The coronavirus disease 2019 (COVID-19) pandemic presents a significant global 
public health challenge. One in five individuals with COVID-19 presents with 
symptoms that last for weeks after hospital discharge, a condition termed “long 
COVID”. Thus, efficient follow-up of patients is needed to assess the resolution of 
lung pathologies and systemic involvement. Thoracic imaging is multimodal and 
involves using different forms of waves to produce images of the organs within 
the thorax. In general, it includes chest X-ray, computed tomography, lung 
ultrasound and magnetic resonance imaging techniques. Such modalities have 
been useful in the diagnosis and prognosis of COVID-19. These tools have also 
allowed for the follow-up and assessment of long COVID. This review provides 
insights on the effectiveness of thoracic imaging techniques in the follow-up of 
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Core Tip: The coronavirus disease 2019 (COVID-19) pandemic presents a significant 
global public health challenge. One in five individuals with COVID-19 presents with 
symptoms that last for weeks after hospital discharge, a condition termed “long 
COVID”. This review provides insights on findings of thoracic imaging techniques in 
the follow-up of COVID-19 survivors who had long COVID.
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INTRODUCTION
The global coronavirus disease 2019 (COVID-19) pandemic continues to cause 
significant morbidity and mortality worldwide[1-3]. To date, the focus of research 
communication has been on the management of acute respiratory complications, 
particularly in critically ill patients[4,5]. However, since June 2020 increased attention 
has been paid to the experiences of COVID-19 survivors whose symptoms continue for 
four or more weeks[6]. According to the Office for National Statistics, one in five 
individuals has symptoms that continue after five weeks, and one in ten has 
symptoms for 12 wk or longer after acute infection with severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2)[7]. This is called “long COVID” and is defined 
as a condition in which infected people do not fully recover for several weeks or 
months after signs indicative of SARS-CoV-2 infection[8]. Studies on long COVID 
exploring the underlying pathology and sequelae, as well as rehabilitation for patients, 
are increasing. Data shows that many patients with long COVID develop serious 
clinical complications[9-11] and require follow-up to confirm full resolution of 
symptoms.

An imaging test refers to the generation of image results that are clinically relevant 
for clinical diagnosis, guiding management, triage, and therapy. Chest radiography, 
computed tomography (CT), lung ultrasound (LUS), and magnetic resonance imaging 
(MRI) provide additional clinical insights on COVID-19 patients to better understand 
long COVID complications. Early and accurate diagnosis, as well as guided manage-
ment of COVID-19-related complications, is important[12]. Further, because of the 
tendency toward extended sequelae of COVID-19 symptoms, some of which include 
multi-organ involvement, there is an increasing need to develop follow-up strategies 
to prevent further deterioration of patients. Therefore, this review provides an update 
on the effectiveness of thoracic imaging techniques in the follow-up of COVID-19 
survivors who suffer from long COVID.

THE USE OF THORACIC IMAGING IN COVID-19 PATIENTS
Using diagnostic thoracic imaging techniques on patients diagnosed with COVID-19 
can sometimes be challenging due to the strict infection control measures that are 
required to prevent or reduce the spread of infection to healthcare providers and other 
patients[13]. However, various imaging modalities have been used due to the value of 
thoracic imaging in detection and monitoring of disease progression. Generally, chest 
radiography and CT of the chest are used with COVID-19, while the use of MRI and 
LUS is limited in the literature[14].
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In the early stages of COVID-19 infection, chest radiography is insensitive especially 
in mild cases[15], whereas CT is more sensitive for early parenchymal lung disease, 
disease progression, and alternative diagnoses, including acute heart failure[16]. 
Nevertheless, concerning the importance of chest radiography or CT for diagnosing 
viral pneumonia, experiences and decisions vary widely based on cultural standards 
and public health recommendations[17]. This is exemplified in China where patients 
are encouraged to present themselves early in the course of their disease when chest 
radiography has limited clinical value. CT has therefore proved a more efficient tool in 
detecting COVID-19 and guiding public health measures such as self-isolation[16]. In 
contrast, patients in the US have been instructed to stay at home until they suffer 
severe symptoms and so, as expected, a chest radiograph is generally abnormal at the 
time of presentation. In some countries, chest radiography is preferred in certain 
groups of patients because of portability; therefore, imaging can be performed in an 
infected patient’s isolation room, thus reducing the risk of SARS-CoV-2 transmission 
that may result from in-hospital transportation[17]. Although chest radiography can 
be beneficial for evaluating disease progress and alternative diagnoses, many hospitals 
rely on CT scan findings when clinical management decisions are needed, such as 
discharge from hospital or the need for intensive care unit[18]. Generally, the choice of 
thoracic imaging will depend on available equipment (chest radiography, CT, MRI or 
LUS), expertise, and the judgment of the healthcare staff at the points of care, with the 
final decision based on appropriate and reasonable assessment of related risks.

CHEST RADIOGRAPHY IN COVID-19 SURVIVORS
Chest radiography, also referred to as chest X-ray (CXR), involves using short 
wavelength electromagnetic radiation to produce images of the chest’s internal organs. 
With moderate ease of use and interpretation and low side effects, CXR remains one of 
the oldest and most used non-invasive chest imaging techniques[19]. However, in the 
context of COVID-19, the use of CXR has been reported to vary in importance and 
usefulness in both diagnosis and prognostication of disease course. Common CXR 
findings that have been described in COVID-19 patients are pulmonary lesions 
associated with inflammatory injuries, ground-glass opacity (GGO), linear opacity 
consolidation, crazy-paving pattern and vacuolar sign[20].

GGO remains the major structural change indicative of COVID-19 infection, with a 
majority of patients developing bilateral CXR findings of this nature[21,22]. A 
combination of GGO and consolidation of the lung image usually occurs in the 
periphery of the lung[23] and is scored from 0-4 based on the percentage of the lung 
affected[24]. In a study by Wong et al[15], the sensitivity of baseline CXRs in the 
diagnosis of COVID-19 was 62%, with 9% of patients showing abnormal CT findings 
before reverse transcription polymerase chain reaction (RT-PCR) confirmation of 
SARS-CoV-2 infection. A significant majority of patients with COVID-19 infection 
show CXR abnormalities indicative of damage to the lung tissue, which is attributable 
to systemic inflammatory response syndrome[22,25].

In most patients who survive severe COVID-19, there is a significant tendency to 
develop fibrotic lung tissue after recovery. However, while CRX is promising in 
diagnosing COVID-19, its use as a marker for pulmonary tissue recovery in patients 
with long COVID-19 remains unclear. For instance, in a study assessing 119 COVID-19 
patients, D’cruz et al[26] found that follow-up CRX did not correlate with abnormal CT 
findings or prolonged functional disability in infected patients, while another study 
involving 134 patients concluded that CXR findings were an independent risk factor 
for poorer prognosis in COVID-19 patients[20]. Liao et al[22], in another study of 172 
COVID-19 survivors, showed that 86% of patients had abnormal CT findings three 
months after discharge. In this study, change in CXR findings was associated with 
recovery duration, and abnormal lung findings were reported to correlate significantly 
with severity of COVID-19. Generally, the effectiveness of CXR as a prognostic marker 
or in tracking lung tissue regeneration in patients with long COVID remains uncertain.

CT IN COVID-19 SURVIVORS
CT scans have been extensively used in the diagnosis of COVID-19. In a series of 51 
patients, the sensitivity of CT scan in detecting SARS-CoV-2 infection was reported to 
be higher (98%) compared to RT-PCR (71%)[27,28]. In another study involving 167 
patients considered at high risk for SARS-CoV-2 infection, chest CT scan confirming 
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viral pneumonia correlated significantly with positive RT-PCR results[29]. Generally, 
chest CT findings of lung tissue pathology are similar to those of CXR scans in COVID-
19 and are scored based on bilateral lung involvement, including GGO, consolidation, 
vacuolar sign, linear opacity and crazy-paving pattern[30,31]. However, while the 
sensitivity of CT is high in detecting lung tissue pathology associated with pneumonic 
infections, the specificity for SARS-CoV-2 infection is relatively low (25%-56%)[31].

Because of its sensitivity, the first point of call and the reference technique for chest 
imaging has been CT. Although CT is expensive, less portable and available, and 
requires well-trained and experienced radiographers for standard operation and 
interpretation of findings[32], it has been extensively used in the prognosis and follow-
up of COVID-19 patients. In a study involving 55 COVID-19 survivors followed up for 
three months after discharge, abnormal CT findings were detected in 71% of patients
[33]. Another study in which final CT scans were obtained from 70 COVID-19 
survivors at discharge showed unresolved lung tissue pathology in 94% of the 
patients, mainly in the form of residual GGO (60%)[34]. Tabatabaei et al[35] studied 52 
patients who had recovered from COVID-19 and reported residual CT abnormalities 
in 42% of the survivors. These findings showed significant correlation with disease 
severity. Generally, CT is a useful and more sensitive tool in the follow-up of patients 
recovered from COVID-19. It may be helpful in the assessment of treatment effects.

LUS IN COVID-19 SURVIVORS
LUS provides a faster, safer and more sensitive assessment of lung tissue pathology 
compared to radiation-based CXR and has been extensively used in the monitoring of 
patients with COVID-19. LUS is also relatively more accessible because of the inherent 
portability and bedside availability, making it a technique of choice where timely 
assessment of lung complications is needed, especially in COVID-19 patients with 
severe or unstable health conditions[36]. Further, the ability to delineate alterations in 
superficial lung tissue through the air and tissue ratio (using A- and B-lines) makes 
LUS unique and more sensitive in characterizing the nature, topography, and size of 
lung tissue lesions[37,38]. In general, irregular thickening of the pleural line, hetero-
geneous B-lines and consolidations, pleural effusions, and recovery-phase A-lines in 
the lung image have been detected in COVID-19 patients using ultrasonography[39-
41]. LUS has been reported to correlate strongly with systemic inflammation and 
severity of COVID-19, although not with survival[42].

In the follow-up of COVID-19 survivors with long-persisting symptoms, LUS 
findings have shown promising outcomes. In a case series of long COVID patients by 
Tung-Chen et al[43], LUS findings correlated with chest CT and accurately assessed the 
resolution of residual lung tissue abnormalities. LUS findings, specifically the 
frequency of B-lines, which measures the thickening of pleural lines, were also 
reported to correlate with the duration of COVID-19 symptoms in patients[44]. 
Further, LUS was successfully used in the assessment of the progression of COVID-19 
in a 35-year-old survivor for up to three weeks in a home setting[45]. These highlights 
both the sensitivity and availability of LUS for the assessment of both short- and long-
term effects of SARS-CoV-2 infection.

MRI IN COVID-19 SURVIVORS
MRI was first introduced in the United Kingdom in 1980, and since that time, it has 
become widely used in clinical practice[46,47]. It is extremely effective, particularly in 
the diagnosis of patients without exposing them to dangerous ionising radiation[48]. 
Angiotensin-converting enzyme 2 (ACE2) is the path for SARS-CoV-2 to attack 
thoracic organs, including lung and cardiac systems. MRI has been used regularly to 
assess cardiac involvement in patients who have recovered from COVID-19[11,49]. 
Huang et al[49] conducted a study on patients who reported cardiac symptoms during 
their hospitalization due to COVID-19 to assess whether there was continued cardiac 
involvement after the patients’ recovery from COVID-19. This study found that 58% of 
the recovered patients had abnormal MRI findings, including myocardial oedema 
(54%) and late gadolinium enhancement (31%). Further, fibrosis and compromised 
right ventricle function have also been found in patients who have recovered from 
COVID-19. In another study conducted by Puntmann et al[11], independent of pre-
existing comorbidities, severity and overall course of the acute illness, cardiac 
involvement was reported in 78% of patients and around 60% had ongoing myocardial 
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Table 1 Findings of thoracic imaging tools in coronavirus disease 2019 survivors

Thoracic 
imaging tools Imaging findings in COVID-19 survivors

Chest X-ray 
(CXR)

(1) CRX does not correlate with abnormal CT findings or prolonged functional disability in infected patients; (2) Changes in CXR 
findings are associated with recovery duration and severity of COVID-19; and (3) The overall effectiveness of CRX is uncertain

CT scan (1) Abnormal CT findings were detected in 71% of COVID-19 survivors; Unresolved lung tissue pathology presents mainly in the form 
of residual GGO; and (2) CT findings show a significant correlation with disease severity

Lung 
ultrasound 
(LUS)

(1) LUS findings correlate with chest CT and accurately assess the resolution of residual lung tissue abnormalities; and (2) LUS findings 
correlate with the duration of COVID-19 symptoms in COVID-19 survivors and can be used in home settings

MRI (1) This is used to assess cardiac involvement in patients recovered from COVID-19; (2) 58% of recovered patients had abnormal MRI 
findings, including myocardial oedema (54%) and late gadolinium enhancement (31%); and (3) Fibrosis and compromised right 
ventricle function have also been found in patients who have recovered from COVID-19

COVID-19: Coronavirus disease 2019; CT: Computed tomography; MRI: Magnetic resonance imaging; GGO: Ground-glass opacity.

inflammation. The abnormal findings included elevated myocardial native T1 and 
myocardial native T2 and pericardial enhancement. Cardiac involvement in patients 
recovered from COVID-19 is common and has the potential to affect the overall 
prognosis. Although rarely used, MRI is effective in detecting cardiac involvement in 
patients and provides a holistic diagnostic assessment of residual symptoms in 
COVID-19 survivors. Further studies are essential to explore the long-term cardiopul-
monary burden of long COVID.

In summary, Table 1 shows the major findings of thoracic imaging tools in COVID-
19 survivors.

KEY POINTS
(1) COVID-19 survivors sometimes develop long-term sequelae, generally termed 
“long COVID”, which can be assessed by different imaging tests; (2) Various imaging 
modes have been used as diagnostic, prognostic, and follow-up tools in COVID-19. 
However, sensitivity and specificity, as well as modes and ease of use, vary; (3) The 
effectiveness of CRX as a prognostic marker or in tracking lung tissue regeneration in 
patients with long COVID remains uncertain; (4) CT is a relatively more sensitive tool 
in the follow up of COVID-19 survivors and could be used for the assessment of 
treatment effects; (5) LUS is sensitive and relatively more portable than radiology-
based imaging tools, allowing for use in out-of-hospital settings, and it may be the best 
tool for the follow-up of COVID-19 survivors; and (6) Although rarely used, MRI is 
effective in detecting cardiac involvement in patients and provides a holistic 
diagnostic assessment of residual symptoms in COVID-19 survivors.

CONCLUSION
COVID-19 survivors, especially those with a severe clinical course, have residual lung 
tissue abnormalities and suffer extensive sequelae, currently termed “long COVID”. 
Fibrotic lung tissue from systemic inflammatory response to SARS-CoV-2 infection is 
characteristic of severe COVID-19 and can be picked up in follow-up scans. Various 
imaging techniques have been extensively used for the follow-up of long COVID, 
including CXR, CT, LUS and MRI with varying efficiency. However, CT remains the 
most commonly used because of its sensitivity, while LUS is favoured because of its 
accessibility and portability.
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Abstract
Coronavirus disease 2019 (COVID-19) has posed a serious threat to global public 
health with its rapid spread, high fatality, and severe burden on health care 
providers all over the world. Although COVID-19 has been established as a 
respiratory tract infection, it can manifest with gastrointestinal symptoms as a 
consequence of direct infection by the virus or due to inflammation-mediated 
cytotoxicity. It has been observed that COVID-19 patients presenting with 
gastrointestinal symptoms tend to progress to a severe form of disease with 
increased morbidity and mortality, thus indicating the need for timely manage-
ment. COVID-19 manifests with a wide spectrum of radiologic findings on 
gastrointestinal tract imaging, encompassing bowel abnormalities, hepato-biliary 
and pancreatic involvement, vascular occlusion, and solid organ infarction. Early 
recognition of these imaging features can facilitate timely treatment of COVID-19 
associated gastrointestinal tract complications and may prompt the diagnosis of 
COVID-19 in patients with atypical disease manifestations. The aim of this article 
is to provide an overview of the various gastrointestinal imaging manifestations 
that can be encountered in patients with COVID-19, with an emphasis on early 
diagnosis of the disease as well as treatment related complications.
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Core Tip: The gastrointestinal manifestations of coronavirus disease 2019 are being 
increasingly recognized. A variety of imaging features can be encountered, either due 
to direct infection by the virus or as a result of viral-mediated cytotoxicity and tissue 
damage. Imaging can play a key role in the early recognition of gastrointestinal tract 
involvement and its potentially fatal complications.

Citation: Vaidya T, Nanivadekar A, Patel R. Imaging spectrum of abdominal manifestations of 
COVID-19. World J Radiol 2021; 13(6): 157-170

https://www.f6publishing.com
https://dx.doi.org/10.4329/wjr.v13.i6.157
http://orcid.org/0000-0002-6290-5628
http://orcid.org/0000-0002-6290-5628
http://orcid.org/0000-0002-6290-5628
http://orcid.org/0000-0001-5025-5157
http://orcid.org/0000-0001-5025-5157
http://orcid.org/0000-0002-6199-055X
http://orcid.org/0000-0002-6199-055X
http://creativecommons.org/Licenses/by-nc/4.0/
mailto:tanvivaidya5@gmail.com


Vaidya T et al. Abdominal imaging of COVID-19

WJR https://www.wjgnet.com 158 June 28, 2021 Volume 13 Issue 6

p://creativecommons.org/License
s/by-nc/4.0/

Manuscript source: Invited 
manuscript

Specialty type: Radiology, nuclear 
medicine and medical imaging

Country/Territory of origin: India

Peer-review report’s scientific 
quality classification
Grade A (Excellent): A 
Grade B (Very good): 0 
Grade C (Good): C, C 
Grade D (Fair): 0 
Grade E (Poor): 0

Received: February 3, 2021 
Peer-review started: February 3, 
2021 
First decision: March 31, 2021 
Revised: April 11, 2021 
Accepted: May 24, 2021 
Article in press: May 24, 2021 
Published online: June 28, 2021

P-Reviewer: Jiang Y, Zhang L 
S-Editor: Liu M 
L-Editor: Wang TQ 
P-Editor: Yuan YY

URL: https://www.wjgnet.com/1949-8470/full/v13/i6/157.htm
DOI: https://dx.doi.org/10.4329/wjr.v13.i6.157

INTRODUCTION
Since December 2019, the world has witnessed the emergence and unrelenting spread 
of coronavirus disease 2019 (COVID-19) with its devastating impact on global public 
health. As of February 3, 2021, there have been 103 million confirmed cases worldwide 
and over 2.2 million deaths[1]. Although in the majority of cases, the disease manifests 
with respiratory symptoms such as fever, cough, and dyspnea, its extra-pulmonary 
manifestations due to multi-system involvement are being increasingly recognized[2]. 
Particularly, the incidence of gastrointestinal (GI) manifestations such as abdominal 
pain, nausea, vomiting, and diarrhea has varied from 12% to as much as 61% in 
patients with COVID-19[3-5]. GI tract involvement in COVID-19 is believed to be a 
direct consequence of tissue damage mediated by the virus and additionally due to 
inflammation-mediated cytotoxicity[6,7]. About 10% of patients with COVID-19 could 
manifest only with GI symptoms without co-existing respiratory symptoms, which 
could result in delayed diagnosis. Moreover, COVID-19 patients presenting with GI 
symptoms tend to progress to a severe form of disease with poor outcomes. This 
subset of patients requires greater attention for early identification of complications[5].

The pulmonary imaging features of COVID-19 have been extensively described in 
the literature, an understanding of which has provided a greater insight into the 
pathophysiology of the disease. In comparison, there is a paucity of literature with 
respect to the various GI imaging manifestations of COVID-19. Considering the high 
likelihood of GI tract involvement in COVID-19, it is becoming increasingly important 
for radiologists to be aware of the variety of abdominal imaging findings in patients 
with COVID-19. Early recognition of these features can facilitate timely management 
of COVID-19 associated complications as well as alert the treating physician to 
consider a diagnosis of COVID-19 in patients presenting with atypical symptoms. 
Moreover, knowledge of these imaging findings may enhance our understanding of 
the pathophysiology of GI phenomena in the novel severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) infection.

The aim of this article is to share our experience with the spectrum of GI manifest-
ations that can be encountered in patients with COVID-19.

METHODOLOGY OF LITERATURE SEARCH
We performed a systematic review of the literature, in order to identify all published 
articles on patients with abdominal manifestations due to COVID-19. We conducted 
literature searches in PubMed/MEDLINE, EMBASE, and Google Scholar bibliographic 
databases, spanning the years 2019 to 2021. The keywords “abdominal”, “COVID-19”, 
“imaging”, and “radiology” were used in all possible combinations. We also per-
formed specific searches pertaining to involvement of particular organs/systems, 
using keywords such as “colonic“, “small bowel”, “pancreas”, “gall bladder”, and 
“renal” in combination with “COVID-19” and “imaging”. Additionally, since 
thrombotic events are recognized as a major complication of the infection, we also 
searched for the literature pertaining to these, in the context of GI involvement, using 
the keywords “thrombosis”, “abdomen”, “imaging”, “infarction”, “gangrene”, and 
“COVID-19” in various combinations. Moreover, the reference lists of all relevant 
publications were reviewed for additional articles.

All publications pertinent to our research subject such as scientific studies, review 
articles, case series, and case reports were included in our literature search. These were 
carefully evaluated by two of the authors, to identify the relevant radiologic findings 
in these cases for inclusion in our literature review. Articles without full-text avai-
lability and those without details of radiologic evaluation were excluded.

With regards to our experience, considering this was an in-between pandemic, 
single-centre, imaging review of the GI manifestations of COVID-19 infection, we had 
a small cohort of patients under investigation. As compared to the large sample of 
COVID-19 RT-PCR positive patients presenting with respiratory complaints, fewer 
COVID-19 cases presented with GI symptoms. This small cohort was investigated by 
means of imaging and biochemical tests and appropriate treatment was instituted. The 
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data pertaining to this particular cohort was retrieved from the patient database and 
was studied retrospectively. The imaging studies for each of these cases were 
reviewed. The relevant radiologic findings and clinical details were compiled for the 
purpose of this review. This review article is thus, based on our experience in a COVID 
centre as well as that of other researchers, elucidated by means of scientific studies and 
case reports. Based on all of these observations, we recommend a large-scale 
multicentre study based on a bigger sample size, to ascertain the statistical significance 
of our findings and to understand whether GI affection constitutes a statistically 
significant percentage in patients with COVID-19.

We will review the GI imaging manifestations of COVID-19 under the following 
sub-headings: Small and large bowel abnormalities; vascular occlusion and solid organ 
infarction; hepato-biliary involvement; pancreatic involvement; and bleeding complic-
ations.

SMALL AND LARGE BOWEL ABNORMALITIES
Large bowel thickening/colitis
The occurrence of GI symptoms in a COVID-19 patient, such as diarrhoea, hemato-
chezia, or abdominal pain, may warrant a computed tomography (CT) evaluation for 
GI tract assessment. Various mechanisms have been implicated in GI tract invol-
vement by the SARS-CoV-2[8]. Direct infection of the GI tract epithelial cells by 
binding to the angiotensin-converting enzyme-2 (ACE-2) surface receptors followed by 
viral replication and cell destruction and alternatively, cell injury resulting from an 
inflammatory response to the virus-infected cells could account for the GI manifest-
ations of COVID-19[9,10]. A few cases of large bowel infection with SARS-CoV-2 have 
been reported, which on imaging, manifest with diffuse, circumferential, homogen-
eously enhancing bowel wall thickening in a variable distribution[11,12]. The wall 
thickening may involve one or more segments of the colon. In our experience and as 
described by other researchers, the bowel wall thickening is not associated with 
pericolic lymphadenopathy, pneumatosis, or ileus. In our institute, we encountered a 
patient with bloody diarrhea in whom contrast-enhanced CT (CECT) revealed 
homogeneously enhancing wall thickening involving the sigmoid colon (Figure 1). 
Owing to the rarity of isolated viral colitis, it is important to exclude signs of ischemia 
such as decreased/ absent wall enhancement, poor opacification of the mesenteric 
vascular arcade, and filling defects suggestive of thrombi in the abdominal arteries, so 
as to enable early identification of ischemic colitis. The absence of classical imaging 
features of inflammatory bowel disease like the “comb” sign, mural stratification, 
fibrofatty proliferation could prompt the consideration of infection as a probable cause 
of colitis[13]. The detection of SARS-CoV-2 RNA in the stool may conclusively 
establish the diagnosis. Colonoscopy is generally not indicated in uncomplicated 
infectious colitis, unless the patient presents with unusual manifestations such as 
severe GI bleeding[14].

Acute mesenteric ischemia and enteric perforation
Patients with COVID-19 presenting with severe GI symptoms associated with 
abdominal distention, decreased bowel sounds, or worsening systemic status should 
alert the treating physician to the possibility of acute mesenteric ischemia, a potentially 
fatal complication of the disease[15]. Ischemia may occur as a result of hyperco-
agulability as a consequence of systemic inflammation, elevation of von Willebrand 
Factor levels secondary to endothelial damage induced by viral binding to ACE-2 
surface receptors, or direct insult to enterocytes by the coronavirus itself[16,17]. An 
increase in D-dimer and lactate levels in the blood could indicate an ischemic 
complication, but these lack specificity[18]. Radiologic evaluation has a crucial role in 
the timely detection of acute mesenteric ischemia (AMI) and is the cornerstone of 
diagnosis. Abdominal radiography has a limited role in the evaluation of bowel 
ischemia, owing to its low sensitivity and specificity[19]. Ultrasonography (US), 
despite its ready availability and absence of radiation exposure, is also relatively non-
specific for the diagnosis. Screening US may reveal decreased peristalsis, inter-bowel 
fluid, and/or excessive intra-luminal contents indicating stasis. However, its utility is 
limited if the patient is obese or has pneumoperitoneum or an excessive amount of 
bowel gas[20]. Moreover, these findings lack sensitivity and specificity for the 
diagnosis.
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Figure 1 Contrast enhanced computed tomography imaging in a patient with coronavirus disease 2019 presenting with bloody diarrhea. 
A: Axial; B: Coronal; C: Sagittal. Contrast enhanced computed tomography images of the abdomen and pelvis show diffuse edematous wall thickening involving the 
sigmoid colon (orange arrows in A, B, and C). Associated pericolic fat stranding is seen. In the absence of other causes of bowel wall thickening, a diagnosis of viral 
colitis was considered.

Computed tomography angiography remains the mainstay for definitive diagnosis 
of AMI[21]. Thrombi or emboli manifest as filling defects within the lumen of the 
abdominal aorta and its branches, namely, the celiac axis, superior mesenteric artery 
(SMA), and inferior mesenteric artery. Poor contrast opacification of the mesenteric 
vascular arcade on angiography images is indicative of hypoperfusion[22]. In our 
experience, this finding is well seen on maximum intensity projection (MIP) coronal 
images (Figure 2). Accordingly, the segment of the injured small bowel reveals wall 
thickening secondary to mural edema; this is the most frequently observed CT finding 
in AMI[23]. A very specific finding for AMI is absent or decreased contrast enhance-
ment of the bowel wall. A target appearance of the bowel wall, representing mucosal 
hyperemia with surrounding mural edema, can be seen in ischemic colitis and after 
reperfusion following arterial occlusion. Disruption of normal bowel peristalsis leads 
to dilatation of the bowel lumen (> 3 cm); the dilated bowel may contain fluid, air, or 
both. In the late phase, thinning of the bowel wall is evident; the wall may not be 
discernible in some segments, thus appearing “paper thin” and featureless due to loss 
of normal tone. Eventually, transmural infarction leads to pneumatosis intestinalis/air 
in the bowel wall, followed by porto-mesenteric venous gas, pneumoperitoneum, and 
free fluid in the peritoneal cavity, due to extravasation of intra-luminal fluid and as a 
result of the peritoneal reaction to the bowel ischemia[24].

Various investigators have reported AMI in critically ill patients with COVID-19, 
and the vast majority of patients were diagnosed in the late phase of AMI manifesting 
with frank perforation and pneumoperitoneum[25-29].

We encountered two cases of AMI as a complication of COVID-19 in our practice. 
Both patients were being treated for severe viral pneumonia in the intensive care unit. 
During the course of their treatment, they presented with abdominal distension, 
vomiting, and intractable abdominal pain. Clinical examination revealed diffuse 
abdominal tenderness, hypotension, and tachycardia, prompting the need for urgent 
imaging. On CT imaging, our first patient presented with frank jejunal perforation 
with pneumoperitoneum (Figure 3), thus requiring emergent laparotomy. In the 
second case, CT angiography revealed absent mural enhancement of distal ileal loops 
with barely discernible walls, suggestive of bowel gangrene (Figure 4). The proximal 
small bowel loops appeared dilated with air-fluid levels within. Thrombotic macro-
vascular arterial occlusion was detected in the form of non-opacification of the ileo-
colic branches of the SMA (Figure 2). Consequently, superior mesenteric artery 
thrombectomy with resection of the gangrenous bowel was performed. Both patients 
required prolonged supportive care but survived. Based on this experience, we believe 
that a high index of suspicion for AMI accompanied by prompt imaging play a key 
role in decreasing morbidity and mortality. Owing to the high mortality rate in the 
event of this devastating complication, a thorough understanding of the pathophy-
siology and clinical presentation of AMI as well as familiarity with the imaging 
features is of utmost importance to make a timely diagnosis so as to decrease 
morbidity and mortality.
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THROMBO-EMBOLIC PHENOMENA AND SOLID ORGAN INFARCTION
Over the past couple of months, an increasing number of reports have emerged 
highlighting the high incidence of thrombotic events in patients with coronavirus 
disease[30,31]. The state of hypercoagulability occurring in COVID-19 patients is 
believed to be mediated by a combination of inflammation, endothelial damage, 
and/or vascular injury[6]. Considering the likelihood of pro-thrombotic complications, 
it is justifiable to perform a contrast enhanced CT scan of the thorax and the abdomen, 
including the arterial and venous phases, in case of suspected pulmonary embolism or 
patients presenting with unexplained abdominal pain[32]. Many venous thromboem-
bolic events have been documented in association with COVID-19 (Figure 5), whereas 
arterial thrombosis has been described in relatively fewer cases and could possibly be 
underestimated[33]. COVID-19 associated arterial thrombosis has been frequently 
observed in non-atherosclerotic vessels on CT imaging[34], suggesting that patients 
with a severe inflammatory reaction as indicated by elevation of D-dimer, fibrin 
degradation products, and platelet count coupled with decreased antithrombin values 
are at greater risk for thrombo-embolic phenomena[35].

Solid organ infarction in COVID-19 could either be incidentally detected on CT 
imaging or could manifest with abdominal pain or features of organ dysfunction. Few 
reports of COVID-19 associated renal infarction have emerged; some of these 
manifesting with acute kidney injury. CECT that includes the arterial and venous 
phases is the study of choice for the recognition of kidney infarction. Ultrasound of the 
kidneys has a limited role in the detection of infarction due to its lower sensitivity and 
specificity[36].

Renal infarcts are well demonstrated preferably in the arterial phase; they manifest 
as solitary or multiple, discrete, wedge-shaped parenchymal defects involving both the 
cortex and medulla, with the apex pointing toward the medulla and base parallel to 
the subcapsular region[37,38] (Figure 6). A subcapsular enhancing cortical rim may be 
visualized a few days later, reflecting perfusion of capsular collaterals. In case of total 
renal infarction, CT demonstrates a non-enhancing kidney with non-opacification of 
the collecting system in the excretory phase. CT angiography may demonstrate filling 
defects in the aorta or the renal arterial vasculature suggestive of thrombi; however, 
these may not always be evident due to the occurrence of microthrombi, which may 
remain occult on imaging[39,40]. The presence of microthrombi in this setting has been 
previously documented on histopathologic evaluation of the glomerular capillaries of 
the infarcted parenchyma[41].

Reports of splenic infarction in COVID-19 are scarce in the published literature, 
since these are usually detected incidentally on chest CECT scans that extend to the 
upper abdomen[42]. These are usually silent but may occasionally manifest with left 
upper quadrant pain and abdominal guarding. CT imaging reveals sharply margina-
ted, wedge shaped, hypodense areas with absent post contrast enhancement; these are 
well depicted in the porto-venous phase. Global splenic infarction appears as hypo/ 
non enhancement of the entire parenchyma[43] (Figure 7). CT angiography may 
demonstrate filling defects in the splenic artery or its hilar branches, representing 
thrombi.

In our experience, solid organ infarction was always incidentally detected during 
imaging performed for suspected pulmonary thromboembolism, particularly in 
association with raised D-dimer levels. Thus, a combination of relevant serum 
biomarkers and judicious use of imaging, particularly contrast enhanced CT scans, 
plays a crucial role in the detection of COVID-19-related coagulopathy, thereby 
facilitating timely management to reduce morbidity and mortality.

HEPATO-BILIARY INVOLVEMENT
The association of hepato-biliary dysfunction with COVID-19 is being increasingly 
recognized[44]. As many as 40% of COVID-positive patients are found to have 
abnormal liver function tests (LFTs) on admission, suggesting hepatocyte injury either 
due to a severe inflammatory response or possibly as a result of ACE-2-mediated viral 
infection of hepatocytes[45].

Very few studies have investigated the role of abdominal imaging in the evaluation 
of COVID-19 related hepato-biliary dysfunction. The predominant abnormalities seen 
in these studies on CT/US imaging were distension of the gallbladder and gallbladder 
sludge (Figure 8), which are indicative of cholestasis[46-48]. Additional imaging 
features such as gallbladder wall thickening/mural edema were detected in fewer 
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Figure 2 Acute mesenteric ischemia diagnosed on computed tomography mesenteric angiography performed in a critical patient with 
coronavirus disease 2019 presenting with severe abdominal pain. The coronal maximum intensity projection image reveals a lack of opacification of the 
right sided branches of the superior mesenteric artery (SMA), namely, the ileo-colic and right colic branches (orange circle). The distal branches of the SMA also 
appear hypoperfused (orange arrow). Imaging features are consistent with SMA thrombosis.

Figure 3 Bowel perforation detected on a computed tomography scan of the abdomen and pelvis performed for evaluation of severe 
abdominal pain and abdominal distension in a critical patient with coronavirus disease 2019. Positive oral contrast is seen to opacify small and 
large bowel loops. There is evidence of jejunal perforation with a localized air collection in the mesentery (orange arrow) at the site and adjacent inflammation (blue 
arrow). The proximal jejunal loops appear dilated. The patient underwent emergency laparotomy with resection and anastomosis.

cases. Since these findings are commonly seen in acute hepatitis, they may serve as a 
useful clue to indicate hepatocellular dysfunction; however, further research is 
essential to establish the true significance of these observations.

Hepatomegaly with increased parenchymal echogenicity is reported to be the most 
commonly encountered liver abnormality on abdominal US, possibly indicative of a 
diffuse parenchymal disease[46-48]. These findings may also be seen in COVID-19 
patients with obesity and non-alcoholic fatty liver disease, which serve as potential 
risk factors for the increase in COVID-19 disease severity[49].

We did not encounter cases of isolated hepato-biliary involvement in COVID-19. 
However, we did observe increased severity of infection in patients with pre-existing 
chronic liver parenchymal disease, detected on imaging. The majority of patients 
presenting with deranged LFTs had no significant abnormality on screening abdo-
minal US, while a small proportion of patients were found to have diffusely increased 
hepatic echogenicity. This subgroup of patients had associated co-morbidities such as 
obesity and type 2 diabetes mellitus, thus the US findings were highly suggestive of 
hepatic steatosis in the given setting. The definite imaging features on US indicating 
hepatic involvement in COVID-19 have not been ascertained so far.

PANCREATIC INVOLVEMENT
Viral pancreatitis is a well-known clinical entity. Although an accurate understanding 
of the spectrum of pancreatic injury is not established at present, recent reports have 
emerged highlighting acute pancreatitis (AP) as a possible manifestation of COVID-19
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Figure 4 Small bowel ischemia detected on computed tomography mesenteric angiography study performed in a coronavirus disease 
2019 patient presenting with severe abdominal pain and abdominal distension. A and B: Axial contrast enhanced computed tomography (CT) images 
of the abdomen and pelvis; C: Sagittal contrast enhanced CT images of the abdomen and pelvis, showing dilated distal ileal loops in the right iliac fossa with non-
enhancing, barely discernible walls suggestive of bowel gangrene (blue arrows in A, B, and C). The proximal small bowel loops appear dilated with air-fluid levels 
within, suggestive of stasis (orange arrow in B).

Figure 5 Venous thrombosis diagnosed in a coronavirus disease 2019 patient presenting with abdominal pain. A: Axial; B: Coronal. Contrast 
enhanced computed tomography (CT) images of the abdomen show a hypodense filling defect in the main portal vein at the hilum extending into the right branch 
(orange arrows in A and B), suggestive of portal vein thrombosis. There were no features of mesenteric ischemia seen on the CT.

[50-52]. COVID-19 induced pancreatic injury is believed to be a consequence of SARS-
CoV-2 cytotoxicity mediated by viral binding to ACE-2 receptors expressed on 
pancreatic islet cells or possibly due to the severe immune response triggered by viral 
infection[53].

The initial diagnosis for AP is usually based on clinical parameters that include 
signs and symptoms of acute abdomen associated with an elevation of serum 
pancreatic enzymes, such as amylase and lipase; however, imaging plays a valuable 
role in aiding the diagnosis whenever the clinical presentation is unclear. Moreover, 
imaging is essential for diagnosing the etiology, staging disease severity, and 
evaluating complications[54,55]. Various researchers have elucidated the imaging 
features of COVID-induced AP based on isolated cases encountered by them in 
practice. Radiologically, it appears to be a mild form of disease, also termed as 
interstitial/edematous pancreatitis, with CT imaging features ranging from a normal-
appearing pancreas and peripancreatic soft tissues to diffuse enlargement coupled 
with heterogeneous enhancement of the parenchyma with ill-defined or fuzzy borders. 
Peripancreatic inflammation appears as hazy stranding of the surrounding fat and 
streak of fluid along the anterior conal fascia and in the retro-mesenteric plane 
(Figure 9). To the best of our knowledge, no case of necrotizing pancreatitis in the 
setting of COVID-19 has been reported so far. Considering the possible occurrence of 
mild pancreatic injury in patients with COVID-19 pneumonia, it may be prudent to 
evaluate pancreatic enzymes in patients presenting with GI symptoms[56]. CT 
imaging could be used in conjunction with the clinical parameters in order to establish 
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Figure 6 Solid organ infarction in a patient with coronavirus disease 2019. Coronal contrast enhanced computed tomography (CT) images of the 
abdomen show discrete, wedge-shaped non-enhancing renal parenchymal defects, with their apex pointing towards the medulla and base parallel to the subcapsular 
region (orange arrows), suggestive of renal infarcts. These were incidentally detected during CT pulmonary angiography.

Figure 7 Incidentally detected splenic infarction in a patient with coronavirus disease 2019. A: Sagittal chest computed tomography (CT) image 
shows subpleural ground glass opacities in the lung fields in a case of coronavirus disease 2019 (orange arrow); B: Sagittal contrast enhanced CT image of the 
abdomen in the same patient show incidentally detected, sharply marginated, wedge shaped, hypodense areas in the spleen, suggestive of splenic infarcts (orange 
arrows).

a correct diagnosis or provide an alternative diagnosis when in doubt. In the absence 
of other etiologies like gallstones, trauma, alcohol, or drug intake, viral infection can be 
considered as the causative factor for pancreatitis in patients with COVID-19.

BLEEDING MANIFESTATIONS
Clinicians involved in the treatment of COVID-19 are familiar with the high tendency 
to develop a hypercoagulable state in patients with a severe form of the illness. The 
acute thrombotic complications in critically ill patients affecting different organ 
systems are being increasingly recognized by imaging[18]. However, there is a paucity 
of literature with respect to the occurrence of bleeding events in COVID-19, either as a 
result of coagulopathy or secondary to anti-coagulation therapies[57]. The increased 
risk of bleeding in COVID-19 patients is believed to result from an imbalance between 
production and destruction of platelets secondary to infection[58]. More importantly, 
the possibility of bleeding complications is increased by the use of therapeu-
tic/prophylactic anticoagulation to combat the COVID-19 associated hypercoagulable 
state, as evidenced by elevated D-dimer levels[59]. A sudden drop in the hemoglobin 
level coupled with features of hypovolemia such as hypotension and tachycardia 
serves as clinical indicators for the development of major bleeding and warrants CT 
imaging to identify the site of bleed[60]. The majority of researchers, including us, 
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Figure 8 Evidence of cholestasis in a critically ill coronavirus disease 2019 patient. A: Axial chest computed tomography (CT) image shows multiple 
peripheral ground glass opacities associated with interstitial thickening in both lung fields (orange arrows in A); B: Axial non-contrast CT image of the abdomen shows 
incidentally detected hyperdense sludge within the gall bladder lumen (orange arrow in B), suggesting cholestasis.

Figure 9 Acute viral pancreatitis in a coronavirus disease 2019 patient presenting with abdominal pain. Non-contrast axial computed 
tomography image of the abdomen in a case of suspected viral pancreatitis (intravenous contrast could not be administered due to a history of renal parenchymal 
disease with elevated creatinine) is shown. The distal body and tail of pancreas reveal fuzzy margins with peri-pancreatic fat stranding (blue arrow). Thickening of the 
left anterior conal fascia is noted with a streak of fluid in the left retro-mesenteric plane (orange arrow). Elevated serum amylase and lipase levels, in conjunction with 
these imaging findings, were highly suggestive of a diagnosis of acute viral pancreatitis in a patient with coronavirus disease 2019 presenting with abdominal pain.

have encountered abdominal hematomas as the most bleeding manifestation in 
critically ill COVID-19 patients, of these the ilio-psoas compartment appears to be the 
most frequent site of bleeding[61-64]. Non-contrast CT scans in these cases reveal 
diffuse enlargement of the ilio-psoas compartment with a hyperdense intra-muscular 
collection (Figure 10); sometimes a blood-fluid level may be noted within it, indicative 
of active bleeding. CT angiography may provide confirmatory evidence of active 
bleeding, presenting as a blush or extravasation of intravenously administered 
contrast seen in the arterial phase; this finding would necessitate immediate treatment
[65]. Digital subtraction angiography may then be performed to identify the bleeding 
vessels followed by selective transarterial embolization. In the absence of radiologic 
evidence of active bleeding or hemodynamic instability, conservative treatment may 
be instituted[66]. In our experience, minimally invasive intervention in the form of 
pigtail catheter insertion is useful for drainage of large hematomas; this offers 
symptomatic relief by decompression of adjacent structures.

Abdominal manifestations of COVID-19: Roadmap for future research
A limitation that we encountered while working on this review was that our work was 
based primarily on observations and experiences in a single tertiary care institute. 
Moreover, obtaining the relevant literature pertaining to imaging of abdominal 
complications of COVID-19 was an uphill task owing to the paucity of studies with 
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Figure 10  Bleeding manifestations encountered in treated cases of coronavirus disease 2019. A: Contrast enhanced axial computed tomography 
(CT) image of the abdomen shows a hyperdense collection in the right ilio-psoas compartment (orange asterisk in A), suggestive of a hematoma; B: Contrast 
enhanced coronal CT image of the abdomen shows a hyperdense collection in the right iliacus muscle (orange arrow in B) in another patient. Both patients were 
being treated with anticoagulants for coronavirus disease 2019 associated hypercoagulable state evidenced by elevated D-dimer levels. CT imaging was performed 
to evaluate the cause of a sudden fall in hemoglobin.

large sample sizes with particular focus on imaging. Thus, with regards to future 
research, we believe that a multi-centre collaboration can result in higher rates of 
patient enrolment than single-centre studies, thereby generating a larger data pool and 
bigger sample sizes, in a shorter duration, in order to investigate the research question 
of interest. In this manner, it is possible to obtain statistically significant results which 
can be representative of the whole population, thereby leading to more accurate 
insights into the pathophysiology and imaging findings of GI tract involvement in 
COVID-19, and enable researchers to draw evidence-based conclusions.

Another advantage of multi-centre studies is that owing to the heterogeneity of 
available data, it may be possible to understand the chronology or temporal evolution 
of the abdominal imaging manifestations of COVID-19, as findings may vary 
depending on the timing of imaging during the course of infection. These results could 
aid our understanding of the timelines for the various abdominal complications in 
COVID-19, based on which standardized protocols can be developed to guide 
clinicians regarding the clinical red flags and worrisome biochemical parameters that 
require close attention in a COVID-19 patient presenting with GI symptoms, the 
indications and timing of abdominal imaging in COVID-19, the choice of imaging 
modality, particular imaging findings that need evaluation, and appropriate inter-
ventions for each complication. The formulation of standardized protocols for 
diagnosis and treatment could play a major role in the timely identification and 
management of devastating GI complications associated with COVID-19.

Artificial intelligence: Future directions and potential role in the COVID-19 era
Artificial intelligence (AI) based on radiologic evaluation appears to have a promising 
role in the diagnosis, severity assessment, and prognosis of COVID-19 pneumonia. 
Several researchers have demonstrated the utility of AI algorithms, particularly deep 
learning techniques, in the diagnosis of COVID-19 pneumonia based on chest CT 
images, differentiation of COVID-19 pneumonia from other non-COVID pneumonias, 
and quantification of the extent of lung parenchymal involvement using segmentation 
masks[67-69].

With increasing awareness and recognition of the extra-pulmonary manifestations 
of COVID-19, particularly the thrombotic complications, the corresponding imaging 
findings could also serve as appropriate targets for AI systems[67]. A subtype of the 
deep learning technology, namely, convolutional neural networks, has generated great 
interest amongst the radiology community owing to their varied applications[70] and 
could have a potential role in the detection of extra-pulmonary thrombotic complic-
ations of COVID-19 such as multi-organ infarction and arterial and venous thrombi on 
CT imaging. This technique of machine learning, however, would require the 
availability of large amounts of input data for adequate ‘training’. Typical data sets 
required for training could range from hundreds to thousands of patient’s scans. The 
data also needs accurate labels/annotations, which could be binary, meaning whether 
a study is positive or negative for COVID-19, or using segmentation labels to identify 
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the extent of the abnormality. Training data sets may also be augmented further with 
the addition of clinical data, vital parameters, and blood test values. Moreover, it is 
advisable to include external test data sets of patients from a different demographic 
from the one used for training, so as to ascertain if the AI algorithm can be applied to 
various patient populations. Thus, multi-institutional collaboration and global data 
sharing are a must to generate data sets satisfactory for machine learning[70,71]. The 
availability of high-quality data sets of thrombotic complications in COVID-19 
patients, detected on CT angiography images, could be used to develop innovative 
machine learning models for detection and quantification of extra-pulmonary disease 
severity. Thus, AI could certainly serve as a valuable tool to triage COVID-19 patients 
presenting to the emergency department, reduce radiologist workload, improve 
diagnostic accuracy, and facilitate prognostication and management decisions[72].

CONCLUSION
To conclude, GI manifestations of COVID-19 can present at the time of diagnosis or 
can occur anytime during the course of disease; this may necessitate imaging 
especially in critically ill patients. Hypercoagulability is one of the hallmarks of 
COVID-19, with multi-systemic implications. Our experience suggests that a high 
index of suspicion for abdominal visceral infarction and bowel ischemia should be 
maintained in COVID-19 patients presenting with severe GI symptoms. Timely 
imaging with CT angiography in these patients with clinical and biochemical markers 
of ischemia could play a major role in decreasing mortality. In patients with abdominal 
pain, CT imaging can also aid the diagnosis of viral-mediated inflammation of 
abdominal viscera, such as colitis and pancreatitis, thereby guiding appropriate 
management. With regards to treatment-related complications, prompt radiological 
investigations, such as non-contrast CT scans, are crucial for the diagnosis of occult 
bleeding associated with anticoagulant therapy in COVID-19 patients presenting with 
hypovolemia. Thus, in this COVID-19 era, radiologists could play a pivotal role in the 
detection of various GI tract abnormalities associated with the infection and in the 
timely recognition of thrombotic and treatment-related complications. An awareness 
of the COVID-19 associated abdominal imaging manifestations can enable radiologists 
to guide treating physicians for optimal disease management.
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Abstract
The role of radiology and the radiologist have evolved throughout the 
coronavirus disease-2019 (COVID-19) pandemic. Early on, chest computed 
tomography was used for screening and diagnosis of COVID-19; however, it is 
now indicated for high-risk patients, those with severe disease, or in areas where 
polymerase chain reaction testing is sparsely available. Chest radiography is now 
utilized mainly for monitoring disease progression in hospitalized patients 
showing signs of worsening clinical status. Additionally, many challenges at the 
operational level have been overcome within the field of radiology throughout the 
COVID-19 pandemic. The use of teleradiology and virtual care clinics greatly 
enhanced our ability to socially distance and both are likely to remain important 
mediums for diagnostic imaging delivery and patient care. Opportunities to better 
utilize of imaging for detection of extrapulmonary manifestations and complic-
ations of COVID-19 disease will continue to arise as a more detailed under-
standing of the pathophysiology of the virus continues to be uncovered and 
identification of predisposing risk factors for complication development continue 
to be better understood. Furthermore, unidentified advancements in areas such as 
standardized imaging reporting, point-of-care ultrasound, and artificial 
intelligence offer exciting discovery pathways that will inevitably lead to 
improved care for patients with COVID-19.
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Core Tip: The role of both radiology and the radiologist has evolved throughout the 
coronavirus disease-2019 (COVID-19) pandemic. Detecting extrapulmonary manifest-
ations as well as complications of COVID-19 disease with imaging remain important 
areas for further research. The development of COVID-19 severity scoring systems and 
standardized reporting methods has begun to lay the foundations for artificial 
intelligence systems. Furthermore, teleradiology and virtual care clinics were important 
components of the response to the COVID-19 pandemic and will remain important 
mediums for diagnostic imaging delivery and patient care. Finally, the emergence of 
point of care ultrasound is an exciting yet underexplored area of imaging applications 
for COVID-19.
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INTRODUCTION
In December 2019, the first reports of respiratory-related infections with a novel 
coronavirus emerged[1]. This virus, now known as severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2), and the disease it causes, coronavirus disease-2019 
(COVID-19), then quickly spread across the globe and the World Health Organization 
officially announced a global pandemic on March 11, 2020[2]. At the time of this 
writing, there have been more than 100000000 confirmed cases and 2200000 deaths 
worldwide from COVID-19. It is now the third leading cause of death within the 
United States, behind cancer and cardiovascular disease, accounting for nearly 
27000000 cases in the United States and more than 440000 deaths in the United States
[3]. In individuals over the age of 35, it is the leading cause of death in the United 
States[4].

From the pandemic’s inception, radiological imaging has played a critical role in the 
diagnosis and management of COVID-19. However, the role of imaging has evolved 
throughout the pandemic. The purpose of this review is to address the evolving role of 
imaging in the diagnosis and management of COVID-19. In addition, we aim to 
discuss the current state of COVID-19 severity scoring systems in imaging, the 
operational challenges and preparedness response to COVID-19 in regard to the field 
of radiology, as well as the opportunities and future directions of radiological imaging 
in COVID-19.

ROLE OF RADIOLOGISTS
At the onset of the pandemic, the use of imaging, specifically chest radiography (CXR) 
and chest computed tomography (CT), served primarily as diagnostic and screening 
tools for COVID-19[5]. This is because the development of real time-polymerase chain 
reaction (RT-PCR) assays was still in process and the availability of these tests was not 
yet widespread[6,7]. Chest CT was shown to be more sensitive than CXR (95% vs 69%), 
but the use of either was not solely dependent on their sensitivities, but also the 
availability of each technology and the risk of subsequent exposure to other staff 
during each study[5]. Furthermore, early reports suggested a high sensitivity for chest 
CT for patients with COVID-19, and thus argued for its use as a screening tool[8]. In 
contrast, a later study conducted by Bernheim et al[9], revealed that in a study of 121 
patients that examined CT findings in patients within two days of symptom onset, all 
but one patient tested positive with RT-PCR but had negative chest CT findings.

As testing kits became more widely available across communities, the role of 
imaging as a primary diagnostic and screening tool for COVID-19 became secondary 
to RT-PCR[7]. Although still a topic of debate, the Fleischner Society released a 
consensus statement indicating various scenarios where imaging in COVID-19 patients 
may be utilized and the radiologist be called upon, with each scenario being 
dependent upon the severity of disease, the pre-test probability, and the availability of 
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resources [i.e., personal protective equipment (PPE), testing kits, staff, etc.].
These scenarios where imaging is indicated in patients with confirmed or suspected 

COVID-19 are specific for CXR and chest CT and include the following: (1) patients 
with a positive RT-PCR test or high pre-test probability in the absence of a RT-PCR test 
with evidence of risk factors for disease progression (i.e., > 65 years of age, immuno-
compromised, comorbidities such as diabetes mellitus, hypertension, chronic lung 
disease, cardiovascular disease); (2) patients with moderate to severe features of 
COVID-19, regardless of RT-PCR test results; and (3) patients with moderate-to-severe 
symptoms within a high prevalence of disease environment and with limited testing 
resources, regardless of a RT-PCR result[7]. A modified algorithm based on the 
Fleischner Society’s recommendations for imaging in the workup and management of 
COVID-19 disease is detailed in Figures 1 and 2.

Radiologists and medical imaging in general have been important not only in the 
screening and diagnosis of patients with COVID-19, but also in monitoring disease 
progression, predicting prognosis, monitoring treatment response, and determining 
disease severity[10]. In addition to CXR and chest CT, the use of imaging modalities 
such as ultrasound, magnetic resonance imaging (MRI), and 18F-fluorodeoxyglucose 
(18F-FDG) positron emission tomography (PET) have been reported in the 
management of COVID-19 patients. Hereafter, the various imaging modalities used for 
COVID-19 patients, along with their indications, advantages and disadvantages, and 
the various features of disease present on each is described.

CURRENT STATE OF AFFAIRS
CXR
CXR is widely known to be a cost-effective and easily accessible imaging modality and 
is thus often used initially in the assessment of a patient with suspected COVID-19. 
The overall sensitivity of CXR is 69%-74%, with a lower sensitivity at earlier points in 
the course of the disease[1]. It is also easily portable, which makes it useful in patients 
that are immobile or bedridden. CXR can also be used to easily monitor disease 
progression and may be employed for those patients who are showing signs of 
worsening clinical status in the hospital[11]. The utility of CXR is also in evaluating for 
alternative diagnoses which may present with symptoms similar to COVID-19.

Pulmonary imaging findings on CXR are similar to those found on CT, and are often 
bilateral, posterior and peripheral, with a predominance in the lower lung fields. The 
most commonly reported interstitial abnormalities are reticular and reticulonodular 
patterns and the most commonly reported alveolar findings include hazy pulmonary 
opacities similar to the ground-glass opacities (GGOs) identified on CT. These can be 
accompanied with or without consolidation[12,13]. Progression of disease can be 
identified by the pulmonary opacities becoming more diffuse and thickening of the 
interstitial markings. The most severe signs of disease are present 10-12 d after 
symptom onset[14].

CT
Chest CT for COVID-19 has been shown to have a sensitivity of 94% and a specificity 
of 37%, with a positive predictive value of 1.5%-30.7% and a negative predictive value 
of 95.4%–99.8%[15]. Thus, in areas of low prevalence with COVID-19, using CT will 
equate to an increased number of false positives[1]. However, because of this high 
sensitivity, its use may be warranted in the setting of a high prevalence of disease and 
a negative or unavailable PCR test[16].

The high sensitivity of chest CT also allows for radiologists to detect COVID-19 
disease on those patients receiving CT for other indications. This allows for early 
detection and containment in an otherwise asymptomatic patient, which are thought 
to be 18%-33% of those infected with SARS-CoV-2[17-19]. Furthermore, CT can be 
used in the evaluation of certain complications from COVID-19 that may not be 
discernible on CXR, such as pulmonary thromboembolism, lung abscesses, acute 
respiratory distress syndrome (ARDS), myocarditis, and acute lung edema[20,21]. 
Despite the augmented sensitivity, higher resolution and improved clarity in 
identifying both pulmonary and extrapulmonary manifestations with CT, it is 
important to note that the use of CT leads to involvement of more staff within the 
hospital and the use of more personal protective equipment, leading to increased cost 
and heightened risk of spread to hospital employees[22].
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Figure 1 Flowchart depicting four scenarios in which imaging is indicated in the diagnostic work up and management of coronavirus 
disease-2019. A: Moderate to severe features are defined as the presence marked pulmonary damage and dysfunction; B: Mild features are defined as the 
absence of marked pulmonary damage and dysfunction & high risk factors for disease progression are defined as the presence of underlying comorbidities such as 
cardiovascular disease, diabetes, hypertension, and an immunocompromised status; C: Moderate/high pre-test probability is defined as a high background 
prevalence of disease in the surrounding area and a likely scenario of exposure to severe acute respiratory syndrome coronavirus 2; D: Moderate to severe features 
are defined as the presence marked pulmonary damage and dysfunction; E: Imaging refers to either the use of chest radiography (CXR) or chest computed 
tomography (CT). The employment of either is dependent upon time of presentation (early = chest CT, late = CXR), resources (CT scanner availability), and clinical 
expertise (preference of physician for a particular imaging modality); F: Additional imaging would ideally be CXR as it allows for rapid assessment of an evolving 
clinical status; G: Repeat test includes RT-PCR. Imaging features of COVID-19 disease on CXR include a bilateral, posterior and peripheral pattern, with a 
predominance in the lower lung fields; the most commonly reported interstitial abnormalities are reticular and reticulonodular patterns and the most commonly 
reported alveolar findings are hazy pulmonary opacities. This flow chart was adapted and modified based on the Fleischner Society’s article from April of 2020 
(Rubin). COVID-19: Coronavirus disease-2019; RT-PCR: Real time-polymerase chain reaction.

The two most commonly identified pulmonary findings on chest CT are GGOs and 
reticular opacities, typically with bilateral involvement and a multifocal pattern in a 
peripheral, sub-pleural, and posterior distribution[9,15,23-26]. Consolidations are also 
frequently observed, and can be present alone or alongside GGOs, in which case they 
are known as “mixed lesions”. Finally, GGOs with superimposed intralobular lines 
and interlobular septal thickening–known as the crazy paving pattern–is a common 
finding on chest CT[27]. Other notable findings of disease include adjacent pleural 
thickening, intralobular septal thickening, air bronchograms, reverse halo sign, and a 
variant of the reverse halo sign known as the bullseye sign[28-30]. Findings such as 
pleural effusions and lymphadenopathy are normally absent[24].

The CT findings of patients with COVID pneumonia are dynamic and progress 
through a series of four stages marked from the time of symptom onset[31]. The early 
phase (0-4 d) is characterized mainly by the emergence of GGOs. The progressive 
phase (5-8 d) is characterized by an increase in the size and number of GGOs with the 
gradual transformation of GGOs into multifocal, consolidative areas and the 
development of a crazy-paving pattern. The peak stage (9-13 d) is characterized by 
more extensive lung involvement and the presence of more dense consolidations. 
Following the peak stage, an absorption stage can be identified where consolidations 
are slowly reabsorbed and fibrotic bands, a sign of repaired lungs, begin to appear[25,
31]. Evidence of lung abnormalities persist long beyond symptom resolution, with one 
study reporting 94% of patients having residual CT findings 25 d following symptom 
onset[32]. Over the course of recovery, it is common to observe traction bronchiectasis, 
as well as peribronchovascular thickening[33].
Ultrasound 
Ultrasound is well known to have advantages in the realm of medical imaging in that 
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Figure 2 Flowchart depicting four scenarios in which imaging is not indicated in the diagnostic work up and management of coronavirus 
disease-2019. A: Low risk factors for disease progression are defined as the absence of underlying comorbidities such as cardiovascular disease, diabetes, 
hypertension, and an immunocompromised status; B: Low pre-test probability is defined as a low background prevalence of disease in the surrounding area and an 
unlikely scenario of exposure to severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2); C: Low pre-test probability is defined as a low background 
prevalence of disease in the surrounding area and an unlikely scenario of exposure to SARS-CoV-2; D: Moderate/high pre-test probability is defined as a high 
background prevalence of disease in the surrounding area and a likely scenario of exposure to SARS-CoV-2; E: Imaging refers to either the use of chest radiography 
(CXR) or chest computed tomography (CT). The employment of either is dependent upon time of presentation (early = chest CT, late = CXR), resources (CT scanner 
availability), and clinical expertise (preference of physician for a particular imaging modality); F: Imaging would ideally be chest radiography as it allows for rapid 
assessment of an evolving clinical status. This flow chart was adapted and modified based on the Fleischner Society’s article from April of 2020 (Rubin). COVID-19: 
Coronavirus disease-2019; RT-PCR: Real time-polymerase chain reaction.

it does not expose patients to ionizing radiation and is easily accessible in terms of its 
portability and the ability to perform bedside examinations[34]. In the age of a 
pandemic, being able to perform ultrasound at the bedside offers advantages in that 
one does not need to transfer the patient to another part of the hospital and risk 
spreading the virus to other members in the hospital, especially other patients. This 
also frees up those staff involved in the transfer of the patient to attend to their other 
responsibilities. Furthermore, ultrasound is well known to be extremely affordable, 
results are available instantly, and it can be performed on patients who otherwise 
should not be exposed to radiation (i.e., pregnant patients)[22,34-36].

Common findings identified on lung ultrasound in patients with COVID-19 include 
non-specific findings such as the presence of B-line artifacts, an irregularly thickened 
pleura, and sub-pleural consolidations. B-line artifacts are vertically oriented hyper-
echoic artifacts that originate from the pleura or from areas of consolidation. These 
lines indicate accumulation of fluid in the pulmonary interstitial space or alveoli[12,
37]. A-lines can then be seen in the recovery phase of the disease[38].

Despite showing promise as a useful imaging modality in COVID-19 patients, the 
main evidence for the use of ultrasound come from small case series, tutorials, and 
opinion articles, and there are no large-scale studies examining its utility. The current 
guidelines from the major radiological societies for lung imaging in COVID-19 state no 
official role for the use of ultrasound and it is mainly an investigational tool at this 
time[39]. The use of point of care ultrasound (POCUS) will be further discussed in a 
later section.

Nuclear medicine
In imaging of COVID-19 patients, 18F-FDG PET has a high sensitivity but a poor 
specificity and has mainly been reported as an imaging modality that incidentally 
detects evidence of COVID-19 disease[23,40]. For example, a report of a patient who 
underwent 18F-FDG PET/CT for suspected recurrence of non-small cell lung cancer, 
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was noted to have incidental foci consistent with GGO in the lower lobes of the lungs 
bilaterally, determined to likely be related to an acute-inflammatory process. The 
patient then tested positive for SARS-CoV-2, and clinically deteriorated and required 
intensive-care unit (ICU) level care. This example illustrates the importance of 
radiologists maintaining a high-level of suspicion for incidental findings noted on PET 
imaging, as early detection of the virus can lead to improved clinical outcomes, 
especially in those highly susceptible to severe complications[41].

In addition to aiding in early detection, 18F-FDG PET has also shown promise in 
predicting the severity of a lesion and the length of time it will take to heal by 
correlating 18F-FDG uptake with erythrocyte sedimentation rates[42]. Furthermore, 
the use of PET imaging may be beneficial in further understanding the neurological 
complications initiated by infection with SARS-CoV-2. For example, it may aid in 
identifying which brain regions are affected, which cells in the brain are involved, and 
also could aid in selecting patients at risk of developing neurological complications
[43]. Nevertheless, the cost, exposure to excess radiation, prolonged acquisition time, 
and involvement of multiple lines of medical staff and consumption of an unnecessary 
amount of PPE argue against the use of PET imaging for diagnostic purposes[44]. 
Further research is warranted to examine the utility of PET imaging in assessing 
functionality of lesions and predicting disease severity.

MRI
MRI of the chest does not provide additional findings in patients with COVID-19 
when compared with CT in terms of pulmonary manifestations. It is less widely 
available, more expensive, and has an increased imaging acquisition time[23,45,46]. 
The primary indications for the use of MRI in patients with COVID-19 are in the 
evaluation of complications involving the neurological and cardiac systems, such as 
acute necrotizing encephalopathy or myocarditis[1]. Furthermore, for patient groups 
in whom exposure to ionizing radiation should be avoided (i.e., young children, 
pregnant patients), MRI may be a viable option[47].

COVID-19 imaging severity scoring systems
Being able to quantitatively capture the severity of disease in COVID-19 patients via 
imaging provides clinicians with a method of identifying and managing patients with 
severe disease in situations where rapid triage is a necessity. The application of pre-
COVID-19 severity scores has been utilized and novel scoring systems have also been 
developed specifically for patients with COVID-19[48]. The details of various scoring 
systems developed in both CXR and Chest CT are outlined below. Although it is 
unclear as to which scoring method is the most optimal, it is imperative that 
radiological departments around the world adopt a system and consistently use it, 
while also ensuring their results can be consistently reproduced[48].

As previously stated, CXR has a low sensitivity early in the COVID-19 disease 
course, but in the emergency setting and for patients in the ICU, it can be used to 
monitor rapid progression of lung involvement in later stages of the disease[48]. The 
severe acute respiratory infection chest radiography severity scoring system was 
developed in 2015 with the original intent for it to be used by the non-radiologist 
clinicians to examine patients with acute respiratory processes[49]. Yoon et al[50] 
reported the use of this scoring system in the assessment of pulmonary involvement in 
COVID-19 patients[48]. The Radiographic Assessment of Lung Edema classification 
system was developed in March of 2020 by Wong et al [15], but it was adapted based 
on a similar score created by Warren et al in 2018. The only score to date created solely 
for patients with COVID-19 were proposed by Borghesi in March of 2020[51]. The 
median score of patients from the original study was 6.5 and the CXR score in patients 
who died was significantly higher than those discharged from the hospital[51]. A 
summary of the various features of each chest radiographic scoring system is detailed 
in Table 1.

The use of CT imaging is highly effective at detecting COVID-19 early on in the 
disease course, with a sensitivity of up to 95%[15]. Thus, early on in the pandemic, 
clinicians pursued a severity scoring system for patients with COVID-19 based on CT 
findings[48]. The chest computed tomography severity score was developed by Yang 
et al[52] in March of 2020 as an adaptation from a previously used method during the 
SARS epidemic of 2005, and was used to rapidly identify those patients in need of 
hospital admission on initial presentation. The total severity score (TSS), also 
developed in March of 2020 by Li et al[53], was designed to examine the relationship 
between imaging findings and clinical presentation in patients with COVID-19. The 
chest computed tomography score was published by Li et al[54] in March of 2020 and 
is similar to the TSS. A summary of the various features of each chest CT scoring 
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Table 1 Three main chest radiographic scoring systems use for coronavirus disease-2019 and their characteristic features

Chest Radiography Scoring Systems for COVID-19

Characteristics of Chest 
Radiography Scoring 
Systems

Severe Acute Respiratory Infection[48] Radiographic 
Assessment of Lung 
Edema[49]

Chest X-ray Score[51]

Division of Lungs None 2 lungs 6 zones (3 zones each lung)

Methodology of Score 
Calculation

Entire lungs scored as one Each lung scored 
and totaled

Each zone scored and totaled

Characteristics Scored Various radiographic findings 1GGOs or 
consolidation

Various radiographic findings

Scoring Scale 1 = normal; 2 = patchy/hyperinflation/bronchial wall 
thickening; 3 = focal consolidation; 4 = multifocal 
consolidation; 5 = diffuse alveolar change

1 ≤ 25%; 2 = 25%-
50%; 3 = 50%-75%; 4 
≥ 75%

0 = no abnormalities; 1 = interstitial 
infiltrates; 2 = interstitial (predominant) & 
alveolar infiltrates; 3 = interstitial & alveolar 
(predominant) infiltrates

Designed Specifically 
for COVID-19 Disease

No No Yes

1Ground glass opacities. Modified based on study from Wasilewski et al[47]. COVID-19: Coronavirus disease-2019; GGO: Ground-glass opacities.

system is detailed in Table 2.

CHALLENGES
Differential diagnosis
One of the main challenges in COVID-19 imaging lies in its differential diagnosis on 
chest CT. This is due to the fact many of the findings on CT can be observed in other 
categories of disease, which include the following: inspiration/motion artifacts, 
trauma, other alveolar infectious etiologies (both viral and non-viral), as well as 
various interstitial and vascular pathologies[55]. While it is not possible to arrive at a 
diagnosis for COVID-19 based on imaging features alone, it is crucial to understand its 
features and their overlap with other infectious and non-infectious causes. 
Furthermore, it is also critical to always consider the epidemiological history of the 
patient and their symptoms in addition the objective laboratory and imaging findings 
prior to making a diagnosis[33]. Nonetheless, the various infectious/non-infectious 
mimickers of COVID-19 pneumonia follow hereafter.

GGOs may be one of the most common manifestations on CT of COVID-19 
pneumonia; however, shallow inspiration, motion artifact from cardiac pulsation, and 
fibrotic bands/sub segmental atelectasis may present as a GGO-like appearance[56]. 
Traumatic lung findings, such as pulmonary contusion, can lead to the appearance of 
nodular opacities or large areas of consolidation based on the degree of trauma. 
Although these findings are present in COVID-19 pneumonia, appropriate clinical 
assessment of the patient will help to differentiate a trauma related finding from 
COVID-19 pneumonia[57]. Furthermore, pulmonary edema may present as diffuse or 
patchy GGOS, but with a central predominance and will change with positioning 
because of the gravitational predominance. Additionally, pulmonary edema is often 
accompanied by pleural effusions, an uncommon finding in COVID-19 pneumonia.

Viral causes of pneumonia that can present similarly to COVID-19 pneumonia 
include influenza virus, parainfluenza virus, adenovirus virus, respiratory syncytial 
virus, and other coronaviruses[33,58]. The typical findings for these viral infections 
include those involving the interstitium and non-unique findings such as GGOs, 
peribronchovascular thickening, centrilobular opacities, “tree-in-bud” pattern, and 
patchy consolidations[58]. However, some findings that more often support COVID-19 
pneumonia specifically include the presence of GGOs in a peripheral and sub-pleural 
distribution, a reverse halo sign, and vascular enlargement[59]. It is important to note 
that while these findings may be typical in COVID-19 infection, they are not 
completely unique to the disease. For example, the reverse halo sign has been 
described in tuberculosis and various fungal infections, and the sub-pleural distri-
bution of opacities and crazy-paving pattern can also be observed in other 
coronaviruses such as SARS and Middle East respiratory syndrome virus[60].
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Table 2 Three main chest computed tomography scoring systems use for coronavirus disease-2019 and their characteristic features

Chest CT Scoring Systems for COVID-19

Characteristics of Chest CT 
Scoring Systems

Chest Computed Tomography 
Severity Score[52]

Total Severity Score [53] Chest Computed Tomography Score [54]

Division of Lungs 20 regions for each lung 5 lobes 5 lobes

Methodology of Score 
Calculation

Each region scored & amount 
totaled

Each lobe scored and amount totaled Each lobe scored and amount totaled

Characteristics Scored Amount of opacification % of disease in each lobe (1GGOs, mixed 
GGOs, consolidation)

% of disease in each lobe (no specific 
features)

Scoring Scale 0 = 0%; 1 = 1%-50%; 2 = 51%-
100%

0 = 0%; 1 = 1%-25%; 2 = 26%-50%; 3 = 
51%-75%; 4 = 76%-100%

0 = 0%; 1 ≤ 5%; 2 = 5%-25%; 3 = 26%-49%; 
4 = 50%-75%; 5 ≥ 75%

Sensitivity & Specificity 83% & 94% 83% & 100% 80% & 82%

Lowest Score for Severe 
COVID-19 Cases

19.5 7.5 7

Designed Specifically for 
COVID-19 Disease

Yes Yes Yes

1Ground glass opacities. Modified based on study from Wasilewski et al[47]. CT: Computed tomography; COVID-19: Coronavirus disease-2019; GGO: 
Ground-glass opacities.

Bacterial pneumonias can also be included on the differential diagnosis when 
examining a chest CT for COVID-19; however, bacterial pneumonia commonly causes 
a lobar/bronchopneumonia and pleural effusions, both of which are atypical findings 
in COVID-19 pneumonia[61]. Pneumocystis jiroveci pneumonia commonly presents as 
GGOs with a crazy-paving pattern in the immunosuppressed host. However, these can 
typically be observed in the upper lobes and in a central distribution, helping to 
distinguish it from COVID-19 pneumonia[62]. Other fungal infections such as 
candidiasis, cryptococcosis, and coccidiomycosis tend to cause lymphadenopathy and 
cavitation, both uncommon findings in patients with COVID[63].

Neoplasms may also be included in the differential of a suspected COVID-19 patient 
since the presence of focal GGOs and/or rounded opacities may be features of both
[64]. For completeness, additional pathologies to be included in the differential 
diagnosis include organizing pneumonia, pulmonary alveolar proteinosis, sarcoidosis, 
pulmonary infarction, various interstitial lung diseases, vasculitides, and aspiration 
pneumonia[33,55,58,65].

Operational challenges and preparedness
It is important to consider the logistical challenges that radiological imaging has faced 
throughout the COVID-19 pandemic and understand how those challenges have been 
dealt with systematically. Because COVID-19 is spread through person-to-person 
contact and/or respiratory droplets, and one of the most effective methods to prevent 
spread of the virus is through social distancing, radiology departments around the 
world were required to come up with efficient and safe protocols to keep staff and 
patients safe while imaging patients with suspected COVID-19[66]. In general, for 
radiology departments to continue to safely operate during the COVID-19 pandemic, 
constant communication concerning the number of positive cases in the department, 
the available amount of PPE, the currently quarantined staff, as well as scheduling for 
previously cancelled non-urgent imaging and a daily analysis of labor costs vs. staffing 
and the available work shift slots are all vital tasks[67]. Many of the specific examples 
of adjustments made with in departments in response to operational challenges 
prompted by virus are detailed below.

One of the initial steps taken by many departments to provide safety for those 
working in the radiology department has been to limit the number of onsite 
radiologists and ensure a reserve of radiologists at home with less potential exposure 
to COVID-19. Additionally, any in-person meetings that could be held on a virtual 
platform were transitioned appropriately[68]. Furthermore, radiologist workstations 
have been spread out amongst areas in the hospital with extra availability, and the 
option of remote interpretation has become more widely employed[68]. Finally, many 
non-urgent imaging examinations such as low-dose CT for lung cancer screening and 
screening mammography were postponed at one point or another to decrease the 
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volume of patients in and out of the radiology imaging rooms[69]. This latter 
adjustment led to a significant decrease in outpatient imaging (i.e., In July 2020, an 87% 
reduction overall in outpatient imaging was observed, with a 93% reduction in 
mammography specifically)[70].

Patients with suspected or confirmed COVID-19 are now often dedicated to isolated 
imaging rooms for both chest radiography and CT, and dedicated pathways to these 
rooms through the hospital have been created to limit contact with unnecessary staff 
and other patients[71,72]. Moreover, non-essential items within these dedicated 
COVID-19 imaging rooms are removed to ensure more effective and efficient 
sanitization sessions[71]. To ensure staff safety during imaging acquisition of patients 
with suspected or confirmed COVID-19, protocols have been developed for each type 
of imaging. In chest radiographs, one method reported used two separate radio-
graphers; one that managed the workstation and one that positioned the patient 
appropriately. A similar two person staffing procedure can be applied when using CT
[67,72]. Patients and staff should always be wearing a surgical mask throughout the 
examination and during transport and all equipment used should be properly 
sanitized after use, and an N95 mask is to be worn by staff if an aerosolizing procedure 
is being performed[73]. These extra safety measures lead to an increased turnover time 
between imaging and thus less availability of imaging throughout the hospital. For 
example, after decontamination of a CT scanner, the room must be closed for 1 h to 
allow for appropriate ventilation and circulation[74]. Furthermore, requiring a higher 
staff to patient ratio leaves departments with less available employees available for 
other work-related tasks at a given time[75].

Interventional radiology (IR) also has faced several unique challenges throughout 
the COVID-19 pandemic. At the most basic level, IR suites were forced to redesign 
their layouts to provide maximal containment of disease before, during, and after 
patient transmission, as well as minimal transmission through fomite exposure[76,77]. 
Furthermore, adjustments in case prioritization often via a tier-based system became a 
necessity to balance both risk of infection with appropriately timed delivery of care to 
non-COVID-19 patients[78]. The volume of cases in IR was also impacted by the 
COVID-19 pandemic. For example, according to a survey administered to IR 
departments in Canada in May of 2020, 50% of respondents reported a decreased 
demand for acute IR services, which correlated with a simultaneous decrease in 
emergency department admissions[79,80]. Elective IR procedures were also noted to 
be reduced as a necessary measure to ensure maximum risk reduction in terms of viral 
spread[81]. While the overall volume of cases within IR declined as a result of the 
pandemic and many procedures within IR were documented to decrease in volume, 
venous IR procedures actually increased in volume[82]. It is possible that this rise 
could be attributed in part to the association of COVID-19 with venous thromboem-
bolism, as well as the predominantly sedentary lifestyle of the general public in the 
face of stay-at-home orders and social distancing policies[83].

OPPORTUNITIES
While SARS-CoV-2 primarily causes respiratory related illness, it has also been 
demonstrated to manifest pathologically in the cardiac, neurologic, gastrointestinal, 
genitourinary, vascular, and dermatological systems[38,84]. It is hypothesized that the 
complex pathophysiology the virus induces, which involves a heightened immune 
response, coagulation system dysfunction, and severe hypoxia, contribute to its 
induction of multiorgan system disease processes[84]. Additionally, its mechanism of 
cell entry via the angiotensin-cell converting enzyme II receptor, which is distributed 
widely throughout human tissues, may also explain these multisystem manifestations. 
Briefly, each organ system impacted by COVID-19 and the associated pathologies and 
the relevant imaging used to assess these pathologies will be described. The reader 
may reference Table 3 for a comparison of the various imaging modalities used in 
COVID-19 disease and their associated findings/features characterized by organ 
system (both pulmonary and extrapulmonary).

Extrapulmonary manifestations
In terms of cardiac dysfunction, COVID-19 disease has been reported to induce 
myocardial injury, arrythmias (i.e., atrial fibrillation), arterial/venous thromboemboli, 
cardiomyopathies, myocarditis, and cardiogenic shock[85,86]. Cardiac MRI is the ideal 
imaging modality to detect cardiac abnormalities in COVID-19 patients and the use of 
CT angiography is also important in surveying for coagulation related pathologies 
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Table 3 Four most common imaging modalities used in the diagnosis and management of coronavirus disease-2019 and their unique 
features/findings characterized by organ system

Characteristic Features of COVID-19 by Imaging Modality

Organ Systems 
Impacted by 
COVID-19

1CT Ultrasound Magnetic resonance imaging Chest radiography

Pulmonary 2GGOs and reticular opacities; 
consolidations; 3crazy paving pattern; 
multifocal and bilateral in a peripheral, 
sub-pleural, and posterior distribution

4B-line artifacts; 
irregularly 
thickened pleura; 
sub-pleural 
consolidations

Similar to CT Interstitial reticular and 
reticulonodular patterns; alveolar 
hazy pulmonary opacities 
(equivalent to GGOs on CT); 
consolidations; multifocal & 
bilateral in a peripheral, sub-
pleural, and posterior distribution

Cardiac Cardiac thromboembolism Pericardial effusion Myocarditis; pericardial effusion

Neurological Stroke (ischemic/thromboembolic) Venous sinus 
thrombosis

Stroke 
(ischemic/thromboembolic); 
venous sinus thrombosis, hyper-
intensities

Gastrointestinal Wall thickening; edema; fluid filled 
intestinal lumen; mucosal hyper-
enhancement; mesenteric vascular 
thrombi/ischemia

Portal vein 
thrombosis

Genitourinary Perinephric fat stranding Renal vein/artery 
thrombosis

Both pulmonary and extrapulmonary manifestations of coronavirus disease-2019 disease are detailed. Items are listed from the most common to the least 
common for each imaging modality and its associated organ system.
1Computed Tomography: refers to both computed tomography (CT) and CT angiography.
2Ground-glass opacities (GGOs): ground glass opacities.
3Crazy paving pattern: GGOs with superimposed intralobular lines and interlobular septal thickening.
4B-line artifacts: vertically oriented hyperechoic artifacts that originate from the pleura or from areas of consolidation. CT: Computed tomography; COVID-
19: Coronavirus disease-2019; GGO: Ground-glass opacities.

such as cardiac thrombosis[87,88]. Neurologically, COVID-19 has been reported to be 
associated with acute stroke, encephalopathy, epilepsy, altered mental status, 
hypogeusia, hyposmia, and anosmia[89,90]. The use of non-contrast CT and/or non-
enhanced MRI can be used to detect areas of infarct or venous sinus thrombosis 
related to COVID-19[91]. Furthermore, T2-weighted fluid-attenuated-inversion 
recovery imaging can detect areas of hyper-intensity, one of the most common 
locations being unilaterally in the mesial temporal lobe[92,93].

Disturbance of the permeability of the small and large intestine caused by SARS-
CoV-2 is thought to be one of the mechanisms for gastrointestinal symptoms in 
COVID-19 patients[94]. In fact, up to 40% of COVID-19 patients present with 
abdominal symptoms such as acute abdominal pain, nausea/vomiting, and diarrhea, 
although these symptoms may be a result of referred pain due to the basilar distri-
bution of COVID-19 infection[83,95]. If these symptoms construct the primary chief 
complaint of the patient, an abdominopelvic CT is indicated; clinicians should include 
COVID-19 on the differential diagnosis if bilateral ground glass opacities are observed 
at the lung bases[95]. CT findings of the gastrointestinal tract in COVID-19 patients 
include wall thickening, edema, fluid filled intestinal lumen, and mucosal hyper-
enhancement[96]. Furthermore, the use of CT angiography is beneficial for assessing 
for mesenteric arterial or venous thrombi and ischemia, a common finding in the 
COVID-19 patients given the pathophysiology of the disease involves coagulation 
system dysfunction[97]. Doppler ultrasound may also be employed in situations 
where portal vein thrombosis is suspected[97].

Other abdominal symptoms are a result of infection of the liver, which is the second 
most common organ to be involved in COVID-19 infection behind the lungs, and can 
be adequately assessed with CT, MRI, or ultrasound[98]. It is thought that the virus 
infects the cholangiocytes of the liver and not the hepatocytes themselves, and thus 
abnormality in liver function tests or gall bladder enzymes (found in 53% of COVID-19 
patients) should prompt the use of these imaging modalities to assess the hepato-
biliary system[38].
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The genitourinary system, and in particular, the kidneys, are commonly injured 
among critically ill COVID-19 patients (20%-40%) as a result of infarction and inflam-
mation[99]. The use of ultrasound is first line for evaluating suspected renal vascular 
involvement as allergies to contrast and renal insufficiency preclude the use of CT 
with contrast[100]. Other notable extrapulmonary manifestations of COVID-19 that 
don’t necessarily maintain a role for imaging but are included here for completeness 
sake include dermatologic pathologies such as COVID toes (frostbite-like toes or 
“pseudochilbain”) and maculopapular eruptions[101]. These are the result of 
microvascular thrombosis and often appear in more severe cases[102].

Complications
A number of complications from COVID-19 infection can arise and the use of imaging 
in the detection and monitoring of each may improve patient outcomes and overall 
survival[103]. The presence of pleural effusions, multiple lung nodules, tree-in-bud 
opacities, and lymphadenopathy–all uncommon findings in isolated COVID-19 
pneumonia–on imaging should raise a suspicion for a bacterial superinfection, a 
complication reported in 14% of patients in the ICU[104,105]. ARDS, a severe 
complication in COVID-19 patients more common in patients in critical condition, 
presents clinically as marked arterial de-oxygenation and respiratory failure and can 
be confirmed by CT imaging that shows diffuse bilateral areas of GGOs[106]. 
Pulmonary emboli have been reported to arise in 13% of COVID-19 patients, with the 
majority of cases also occurring in critically ill patients[103]. Clinical suspicion of this 
complication should prompt the use of CT-angiography for confirmation and determ-
ination of the clinical treatment course[107]. Interestingly, because COVID-19 can lead 
to both macro- and micro-vascular complications, it is possible that those in the 
recovery phase of COVID-19 may develop chronic thromboembolic disease (CTED) or 
chronic thromboembolic pulmonary hypertension (CTEPH)[108]. The work-up of 
suspected CTED and CTEPH should be pursued with ventilation/perfusion scinti-
graphy over CT as it more sensitive in detection[109].

Because of the wide variety of disease COVID-19 can cause, it is critical for 
radiologists to understand the pathophysiology that leads to multiorgan system 
dysfunction so that complications are recognized more regularly and the detection of 
one complication prompts a thorough search for others[38]. As more research is 
pursued and our understanding of the pathophysiology and manifestations of 
COVID-19 disease evolve, so too will the role of imaging in the detection, diagnosis, 
and monitoring of disease progression in the extrapulmonary manifestations and 
complications in COVID-19 patients[38,110].

Teleradiology & virtual care
Teleradiology is a subset of telemedicine that involves the interpretation of diagnostic 
imaging at a site that is remote from where that image was acquired[111]. It can be 
categorized as intramural–the radiologist interpreting the imaging works for the 
institution where the image was taken–or extramural–the radiologist interpreting the 
imaging works for a group or practice that is not a part of the institution where the 
image was acquired[112]. Teleradiology was originally used in the 1990s to provide 
intramural emergency radiology access from remote sites[113]. However, advances in 
technology and demand from market forces quickly propelled its growth and utility in 
a variety of aspects of diagnostic imaging[114]. In fact, the global teleradiology market 
is projected to reach $ 8.2 billion in size by the year 2024[113,115]. During the COVID-
19 pandemic, teleradiology has unsurprisingly become an important asset for the field 
of radiology. It allows for isolation of radiologists from suspected or confirmed 
COVID-19 patients in the clinical setting and a reduction in the number of staff in the 
hospital[75]. Additionally, a teleradiology infrastructure that is properly organized 
and staffed can allow for enhanced preparedness in surges in imaging as a result of 
COVID-19 patient influxes[78]. With these benefits in mind, it is important to consider 
the challenges facing teleradiology in aspects such as licensing and credentialing, 
technology and systems along with their integration, and staffing models[115]. 
Addressing these will allow for a more robust integration of teleradiology into 
everyday clinical practice and will improve the response and handling of the COVID-
19 pandemic and future pandemics alike.

The use of teleradiology in strengthening our response to surges in imaging, as well 
as reducing the risk of viral spread via providing the opportunity to socially distance, 
are not the only aspects of virtual care in the field of radiology that has played a role in 
the COVID-19 pandemic. IR clinics, for example, have made an effort to transition to 
virtual appointments to reduce the spread of COVID-19. A recent survey of 122 
patients from an Interventional Neuroradiology clinic demonstrated additional 
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benefits in having a virtual clinic beyond social distancing[116]. The study found that 
virtual clinics are not only more efficient, but also are preferred among patients and 
physicians in the non-urgent setting[116]. This illustrates an important shift in the 
delivery of care for patients that not only reduces the transmission of COVID-19, but 
also delivers more efficient and preferred care[116-118].

EVOLVING TRENDS AND FUTURE DIRECTIONS
Standardized reporting
A standardized reporting system known as the COVID-19 Reporting and Data System 
was developed by the Dutch Radiological Society in April of 2020[119]. This task was 
pursued to promote a form of standardized communication in regard to COVID-19 CT 
imaging disease findings and improve communication between radiologists and 
referring physicians[59,119,120]. The Radiological Society of North America also 
developed a consensus on standardized reporting for COVID-19 imaging findings
[121]. A comparison of the two systems can be found in Table 4.

Structured reporting aids in the radiologists’ recognition of certain disease patterns, 
decreases the variability in radiological reporting, and provides more certainty for 
findings that are likely a result of COVID-19 disease. Furthermore, standardized 
reporting systems such as these lead to improved educational and research-oriented 
projects, improve selection of cutoff points that clinicians utilize for clinical 
management, and enhance the specificity of CT imaging for COVID-19[122]. These 
systems and future systems alike will continue to improve and their adoption, 
implementation and utilization among radiologists around the world will be vital for 
optimal patient care and future clinician education.

Point of care diagnostics
Aside from RT-PCR, one of the main point of care diagnostic imaging tools that is 
showing promise for COVID-19 patients is POCUS. POCUS has begun to gain traction 
in the medical community for the diagnosis and subsequent management of COVID-
19 patients as it offers many benefits. For example, it is quick, affordable, requires no 
ionizing radiation, can be done at the bedside, and it addresses many of the same 
clinical questions that chest radiography and CT scans address[123]. In fact, lung 
ultrasound has been shown to be more sensitive than traditional chest radiography in 
the detection of infections involving the lower respiratory tract[124,125]. POCUS can 
not only be useful in the initial diagnosis of COVID-19, but it is also useful in 
following disease progression and monitoring for many of the associated complic-
ations[34]. These include evaluating for ARDS, cardiogenic pulmonary edema, 
pericardial and pleural effusions, determining ventricular function, assessing for a 
pneumothorax, screening for deep vein thromboses, assessing adequate lung 
recruitment during mechanical ventilation, predicting the efficacy of prone 
positioning, aiding in weaning of patients on mechanical ventilation[126-130].

A recent study from Italy proposed a standardized acquisition protocol and scoring 
system for lung ultrasound in COVID-19 patients[36]. The acquisition protocol 
requires scanning of 14 areas (3 posterior, 2 lateral and 2 anterior) for 10 s. The scoring 
procedure is as follows: 0 = the pleural line is continuous and horizontal artifacts (A-
lines) are present; 1 = the pleural line is indented, and vertical areas of white are 
visible; 2 = the pleural line is broken and below the breaking point are darker areas 
with corresponding white areas beneath, indicating areas of consolidation; 3 = the 
pleural line is broken, and the scanned area shows dense and diffuse white lung with 
or without darker areas of consolidation[36]. Additionally, a United States study 
developed a 6-zone protocol that emphasizes provider safety, image time acquisition, 
and focuses mostly on the posterior and lateral fields[131].

It is important to consider the logistical adjustments that need to be made when 
using POCUS in COVID-19 patients. For example, acquiring video loops instead of 
static images decreases image acquisition time and thus exposure time. Additionally, 
POCUS examinations should be performed in pairs with one healthcare provider 
coming in contact with the patient as to minimize transmission[132]. Furthermore, 
properly disinfecting machines and the associated equipment and materials involved 
per manufacturer specific guidelines is critical to ensuring safe use of POCUS in the 
management of patients with COVID-19[22,133-135].

There are many limitations to the use of POCUS in COVID-19 patients and the 
evidence supporting its use to date. For example, many of the studies conducted thus 
far were during a period of high prevalence of disease, which likely influences the 
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Table 4 Two main standardized reporting systems used for coronavirus disease-2019 compared by their characteristic features

Standardized CT Imaging Reporting Systems for COVID-19

Characteristics of the 
Reporting System

Coronavirus Disease 2019 Reporting and Data 
System[118]-Dutch Radiological Society

Consensus Statement on Reporting Chest CT Findings for COVID-19-
Radiological Society of North America[120]

Type of Reporting System Quantitative Qualitative

0 = inadequate or suboptimal imaging No equivalent

1 = very low suspicion for COVID-19 with 
findings of non-infectious etiology

Negative for pneumonia = no CT features to suggest pneumonia

2 = low suspicion of COVID-19 with infectious 
findings not typical for COVID-19

Atypical appearance = absence of typical or indeterminate features & 
the presence of lobar or segmental consolidation, but no GGOs or 
centrilobular nodules

3 = equivocal scan with common findings of 
COVID-19

No equivalent

4 = high suspicion of COVID-19 with typical 
features that overlap with other viral pneumonias

Indeterminate appearance = absence of typical features and the 
presence of multifocal, diffuse, or unilateral GGOs with or without 
consolidation in a non-specific distribution

5 = very high suspicion of COVID-19 with typical 
findings of disease in typical locations

Typical appearance = peripheral and bilateral GGOs with or without 
consolidations/crazy paving pattern

Components & Relationship 
Between Both Reporting 
Systems 

6 = RT-PCR positive COVID-19 No equivalent

Inter-observer agreement Absolute agreement between 68.2% of observers; > 
80% observer agreement on COVID-19 being low 
to very low or high to very high

No data

CT: Computed tomography; COVID-19: Coronavirus disease-2019; GGO: Ground-glass opacities; RT-PCR: Real time-polymerase chain reaction.

diagnostic accuracy of POCUS[136]. Furthermore, inter-operator reproducibility of 
POCUS on COVID-19 patients is not known. This is especially valuable information as 
ultrasound is heavily operator dependent and inexperienced providers may not 
achieve optimal images[137]. However, in general, while there are limited studies and 
none that are prospective in nature in regard to POCUS in COVID-19, POCUS has 
many features that offer clinicians valuable data while managing COVID-19 patients
[138,139]. More research is needed to better understand the role it plays in managing 
COVID-19 patients.

Artificial intelligence
Another exciting avenue of research in COVID-19 imaging involves the use of artificial 
intelligence (AI). One manner through which AI can be utilized in the field of 
radiology is to help gather and integrate large data sets from disconnected sources that 
can then be used to create models that aid in predicting diagnosis of disease[140]. 
Using AI to do this, for example, with imaging findings related to COVID-19, is the 
most effective method to ensure an expeditious development of these models[19]. 
These data sets should include not only imaging data, but also the radiology reports 
and the clinical information such as symptoms and laboratory data[141]. It is also 
important to note that the widespread use of standardized reporting of COVID-19 
imaging findings is necessary for the development of deep learning networks 
following data set acquisition, which can eventually assist in the detection of COVID-
19 based on imaging features and other clinically relevant data[20].

One of the main uses of AI in imaging for the detection of COVID-19 applies to CXR 
and CT[142]. Several studies have demonstrated the use of AI models that accurately 
differentiate COVID-19 from community-acquired-pneumonia on based on the 
differences in their associated imaging features on both CXR and CT[143-145]. Aside 
from detection and differentiation of disease from other similar presentations, AI 
models have been developed to assess severity of infection and predict clinical 
outcomes based on the amount of opacities present, vascular changes, and other 
pertinent imaging findings[146]. Despite these promising advances, there remains 
much more room for improvement in the homogeneity of COVID-19 imaging sets and 
also in the detection and prediction of complications from COVID-19, which 
contribute significantly to mortality in COVID-19 patients[142,147].
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CONCLUSION
The role of radiology and the radiologist have evolved throughout the COVID-19 
pandemic, but both have always remained important in the diagnosis and subsequent 
management of patients with COVID-19 disease. Many challenges at the operational 
level have been overcome within the field of radiology and the current rising trend in 
teleradiology offers an opportunity for better preparedness during the remaining 
duration of the COVID-19 pandemic and future pandemics alike. Opportunities to 
better utilize of imaging for detection of extrapulmonary manifestations and complic-
ations of COVID-19 disease will arise as a more detailed understanding of the 
pathophysiology of the virus continues to be uncovered and identification of predis-
posing risk factors for complication development continue to be better understood. 
Furthermore, unidentified advancements in areas such as standardized imaging 
reporting, POCUS and AI offer exciting discovery pathways that will inevitably lead to 
improved care for patients with COVID-19.
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Abstract
The first year of the coronavirus disease 2019 (COVID-19) pandemic has been a 
year of unprecedented changes, scientific breakthroughs, and controversies. The 
radiology community has not been spared from the challenges imposed on global 
healthcare systems. Radiology has played a crucial part in tackling this pandemic, 
either by demonstrating the manifestations of the virus and guiding patient 
management, or by safely handling the patients and mitigating transmission 
within the hospital. Major modifications involving all aspects of daily radiology 
practice have occurred as a result of the pandemic, including workflow altera-
tions, volume reductions, and strict infection control strategies. Despite the 
ongoing challenges, considerable knowledge has been gained that will guide 
future innovations. The aim of this review is to provide the latest evidence on the 
role of imaging in the diagnosis of the multifaceted manifestations of COVID-19, 
and to discuss the implications of the pandemic on radiology departments 
globally, including infection control strategies and delays in cancer screening. 
Lastly, the promising contribution of artificial intelligence in the COVID-19 
pandemic is explored.
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Core Tip: The coronavirus disease 2019 pandemic has had dramatic implications for 
radiology practices worldwide. In this review, the evidence-based role of various 
imaging modalities in the diagnosis and management of the multisystemic manifest-
ations of severe acute respiratory syndrome coronavirus 2 infection is summarized. In 
addition, the infection control strategies, the impact of delayed cancer screening and 
the future role of artificial intelligence are explored.
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INTRODUCTION
The year 2020 has been marked by the worldwide spread of severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2). The novel SARS-CoV-2 that emerged in 
Wuhan, China in December 2019 belongs to the same genus as SARS-CoV-1 and 
Middle East respiratory syndrome coronavirus (MERS), which caused epidemics with 
high mortality rates in 2002 and 2012 respectively[1]. Despite the similarities in 
genomic identity, SARS-CoV-2 has a higher infectivity rate and a lower case-fatality 
rate, contributing to its much wider spread[2]. Since the first official SARS-CoV-2 case 
was documented, the virus has resulted in 173.4 million infections and 3.7 million 
deaths worldwide as of June 4, 2021[3].

SARS-CoV-2 causes multiorgan damage by attaching to the angiotensin-converting 
enzyme 2 receptors expressed by epithelial cells and microvascular pericytes. It 
primarily targets the lung parenchyma, resulting in acute respiratory distress 
syndrome (ARDS). Multiorgan dysfunction can occur either by direct viral-mediated 
damage, or indirectly via the systemic inflammatory response syndrome and the 
hypercoagulable state induced by the virus[4]. The constellation of end-organ injuries 
stemming from SARS-CoV-2 infection has been referred to as coronavirus disease 2019 
(COVID-19). Around 80% of infected individuals develop mild-moderate disease, 
whereas 14% have severe symptoms and 5% patients become critically ill[5]. Factors 
associated with worse outcomes and higher mortality include hypertension, diabetes 
mellitus, coronary artery disease, older age and severe obesity[6-8].

Similar to previous pandemics, imaging has played a pivotal role in the 
management of patients with acute respiratory illness. In 1918, just 23 years after the 
discovery of X-rays, the deadly H1N1 influenza A pandemic was the first ever large-
scale application of radiology. Although plain radiography could not provide a 
specific diagnosis, it was the only available modality that could visualize the presence, 
the extent and complications of a pulmonary infection[9]. Nearly a century later, 
advanced imaging technologies, including ultrasonography (US), computed 
tomography (CT), and magnetic resonance imaging (MRI) have dramatically increased 
the value of imaging in patient care.

The radiology community has faced numerous challenges as a result of the new 
global public health emergency. The initially unknown imaging manifestations of the 
novel virus were described and made available to the scientific community soon after 
the onset of the pandemic, although studies reporting on radiologic-pathologic 
correlation were not released till later[10,11]. Unlike previous pandemics, COVID-19 
has been the subject of an extraordinary number of publications, the majority of which 
were commentaries and opinion papers[12]. Many medical journals initiated a rapid 
peer-review process for COVID-19- related submissions in order to make the latest 
advances quickly available to the scientific community[13]. However, the lack of 
meticulous review has led to the publication of biased studies, some of which were 
later retracted even from top medical journals. This so-called “infodemic” contributes 
to confusion and dilutes the pool of legitimate original research investigations[12,14].

Radiology departments worldwide implemented drastic policies to minimize 
transmission of the virus between patients and staff. Some of the strategies that were 
enforced include efficient triaging of patients, designation of imaging rooms 
specifically for suspected cases, meticulous disinfection, enforcement of personal 
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protective equipment (PPE) and shortening of scanning protocols whenever possible. 
Elective imaging studies were postponed during the first surge of the pandemic, 
which caused a significant drop in case volumes and a delay in cancer detection[15,16].

The aim of this review is to summarize the current knowledge of the multi-organ 
imaging manifestations of COVID-19 and to describe the infection control strategies 
that were enforced in radiology departments. Moreover, the repercussions of delayed 
screening studies and the promise of artificial intelligence (AI) are explored.

PULMONARY MANIFESTATIONS
CT
Diagnostic value: The gold standard for the diagnosis of SARS-CoV-2 is the real-time 
reverse transcriptase polymerase chain reaction (RT-PCR) using nasopharyngeal 
samples[17]. Although it has excellent specificity, sensitivity may vary between 42%-
83%[18,19]. This wide range in reported sensitivities can be attributed to inadequate or 
improper tissue sampling, early timing of sampling (when the viral load is low), or 
laboratory errors[20]. High false-negative rates can have a crucial impact, as patients 
who are misdiagnosed as negative can continue transmitting the virus within the 
hospital or the community. Moreover, the initial RT-PCR test kits had long processing 
times and were not readily available in certain regions due to high demand.

Given the need for rapid triaging of patients and prevention of transmission, chest 
CT was proposed as a rapid, reproducible and widely available screening tool[21-23]. 
However, many methodologic concerns and shortcomings are present in studies 
reporting on the performance of chest CT as a diagnostic tool[24]. The majority of 
published studies based their findings on populations with high disease prevalence or 
with only symptomatic patients, introducing a selection bias[25]. Furthermore, some 
studies used CT as a binary test with a low threshold for determining a positive 
examination, which may also overestimate sensitivity and compromise specificity[26,
27]. Several meta-analyses have attempted to generate an estimated sensitivity; 
however, many of them did not assess the risk of bias in the included studies[28].

As a result of these discrepancies, there is great variability in the reported sensit-
ivities (60%-98%) and specificities (25%-53%) of chest CT in the detection of COVID-19 
pneumonia [19]. A Cochrane meta-analysis including data from 31 studies with low 
risk of bias and 8014 participants, 53% of which were COVID-19 positive, showed that 
chest CT has 89.9% sensitivity and 61.1% specificity[29]. The use of CT as a screening 
tool has multiple limitations, including high cost, radiation exposure, and transmission 
risk within the radiology department due to clustering of patients[30]. It has poor 
specificity due to overlap with other pulmonary diseases (i.e., viral pneumonias, 
pulmonary edema, interstitial lung disease), and therefore cannot be used as a 
confirmatory test[31]. Moreover, with a reported negative predictive value of 42%, CT 
chest can lead to false negative results in patients early in the course of the disease. In 
view of these limitations, the World Health Organization (WHO), the American 
College of Radiology (ACR) and other societies have released statements urging 
against the use of chest CT as a screening tool[32,33].

Indications: Chest CT is a valuable imaging modality that can provide an accurate 
assessment of the severity and extent of disease, detect complications, evaluate 
treatment efficacy and rule out alternative diagnoses[34].

Based on the guidelines released by the Fleischner Society, chest imaging is 
indicated in patients with worsening clinical status and for rapid triage of patients 
with moderate-severe respiratory symptoms in a setting of high pre-test probability 
and low RT-PCR availability[35]. Additionally, the WHO recommends chest imaging 
when RT-PCR is negative but clinical suspicion for COVID-19 remains high, and to 
help guide admission to the medical floor vs intensive care unit (ICU) in patients with 
moderate-severe illness[32]. Although imaging is not indicated in suspected cases with 
mild symptoms based on the Fleischner Society guidelines, the WHO recommends 
chest imaging in suspected or confirmed mild cases to help decide on hospital 
admission vs discharge, especially in patients at high risk of disease progression. 
Neither of the aforementioned guidelines clarify which chest imaging modality needs 
to be used on each clinical scenario or provide guidance on follow-up imaging 
intervals and scanning protocols.

Imaging findings: COVID-19 pneumonia causes a wide spectrum of acute lung injury 
ranging from mild inflammation to diffuse alveolar damage[36]. Ground-glass 
opacities (GGOs) are the most common imaging manifestation, seen in 65% of patients
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[37]. GGOs are bilateral in 88%, although they may remain unilateral throughout the 
course of the disease in 17% of cases[38,39]. They typically have a peripheral/ 
subpleural distribution with a predilection for the posterior segments of the lower 
lobes, but may be diffuse in 29% of cases[39]. GGOs may be pure (more commonly) or 
be accompanied by consolidations (mixed pattern). Intralobular and interlobular septal 
thickening, likely a combination of interstitial inflammation and fluid, is seen in 27% of 
cases. Superimposed GGOs giving a crazy-paving pattern is seen in 12% and may be a 
sign of more severe lung injury and disease progression[37]. Consolidations, seen in 
up to 32% of cases, have a subpleural or peribronchovascular distribution and may or 
may not have air-bronchograms[37,40]. They are associated with more severe disease 
requiring management in the ICU[41]. Cavitations are not typically seen.

Subsegmental vascular enlargement (greater than 3 mm) within parenchymal 
abnormalities has been described in up to 64%-89% of patients[42,43]. Although the 
exact pathogenesis is uncertain, it is thought to be related to hyperemia or thrombotic 
microangiopathy[43,44]. Pulmonary nodules are considered atypical, as they are seen 
in only 9% of cases. The halo sign (consolidation surrounded by GGO) and the reverse 
halo sign (GGO surrounded by a rim of consolidation) have been described late in the 
disease course of COVID-19 pneumonia but are considered non-specific[4]. Pleural 
thickening has been described more commonly than pleural effusions (1.6%). 
Mediastinal adenopathy is rarely seen in COVID-19 pneumonia (0.7%) and when seen 
it should point to another process such as concurrent chronic congestive heart failure 
or even bacterial superinfection. The presence of pericardial effusion should raise 
concern for COVID-19 related cardiac injury.

Differential diagnosis: GGOs are a non-specific finding that may occur in numerous 
other entities. However, the distribution and pattern of GGOs as well as 
accompanying features can aid in the differential diagnosis. Pulmonary edema can 
manifest with GGOs in a central distribution and peripheral sparing, along with 
smooth interlobular septal thickening, peribronchial cuffing, cardiomegaly, dilated 
pulmonary veins, and pleural effusions. Diffuse alveolar hemorrhage is characterized 
by diffuse peribronchovascular GGOs but no subpleural predominance. Drug-induced 
pneumonitis can present as non-specific interstitial pneumonia with subpleural 
sparing. E-cigarette vaping induce lung injury (EVALI) can present with peribron-
chovascular GGOs with subpleural sparing. Bronchiolitis is characterized by 
centrilobular opacities, as well as bronchial wall thickening, bronchiectasis and air-
trapping[45,46].

Pulmonary manifestations of SARS-CoV-2 on CT overlap with other viral infections. 
In SARS-CoV-1 and MERS infection, GGOs are typically unifocal and less extensive, 
and the halo and reverse halo signs are atypical[47,48]. Influenza can also manifest as 
bilateral GGOs, with or without consolidations, with a lower lobe predilection; 
bronchiectasis and pleural effusions are, however, more common[49]. In parain-
fluenza, centrilobular nodules and bronchial wall thickening are typical. Respiratory 
syncytial virus infection is characterized by centrilobular nodules (tree-in-bud) and 
asymmetric consolidations. In adenovirus infection, bilateral multifocal GGOs and 
consolidations are seen in a lobar or segmental distribution, frequently with pleural 
effusion[46,50].

Lobar bacterial pneumonia (primarily caused by Streptococcus pneumoniae, Legionella 
pneumophila, Mycoplasma) manifests as lobar or multilobar consolidations, typically 
with regional adenopathy and pleural effusions. Bronchopneumonia (Staphylococus 
aureus, Pseudomonas, Klebsiella, Haemophilus influenzae) manifests as confluent peribron-
chial consolidations, GGOs, centrilobular nodules, bronchial wall thickening, and 
mucoid impaction. Lymphadenopathy, pleural effusions and cavitations are common 
with some of these organisms. Interstitial pneumonia (caused by Mycoplasma and other 
atypical agents) presents with patchy GGOs, consolidations and centrilobular nodules
[46].

Structured reporting: The Fleischner society recommends RT-PCR in patients with CT 
findings suggestive of COVID-19[35]. The Radiological Society of North America 
(RSNA) suggested the use of a structured reporting system to decrease reporting 
variability among radiologists and to reduce uncertainty about the findings that 
should raise concern for COVID-19[19]. It has been validated by several studies and 
appears to be useful in clinical decision making[18,51]. According to this system, 
findings on CT are categorized in 4 categories: typical, indeterminate, atypical and 
negative for COVID-19 pneumonia.



Sideris GA et al. COVID-19 imaging

WJR https://www.wjgnet.com 196 June 28, 2021 Volume 13 Issue 6

Typical findings are the bilateral multifocal peripheral GGOs, which may or may 
not be accompanied by consolidations and thickened interlobular septa. Additionally, 
typical findings include signs of organizing pneumonia (OP), such as the reverse halo 
sign. When applied to chest CTs of 211 patients positive for SARS-CoV-2 and 249 
negative patients in Italy, the “typical” pattern had a 71.6% sensitivity, 91.6% 
specificity and 87.8% PPV for COVID-19 infection, although the PPV varied by disease 
prevalence. In negative patients with a typical pattern (8.4%), the final diagnosis was 
viral pneumonia other than COVID-19 (81.0%), bacterial infection (9.5%) and drug 
toxicity (9.5%)[51].

The “indeterminate” category includes findings with a lower specificity for COVID-
19 pneumonia. These include GGOs that are non-peripheral, multifocal, diffuse, 
perihilar, unilateral, with or without consolidations. The “indeterminate” category 
imposes a diagnostic challenge as there is marked overlap with other infectious and 
non-infectious diagnoses, such as acute hypersensitivity pneumonitis, Pneumocystis 
infection and diffuse alveolar hemorrhage.

Atypical findings include lobar or segmental consolidations without GGOs, 
cavitations, small discrete centrilobular nodules, smooth interlobar septal thickening 
and pleural effusions. These findings are uncommonly reported in association with 
COVID-19 pneumonia, and are associated with bacterial pneumonia, necrotizing 
pneumonia, or aspiration, among others. The “negative” category includes cases with 
no evidence of pneumonia on CT. The atypical and negative patterns were more 
frequently observed in SARS-CoV-19 - negative patients[51].

Similar to other reporting and data systems widely used primarily for cancer 
reporting, the COVID-19 Reporting and Data System (CO-RADS) was designed by the 
Dutch Radiological Society to provide a standardized assessment of the level of 
suspicion for COVID-19 on chest CT. Seven categories were created, with a consid-
erable overlap with the RSNA reporting system: CO-RADS 0 (technical limitations, 
uninterpretable), CO-RADS 1 (negative or very low suspicion), CO-RADS 2 (low 
suspicion), CO-RADS 3 (equivocal), CO-RADS 4 (high suspicion), CO-RADS 5 (very 
high suspicion) and CO-RADS 6 (confirmed by RT-PCR)[52]. The pilot study that 
assessed the performance of CO-RADS included 105 suspected COVID-19 cases, 51% 
of which were confirmed by a positive RT-PCR. Highest interobserver agreement was 
seen with the CO-RADS 1 and 5 categories. Performance, however, was tested in a 
setting of high prevalence of SARS-CoV-2 and low prevalence of other viral 
pneumonias, which may overestimate the positive predictive value[52]. Further 
studies have investigated the utility of CO-RADS in larger samples. A study included 
859 suspected cases (42% of which were positive by RT-PCR), as well as 1138 controls 
who presented to the emergency room for other reasons within the same time period 
(5% of which were incidentally found to be COVID-19 positive). In the symptomatic 
cohort, when CO-RADS 4 was used as a threshold, sensitivity and specificity were 85% 
and 85% respectively, whereas for CO-RADS 5 rates were 78% and 93%, respectively. 
In asymptomatic patients, a threshold of CO-RADS 3 had a very poor sensitivity (45%) 
but high specificity (89%), suggesting that incidental CO-RADS 3 findings should 
prompt RT-PCR testing[53]. The high sensitivity of CO-RADS 4 and 5 suggests that 
patients who belong to these categories and have a negative initial RT-PCR need to 
remain in isolation until a repeat RT-PCR is negative, quarantine has lapsed or an 
alternate diagnosis is made[29,54].

Various severity scoring systems have been created in order to provide a quantified 
assessment of pulmonary involvement on chest CT. They usually divide each lung into 
segments and assign a score for the extent of involvement and nature of opacities. A 
final score is created by summing the scores for each individual segment. Higher CT 
severity scores are seen in patients with critical disease compared to those with milder 
disease[34] and have been associated with worse long-term outcomes[55]. No 
association has been found between the extent of CT findings and infectivity[56].

Disease phases: The findings on chest CT follow the temporal changes of COVID-19 
pneumonia. Chest CT has a limited value during the first 48 h from symptom onset, as 
up to 56% of patients have no lung abnormalities[54,57]. Within 4 d, pure GGOs 
develop, which may have rounded margins or may outline adjacent secondary 
pulmonary lobules[37]. In the progressive phase of the disease (5-14 d), the GGOs 
become more extensive and may coalesce into multifocal consolidations. Septal 
thickening and crazy-paving are more frequent. Findings reach their peak at day 9-13 
after symptom onset[38,58]. In the late or absorption phase (after day 14), there is a 
gradual clearance of GGOs and consolidations. Signs of fibrosis and parenchymal 
remodeling may develop, which can manifest as parenchymal bands, subpleural lines, 
interlobular septal distortion and traction bronchiectasis[39,59].
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OP has been described as a pattern of response to acute lung injury caused by 
SARS-CoV-2, similar to other viral infections such as SARS-CoV-1, MERS and 
influenza[60,61]. It is histologically characterized by fibrous plugs within the alveoli 
and respiratory bronchioles. The transformation of GGOs into linear consolidations is 
typical for OP (Figure 1). Consolidations can be single or diffuse in a peripheral or 
peribronchial distribution. A reverse halo sign and spontaneous migration of 
infiltrates are commonly seen[62]. Treatment with corticosteroids shows dramatic 
improvement, as evidenced by the decreased mortality rates in COVID-19 patients on 
oxygen or mechanical ventilation (MV) receiving corticosteroids for 10 d in the 
RECOVERY trial[63]. However, this treatment duration may be insufficient, as longer 
duration and higher doses are typically needed for OP[64].

ARDS occurs in 31% of hospitalized patients with COVID-19 pneumonia and is the 
third most common complication following sepsis and respiratory failure[6]. Unlike 
typical ARDS which occurs within 1 wk based on the Berlin definition, ARDS in 
COVID-19 pneumonia develops within 8-15 d of disease onset[6,65]. ARDS is a clinical 
diagnosis encompassing features of non-cardiogenic pulmonary edema, and stems 
from the disordered vasoregulation in the setting of an acute systemic inflammatory 
response. Autopsies of COVID-19 patients revealed diffuse alveolar damage, as well as 
microvascular thrombosis[66]. Although ARDS is a clinical diagnosis, imaging can 
play a supportive role in diagnosis and monitoring of treatment response. In the early 
exudative phase, diffuse ground glass opacities and consolidations develop primarily 
in a posterior/basal distribution (Figure 1B and Figure 2B). Perfusion abnormalities 
may be seen on dual-energy CT as a result of ventilation/perfusion mismatches. In the 
late phase, 2 wk following the symptom onset, fibrotic changes may occur[4].

Patients with critical disease are at increased risk for complications[10]. Secondary 
bacterial or fungal infection occurs in up to 15% of inpatients with COVID-19 
pneumonia and is a major cause of mortality[6]. Moreover, an increased incidence of 
barotrauma events (pneumothorax, pneumomediastinum, pneumopericardium, 
subcutaneous emphysema) has been observed in COVID-19 patients on MV, partic-
ularly in younger age groups (Figure 2). A study showed that 15% ventilated patients 
with COVID-19 experienced one or more barotrauma events and that the rate was 
significantly higher compared to ventilated non-COVID-19 patients. Barotrauma was 
associated with higher mortality rates and longer hospital stay[67].

Both OP and ARDS have the potential to progress into pulmonary fibrosis (Figures 
3 and 4). However, there is a paucity of data with regards to the long-term pulmonary 
sequela of COVID-19 pneumonia. A study prospectively followed 114 patients who 
were admitted for severe COVID-19 pneumonia. Follow-up CT scans after 6 mo 
showed fibrotic changes in 35% of patients. Factors associated with a higher risk of 
fibrosis were older age (> 50 years), longer hospital stay (> 17 d), ARDS, non-invasive 
ventilation, tachycardia on admission and high CT severity scores on the initial CT 
scans[68]. Another study prospectively followed a cohort of 83 patients with no 
pulmonary or cardiovascular comorbidities, who were admitted for severe COVID-19 
pneumonia that was managed without the use of MV. Although there was a temporal 
improvement in pulmonary function tests and imaging findings in most patients, 33% 
had impaired diffusing capacity of the lungs for carbon monoxide (DLCO) and 24% 
had residual lung findings on high-resolution CT 12 mo after discharge, including 
GGOs in 23%, interlobular septal thickening in 5% and reticular opacities in 4% of 
patients. Patients with a longer hospital stay, higher peak CT severity scores and those 
who required high-flow oxygen therapy or non-invasive ventilation were more likely 
to have residual lung abnormalities on follow-up CT[55]. Studies reporting on long-
term outcomes are limited by small sample sizes and lack of histologic correlation. 
Ongoing trials with larger samples and longer follow-up intervals will help elucidate 
the long-term outcomes of COVID-19 pneumonia (NCT04483752, NCT04376840, 
NCT04376840).

Pulmonary embolism: SARS-CoV-2 causes prothrombotic endothelial injury leading 
to thromboembolic phenomena, which are further propagated by hypoxia[10,69]. 
Pulmonary embolism (PE) is seen in 22%-30% of COVID-19 patients who undergo a 
CT pulmonary angiogram (CTPA) (Figure 5), a rate that is markedly higher than 
critically-ill patients without COVID-19[70-72]. In a multicenter study of 1042 COVID-
19 patients, PE was found in 5.6%. PE was diagnosed on the day of admission in 47%, 
and was proximal in 46%, segmental in 41%, and sub-segmental in 14%. Of patients 
with PE, 42% required ICU management and MV, while 20% of PE patients died. 
Patients on MV were at higher risk for developing PE, irrespective of the extent of lung 
abnormalities on chest CT[72]. Other risk factors include severe obesity and African-
American decent [71].



Sideris GA et al. COVID-19 imaging

WJR https://www.wjgnet.com 198 June 28, 2021 Volume 13 Issue 6

Figure 1 Severe coronavirus disease 2019 pneumonia. Portable chest X-ray and axial image from a computed tomography of the chest in a 52-yr-old 
female with a history of morbid obesity who was admitted for acute hypoxic respiratory failure secondary to severe acute respiratory syndrome coronavirus 2. A: 
Chest X-ray shows low lung volumes with diffuse bilateral alveolar and interstitial opacities; B: Chest computed tomography shows diffuse ground glass opacities 
anteriorly, typical of acute lung injury. The peribronchial and perilobular opacities posteriorly are typical of acute lung injury that has entered a healing phase. The 
patient subsequently expired.

Figure 2  Barotrauma. A and B: Coronal (A) and axial (B) images from an unenhanced computed tomography of the chest of a 75-yr-old male with no significant 
past medical history, who was intubated for acute hypoxic respiratory failure secondary to coronavirus disease 2019 pneumonia. There are ground glass opacities 
anteriorly, as well as consolidations with air bronchograms posteriorly, a pattern typical for acute respiratory distress syndrome. There is a massive amount of air 
within the mediastinum resulting from alveolar rupture (Macklin effect). The arrow on image (A) points to interstitial emphysema, surrounding a pulmonary vein. The 
arrow on image (B) points to nonanatomic air within a pulmonary lobule, which may represent the initial barotrauma event. There is extensive soft tissue emphysema 
in the lower neck and lateral chest wall, as well as in the extraperitoneal space of the abdominal cavity. Bilateral thoracostomy tubes and a peripherally-inserted 
central catheter are in place. The patient could not be weaned from ventilation and subsequently expired.

Patients with COVID-19 may have elevated D-dimer levels even in the absence of 
PE, due to the prothrombotic state induced by the virus. Higher D-dimers are 
associated with more severe disease[73]. However, COVID-19 patients with PE have 
significantly higher CRP and D-dimer levels compared to those without PE[71]. A D-
dimer value of 2600 ng/mL has been suggested by some studies as the threshold to 
prompt suspicion for PE[70,72]. The Dutch National institute of Public Health 
recommends routine D-dimer testing on admission and serial testing during hospital 
stay. If initial D-dimers are < 1000 μg/L and a significant increase to > 2000-4000 
occurs, imaging for deep venous thrombosis or PE should be pursued[43].

Apart from the D-dimer trend, other clinical factors that should prompt a CTPA are: 
worsening hypoxia not explained by the extent of lung involvement, hemoptysis, 
tachycardia, deep venous thrombosis, and acute deterioration upon mobilization[56]. 
Presence of kidney disease should not preclude investigation with CTPA, as no 
significant increase in the risk for acute kidney injury (AKI) has been shown in 
patients receiving iodinated contrast compared to controls[74]. Dual-energy CT is 
useful in visualizing perfusion abnormalities, even in the absence of PE. It can 
demonstrate perfusion defects within lung opacities, and halos of increased perfusion 
surrounding consolidations[75], although the significance of these findings has not 
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Figure 3 Pulmonary fibrosis. Axial images from computed tomographies of the chest performed 2 yr apart in an 83-yr-old male with a history of silicosis. A: In 
June 2018, there was mild lung hyperaeration with mild reticulation; B: In August 2020, 4 mo after recovering from coronavirus disease 2019 pneumonia, there is 
extensive fibrosis, with areas of honeycombing, traction bronchiectasis/bronchiolectasis and architectural distortion.

Figure 4 Non-specific interstitial pneumonia. Axial image from a computed tomography of the chest in a 59-yr-old female 6 mo after recovering from acute 
hypoxic respiratory failure secondary to coronavirus disease 2019. Mild fibrosis in a peribronchial distribution and subpleural sparing in the right lower lobe is in 
keeping with mild fibrotic non-specific interstitial pneumonia. There is also a mosaic pattern caused by obstructive small airways disease (confirmed on expiration 
views, not shown), with altered perfusion in the lungs.

been determined. The use of pulmonary scintigraphy has been discouraged[76]. Due 
to the risk of aerosolization with the ventilation component of a V/Q scan, perfusion-
only scans have been performed when clinically mandated since the onset of this 
pandemic, which may lack specificity. Combining Q- SPECT with a low-dose CT has 
been shown to increase the diagnostic performance of the perfusion scan, achieving 
higher accuracy than planar V/Q[77,78]. Optical coherence tomography may provide 
a novel means of assessing for microvascular thrombosis in patients with elevated D-
dimer levels and a negative CTPA (NCT04410549).

CT scanning protocols: There is a paucity of guidance regarding the optimal CT 
techniques and protocols for patients with suspected or proven COVID-19 pneumonia. 
The Fleischner Society guidelines do not provide recommendations regarding 
scanning protocols and the need for dose-reduction.

A single-phase, unenhanced chest CT performed with volumetric acquisitions in 
deep inspiration and a < 3 mm thickness is preferred[79]. Expiratory phase is not 
considered of value as air trapping has not been associated with the acute phase of 
COVID-19 pneumonia[10]. Motion artifacts may be present in patients who are short 
of breath or have cough. Faster scanning by means of faster gantry rotation time and 
higher pitch can prevent suboptimal imaging[80]. High-resolution CT is not required 
unless there is concern for interstitial lung disease; it may, however, play a role on 
follow up to characterize fibrosis.

There is no value in obtaining post-contrast images as the findings of uncomplicated 
COVID-19 are confined to the lung parenchyma. Contrast-enhanced CT is justified 
when assessing for complications (e.g., abscess, necrotizing infection) or other 
diagnoses (such as PE or aortic dissection). If contrast-enhanced imaging is needed, 
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Figure 5 Pulmonary embolism. A-C: Coronal (A) and axial (B and C) images from a computed tomography angiography of the chest in a 53-year-old female 
with a history of chronic lymphocytic leukemia and asthma who was admitted for acute hypoxic respiratory failure secondary to coronavirus disease 2019 pneumonia, 
complicated by pulmonary emboli. A large filling defect is seen in the left pulmonary artery extending into lobar and segmental branches (A and B). Diffuse ground 
glass opacities are noted on the lungs bilaterally (C).

there is no need for pre-contrast imaging[81].
A study collected data of CT acquisition protocols and dosimetry across 54 

healthcare centers worldwide. It demonstrated wide variations in the median 
volumetric CT Dose index (CTDIvol) and in the median dose length product[82]. It 
also showed that 30% of COVID-19 patients underwent 2-8 chest CT examinations 
within one month[82]. Even though the majority of patients affected by COVID-19 
pneumonia are adults and the risk for radiation-induced cancer in this demographic is 
low, there is a tendency to reduce the overall radiation burden. Low-dose protocols 
have been recommended for COVID-19 patients by very few studies, with a diagnostic 
quality comparable to that of standard protocols. A dose reduction of up to 90% has 
been reported, without significant reduction in the signal-to-noise or contrast-to-noise 
ratios[83,84]. Spectral shaping with a tin filter has been applied to reduce radiation 
dose[84]. Low tube voltage (≤ 100 kV) and low tube current are desired for low-dose 
scanning. Automatic tube current modulation technique is preferred as it accounts for 
body habitus. Iterative reconstruction can further reduce radiation dose. A target of 
CTDIvol less than 3 mGy should be selected. A multicenter study revealed that only 1 
out of 28 countries reported a median CTDIvol of less than 3 mGy, indicating that low-
dose imaging has not been broadly adopted yet[82]. Whether the use of low-dose CT 
should be a standard for baseline imaging or for follow-up of COVID-19 cases has yet 
to be determined.

Chest radiography
Chest X-ray (CXR) is the most widely used imaging modality in the workup of 
patients presenting with respiratory symptoms. It is a cost-effective, widely available 
examination that is easy to repeat sequentially to monitor disease progression or to 
evaluate for alternate diagnoses. Portable CXR has been favored as it can be performed 
on the bedside in isolation rooms, minimizing the risk for transmission[32]. However, 
routine daily CXR are not recommended in stable intubated patients according to 
Fleischner Society guidelines[35].
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Chest radiography has low sensitivity in the early stages of the disease, as initial 
imaging can be normal[85]. Diagnostic accuracy increases 6 d after symptom onset
[85]. Sensitivity and specificity of CXR in detecting COVID-19 pneumonia vary greatly 
in the literature, ranging between 57%-89% and 11%-89% respectively and, therefore, 
its real diagnostic performance is unknown[29].

Similar to CT, findings on CXR reflect the various stages of COVID-19 pneumonia. 
The typical findings are multifocal, usually bilateral, GGOs and/or consolidations in a 
peripheral distribution. Lung opacities may coalesce creating a diffuse pattern, 
peaking at 6-12 d from symptom onset. Reticular opacities may be seen accompanying 
the GGO. Pleural effusions, cavitations and pneumothorax are considered atypical for 
COVID-19 pneumonia[4,86,87].

Structured reporting, similar to CO-RADS for CT, has been proposed for chest 
radiography as well[56]. In a mixed cohort of 582 suspected COVID-19 cases, patients 
with “characteristic” or “highly suspicious” features on CXR had an 88% probability of 
having a positive RT-PCR. “Characteristic” pattern included bilateral subpleural 
opacities, relatively symmetrical, involving > 20% of the lung, predominantly in the 
outer 1/3 of the lung parenchyma. Highly suspicious findings included unilateral 
subpleural opacities involving > 20% of the lung, or bilateral large-volume patchy or 
ill-defined opacities[88].

Severity scores quantifying lung opacities on CXR have been used to predict patient 
outcomes and track disease progression. The most widely used scoring system is the 
radiographic assessment of lung edema (RALE) score, whereby each lung is divided in 
upper and lower parts, and each part is graded based on the extent (0 = no 
involvement, 1 ≤ 25%, 2 = 25%-50%, 3 = 50%-75%, 4 ≥ 75%) and density (1 = hazy, 2 = 
moderate, 3 = dense) of opacities. The 2 scores for each segment are multiplied and the 
final scores of all segments are added[89]. A modified version of the RALE score 
assigns a score to each lung as a whole instead of dividing the lung in two segments
[90]. Higher RALE scores in patients with COVID-19 pneumonia have been associated 
with higher probability of ICU admission, MV, and death[85].

US
US of the chest is a widely used modality in the emergency department, ICU or wards 
as it can be performed in a portable manner at the patient’s bedside, limiting the need 
for patient transport. US is used to assess the extent and severity of lung disease, and 
to monitor disease progression and treatment response[91]. Given the predilection of 
COVID-19 pneumonia for the lung periphery, findings are often within the US beam’s 
reach. Deeper lesions, however, cannot be identified as the aerated lung parenchyma 
impedes acoustic waves. Performance of US is also limited in obese patients. A convex 
or linear probe with a bandwidth of 2-6 MHz with the depth set at 15cm and a single 
focal point on the pleural line is used to scan all intercostal areas[92,93]. Pocket-sized 
handheld US probes have also been utilized due to their easier handling, with similar 
results[94].

The reported sensitivity and specificity of lung US in COVID-19 pneumonia ranges 
between 89%-97% and 59%-62%, respectively[95,96]. Studies, however, often exclude 
patients with known heart failure or interstitial lung disease and, therefore, values are 
likely overestimated[93]. Diagnostic performance of US is higher in severe disease[97]. 
It is considered superior to CXR in detecting lung lesions and has a good correlation 
with findings on CT[56,91,98]. The lack of non-ionizing radiation makes lung US a 
favorable imaging modality in pregnant or pediatric patients[32,93]. Its diagnostic 
performance and prognostic value are topics of ongoing research (NCT04353141, 
NCT04513210, NCT04338568).

Specificity of lung US is poor due to overlap with other pathologies. A commonly 
encountered US manifestation are the B-lines, which are vertical echogenic comet-tail 
artifacts originating from the pleura and extending to the bottom of the screen. They 
represent thickened subpleural interlobular septa (e.g., interstitial pneumonia, fibrosis) 
or fluid-filled alveoli (e.g., cardiogenic or non-cardiogenic pulmonary edema)[99]. In 
early mild-moderate disease, discrete scattered B-lines are observed, along with small 
(< 1 cm) consolidations. Consolidations appear as subpleural hypoechoic areas with an 
irregular border (shred sign) and a “white lung” pattern posteriorly. As the disease 
progresses, the B-lines coalesce and become more confluent and multifocal. The 
consolidations increase in size, and the pleural lines becomes irregular and thickened
[93,100]. In critical disease consolidations may assume a tissue-like pattern. During 
recovery, consolidations and B-lines gradually disappear, while normal horizontal 
reverberation artefacts (A-lines) become prominent. Absence of lung sliding indicates 
pneumothorax. Pleural effusions are usually absent. Various scoring systems have 
been suggested to quantitate the severity of findings[91].
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MRI
Though not a first-line modality, MRI of the chest may be considered when exposure 
to ionizing radiation should be avoided, such as in pregnant or pediatric patients, or in 
patients with an increased overall radiation burden due to frequent serial imaging
[101]. T2 sequences that have been used in published studies include: HASTE (half-
fourier acquisition single-shot turbo spin echo), TSE (turbo spin echo), FISP (fast 
imaging with steady-state precession), TIRM (turbo inversion recovery magnitude)
[102]. Lung infiltrates are characterized by increased proton density and therefore 
demonstrate high signal intensity. There is a high concordance with CT in the 
assessment of the typical lung findings (GGOs, consolidations, reticulations)[102]. 
However, due to the lower tissue resolution, more detailed findings such as air-
bronchograms and crazy-paving cannot be readily demonstrated[103]. Chest MRI has 
a limited practical role due to its considerably higher cost and due to various artifacts 
that may limit the diagnostic quality (e.g., cardiac and respiratory motion artifacts, low 
proton density of lung parenchyma, susceptibility artifacts, fast T2* decay)[104]. 
Ultrashort echo-time (UTE) and respiratory-gating have been shown to curb some of 
the limitations[103]. The value of chest MRI will be further elucidated by several 
ongoing trials. (NCT04424355, NCT04369807, NCT04510025).

Positron emission tomography/CT
Positron emission tomography/CT (PET/CT) is a highly sensitive modality that can 
demonstrate metabolically active end-organ damages caused by SARS-CoV-2. It also 
offers a quantifiable assessment of disease progression and treatment response[48]. 
Due to its low specificity, PET/CT has a limited added benefit in the diagnostic 
process and may impose the nuclear medicine personnel at risk of infection due to the 
prolonged acquisition times[104]. Increased activity of pulmonary lesions has been 
shown with multiple radiopharmaceuticals, including 18F-FDG (fluorodeoxyglucose), 18

F-chlorine, 68Ga-PSMA (prostate-specific membrane antigen). The incidental detection 
of hypermetabolic areas in the lungs of asymptomatic SARS-CoV-2-positive patients 
shows the potential of FDG-PET to detect early parenchymal changes and prevent 
disease spread[104]. A systematic review reported a mean SUV of 4.9 ± 2.3 in 
pulmonary lesions on 18F-FDG PET[105]. Increased 18F-FDG uptake in mediastinal and 
hilar lymph nodes has been observed, in the absence of enlargement by CT size criteria
[105]. PET/CT using 18F selectively binding to the ανβ6 integrin binding protein will 
be used in future studies to determine the degree of fibrosis in patients with active or 
resolved COVID-19 pneumonia (NCT04376593, NCT03183570).

EXTRAPULMONARY MANIFESTATIONS
Cardiac manifestations
The vulnerability of cardiac tissue to SARS-CoV-2 has been alarming given the 
potentially dire consequences. SARS-CoV-2 can cause acute cardiac injury via multiple 
mechanisms: direct ACE-2 mediated myocardial cell damage, hypoxic vasocon-
striction-mediated myocardial ischemia and microvascular damage[106]. Cardiac 
complications are seen in 20%-30% of hospitalized patients with COVID-19 and are 
associated with high mortality rates reaching 37%[107,108]. Patients with more 
extensive lung opacities, cardiovascular comorbidities and older age are more prone to 
myocardial injury[107]. Cardiac complications (including myocarditis, arrhythmia, 
cardiomyopathy, cardiogenic shock, and cardiac arrest) account for 7% of deaths in 
COVID-19 patients[109]. Patients who died of COVID-19 had significantly elevated 
levels of high-sensitivity Troponin I[6]. Troponin elevations have been associated with 
elevated C-reactive and pro- B-type natriuretic peptide levels, suggesting an interplay 
between myocardial injury and systemic inflammation[108,110].

Imaging plays a significant role in the early diagnosis of cardiac abnormalities and 
their potential complications. Echocardiography is a first-line modality in the work-up 
of patients with suspected cardiac injury. It is an invaluable bedside tool that can 
reveal structural and functional damage, such as wall-motion abnormalities, chamber 
dilation, valvular disease, pericardial effusion, decreased ejection fraction and cardiac 
thrombi. Right ventricular systolic dysfunction may indicate PE or pulmonary 
hypertension. Transesophageal echocardiography is considered an aerosol-generating 
procedure and therefore should be avoided during the pandemic, unless there is an 
absolute indication such as suspected endocarditis[111].
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Myocarditis is a potentially threatening complication that can present in a wide 
spectrum of ways, ranging from mild disease to fulminant heart failure and 
cardiogenic shock[112]. Although invasive, endomyocardial biopsy is the gold 
standard for the diagnosis of myocarditis and should not be delayed in suspected 
cases. Cardiac MRI (cMRI) is the most sensitive imaging modality in detecting 
myocardial injury. Late gadolinium enhancement (LGE) has high sensitivity in 
detecting areas of myocardial fibrosis or necrosis and can also have prognostic value 
as it is associated with worse outcomes[113]. A typical cMRI protocol includes a short-
axis CINE sequence for size and functional assessment, T1/T2 mapping for edema 
assessment, a delayed post-contrast scan for scar assessment and a T2 sequence. 
Certain modifications have been proposed to abbreviate the CMR protocol and 
decrease acquisition times[114].

Imaging manifestations of myocarditis on cMRI include diffuse myocardial edema, 
pseudo- wall hypertrophy, non-ischemic pattern of LGE, and increased signal on STIR, 
T1 mapping and T2 mapping. Regional or global wall-motion abnormalities may be 
present. cMRI aids in the differentiation from alternate diagnoses, such as myocardial 
infarction (regional wall-motion abnormalities, LGE in sub-endocardial or transmural 
distribution), Takotsubo cardiomyopathy (diffuse wall edema without arterial 
territory distribution, transient apical dyskinesias/akinesis, mild LGE only in areas of 
wall-motion abnormalities) and myocardial infarction with non-obstructive coronary 
arteries (MINOCA) (edema in non-coronary pattern). cMRI is applied by several 
ongoing trials for the evaluation of long-term myocardial damage 1-2 years after 
recovery from COVID-19 (NCT04375748, NCT04625075, NCT04636320, NCT04661657).

Contrast-enhanced cardiac CT (CCT) with electrocardiographic gating is a valuable 
alternative when cMRI is not feasible, with the advantage of shorter scanning times
[115]. Unenhanced, early and delayed post-contrast scans, as well as extracellular 
volume mapping, are required for the diagnosis of myocarditis. CCT can rule out 
coronary artery disease in patients with acute chest pain without ST-elevation, and can 
assess for possible myocarditis, pericarditis, cardiomyopathy or left atrial thrombus
[114].

CXR has low sensitivity and specificity in detecting cardiac injury. It may reveal 
pulmonary edema superimposed on lung opacities, cardiomegaly in the setting of 
cardiomyopathy, and pericardial effusion.

Abdominal manifestations
The abundance of ACE-2 receptors in epithelial cells along the gastrointestinal (GI) 
tract, in cholangiocytes and in the intraabdominal vasculature explains the 
multifaceted abdominal implications of SARS-CoV-2[116,117]. The pooled prevalence 
of symptoms from the GI tract is 15%-18%[118,119]. Most common complaints are 
vague abdominal pain, nausea, vomiting, diarrhea and appetite loss. Abdominal 
complaints may be present even in the absence of pulmonary symptoms and may be 
the sole complaint in 16% of COVID-19 patients[119-121]. The prevalence of GI 
symptoms was 12% in patients with non-severe COVID-19 and 17% in patients with 
severe disease, a difference that was not statistically significant[118]. No increase in 
mortality has been observed in patients with abdominal manifestations[119].

In a study of 1057 patients with COVID-19 and GI complaints, abdominal CTs were 
warranted in just 4%, the majority of which (63%) showed no acute abnormality[120]. 
Bowel wall abnormalities have been observed in 3% of hospitalized patients with 
COVID-19[122]. On contrast-enhanced CT, enterocolitis can manifest as small or large 
bowel wall thickening with mucosal enhancement, fluid-filled bowel lumen and 
mesenteric inflammation[106]. The presence of non-enhancing bowel wall, pneuma-
tosis intestinalis or portal venous gas is suggestive of ischemia and bowel infarction. 
Discontinuity of bowel wall and pneumoperitoneum indicate bowel perforation[106,
123]. The etiology of acute mesenteric ischemia is multifactorial. It may occur as a 
result of hypercoagulability, direct viral-mediated damage on the bowel, and 
hemodynamic compromise due to shock[123]. Patients may present with abdominal 
pain, nausea, vomiting, diarrhea, or more severe symptoms suggestive of sepsis. CT 
angiography is the imaging of choice as it can readily detect filing defects in the 
mesenteric vasculature. However, non-occlusive ischemia may occur secondary to 
systemic vasodilation and intestinal hypoperfusion in the setting of sepsis (Figure 6).

Hepatobiliary manifestations are more common in patients with severe disease 
[119]. Liver function tests may be abnormal in 37% of hospitalized patients and are 
associated with a longer hospital stay[124]. Cholestasis has been observed in up to 54% 
of hospitalized patients with COVID-19[122]. It may manifest as a sludge-filled 
gallbladder and intra- and extrahepatic biliary ductal dilation in the absence of an 
obstructing gallstone or mass. Biliary stasis can predispose to acute cholecystitis. As a 
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Figure 6 Acute ischemic colitis. A and B: Coronal (A) and sagittal (B) reconstructed images from a computed tomography angiogram of the abdomen and 
pelvis in an 80-yr-old male admitted for sepsis and lactic acidosis. There is bowel wall thickening and hypoenhancement involving the descending colon, with 
surrounding inflammatory changes. There is no evidence of pneumatosis coli, pneumoperitoneum or proximal vessel occlusion. Bilateral ground-glass opacities were 
visualized at the lung bases (not shown). The patient was positive for severe acute respiratory syndrome coronavirus 2.

result of the prothrombotic state induced by SARS-CoV-2, hepatic or portal venous 
thrombosis may occur, which can manifest as absent flow on color Doppler or as 
filling defects on contrast-enhanced CT. Pancreatic inflammation has been described in 
patients with COVID-19 and is thought to occur secondary to direct cytotoxicity of the 
virus or systemic inflammatory response[125]. US has low sensitivity for pancreatitis; 
it may, however, demonstrate an enlarged pancreas with decreased echogenicity and 
blurred margins. On CT, the pancreatic parenchyma has an edematous and hypoatten-
uating appearance, with associated peripancreatic fat stranding[106]. Necrotizing 
pancreatitis in the setting of COVID-19 is uncommon[125].

Renal damage occurs via various mechanisms including direct endothelial and 
podocyte injury, glomerular injury by immune complexes, capillary obstruction by 
aggregated erythrocytes, and disruption of the renin-angiotensin-aldosterone system
[126]. AKI is a frequent complication of COVID-19 occurring in up to 37% of hospit-
alized patients[127]. Electrolyte imbalances (primarily hyperkalemia and alkalosis), 
hematuria and proteinuria can be observed even in patients without AKI[116]. On US, 
AKI may manifest as cortical echogenicity and loss of corticomedullary differentiation. 
Focal areas of decreased vascularity on color Doppler indicate renal infarcts. Contrast-
enhanced CT may demonstrate infarcts as wedge-shaped areas of hypoenhancement 
involving both the cortex and medulla as well as renal vascular thrombosis[106]. 
Infarcts, either single or multifocal, can also occur in the spleen secondary to microan-
giopathy, hypercoagulopathy or thromboembolism[128]. The extent to which contrast-
enhanced US can demonstrate microvascular perfusion deficits in patients with 
COVID-19 is under investigation (NCT04640038).

Central nervous system manifestations
The neurotropism of SARS-CoV-2 accounts for some of its potentially fatal sequela, as 
evidenced by the presence of viral RNA in brain tissues of deceased patients[129]. 
SARS-CoV-2 enters the central nervous system (CNS) via the hematogenous or the 
transneuronal route, causing neurological damage via multiple mechanisms. 
Endothelial cell injury can cause disruption of the blood-brain barrier, facilitating the 
penetration of the virus into the CNS as well as the crossing of immune cells and 
cytokines. The direct micro- and macrovascular injury, combined with the 
prothrombotic state, can lead to ischemic phenomena. Moreover, prolonged hypoxia 
and acidosis associated with ARDS can promote cerebral vasodilation and edema[130,
131].

Up to 12% of hospitalized patients with COVID-19 undergo neuroimaging[132]. The 
most common neurological symptoms are: anosmia, ageusia, altered mental status, 
headache, dizziness and focal neurological deficits[116]. Patients with severe disease 
are more likely to develop neurological abnormalities[133]. Among critically-ill 
patients with COVID-19, neurological symptoms were observed upon admission to 
the ICU in 14% and upon weaning from sedation in 67%[134]. Patients with altered 
mentation were more likely to be hypotensive, hypoxic, and have elevated creatinine, 
D-dimers and inflammatory markers, suggesting an interplay between neurological 
damage and multi-system failure[132]. Neuroimaging may be revealing in up to 23% 
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of patients; however, none of the reported abnormalities is specific for COVID-19[135].
Three non-specific imaging patterns of leukoencephalopathy have been observed in 

patients with severe COVID-19[136]. A commonly reported finding pertains to signal 
abnormalities in the mesial temporal lobe seen in up to 43%[136]. These are charac-
terized by hyperintensity on fluid-attenuated inversion-recovery (FLAIR) and 
diffusion-weighted imaging (DWI), which may also be seen in infectious (e.g., herpes 
simplex virus) or autoimmune encephalitis (Figure 7). Another pattern involves 
multifocal supratentorial white matter lesions that are hyperintense on FLAIR and 
DWI and may be seen in 30% of critically ill patients. These may be related to post-
infectious demyelination secondary to the hypoxic-ischemic damage of oligodendro-
cytes. Other potential causes include delayed post-hypoxic leukoencephalopathy, 
metabolic or toxic encephalopathy, and posterior reversible encephalopathy syndrome
[135]. White matter lesions may be associated with microhemorrhages, resembling 
acute disseminated encephalomyelitis or acute hemorrhagic leukoencephalitis[137,
138]. Isolated, yet extensive, microhemorrhages in the subcortical and deep white 
matter may also be seen in 24% of patients, in a pattern similar to diffuse intravascular 
coagulation. This finding has been attributed to hypoxia or small-vessel vasculitis
[137]. The splenium of the corpus callosum is one of the predominantly affected areas
[135]. There are rare reports of acute necrotizing encephalopathy which presents as 
rim-enhancing lesions in the thalami, temporal lobes and subinsular regions[137]. 
Leptomeningeal enhancement suggestive of meningoencephalitis is frequently seen
[138].

Acute ischemic infarcts have been reported in 9% of patients with neurological 
symptoms and in 1% of all hospitalized patients with COVID-19, even in the absence 
of underlying risk factors. Among ICU patients undergoing neuroimaging, acute 
infarcts were identified in 23%[134]. The occurrence of a stroke in COVID-19 patients 
has been associated with a higher mortality rate [132]. An unenhanced CT of the head 
is usually the first-line imaging modality, as it can identify acute infarcts (ischemic, 
embolic or venous), large vessel occlusion, hemorrhagic transformation, and venous 
sinus thrombosis[106]. Abbreviated MRI protocols with DWI, apparent diffusion 
coefficient mapping and T2/FLAIR have been recommended for the definitive 
assessment of infarcts in order to decrease acquisition times[106].

Long-term neurologic morbidity after recovery from SARS-CoV-2 has yet to be 
determined. Several ongoing trials will examine the presence of structural and 
cognitive impairment in patients who suffered from acute neurological damage 
related to COVID-19 infection (NCT04564287, NCT04476589).

Peripheral nervous system and ocular manifestations
Rare cases of acute polyneuropathy in the spectrum of Guillain-Barré syndrome (GBS) 
have been reported as a result of SARS-CoV-2 infection. Symptoms reportedly occur 
within 8-24 d after the onset of respiratory symptoms[139]. The most frequently 
reported manifestation is the classic form of GBS (acute inflammatory demyelinating 
polyradiculoneuropathy) which is characterized by ascending sensorimotor deficits, 
with varying degrees of facial nerve involvement, dysphagia and dysautonomia. 
Other less common variants include the Miller Fisher syndrome (characterized by 
opthalmoplegia, ataxia, areflexia), pure motor or pure sensory variants, bilateral facial 
palsies, the pharyngeal-cervical-brachial motor variant, and others[140]. MRI can 
reveal thickening of the affected nerve roots and avid contrast enhancement of the 
conus medullaris and cauda equina, with preferential enhancement of the ventral 
nerve roots[141]. The fact that viral RNA has not been identified on cerebrospinal fluid 
analysis in affected patients suggests that injury occurs via an immune-mediated 
mechanism, such as molecular mimicry or antibody precipitation, rather than by direct 
viral insult[142]. A similar mechanism has been proposed for rare cases of new-onset 
myasthenia gravis developing in the setting of COVID-19[143].

Patients with severe disease and a prolonged stay in the ICU are at risk for critical 
illness polyradiculopathy and myopathy, which is characterized by degeneration of 
sensory and motor axons. The pathophysiology for this disease has not been 
elucidated yet, but it is thought to involve microvascular alterations, metabolic 
abnormalities, ion-channel dysfunction[144]. It may lead to ventilator dependence and 
chronic disability, which are associated with high morbidity rates[145]. Positioning 
maneuvers in the ICU may also affect the peripheral nerves by causing compression or 
entrapment[140].

Cranial nerves can also be affected by the immune dysregulation propagated by the 
viral infection. Anosmia and ageusia occur in up to 88% of patients, even in the 
absence of upper or lower respiratory symptoms[146]. SARS-CoV-2 causes a direct 
viral insult to the nasoepithelial cells by directly attaching to olfactory and gustatory 
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Figure 7 Encephalopathy. A-F: Axial DWI (A, C and E) and FLAIR (B, D and F) sequences from a brain MRI in a 49-year-old - male who was admitted for acute 
hypoxic respiratory failure secondary to severe acute respiratory syndrome coronavirus 2. A brain MRI was ordered 3d after presentation for progressive lethargy. 
There were multifocal symmetric areas of restricted diffusion and T2/FLAIR prolongation in bilateral mesial temporal lobes (A and B), insular cortex (C and D), and 
cingulate cortex (E and F). Cerebrospinal fluid analysis was negative. The patient’s mental status gradually returned to baseline after medical management. Findings 
were attributed to COVID-19 – related encephalopathy.

receptors, potentially creating a route for retrograde entry into the CNS. Olfactory cleft 
widening and FLAIR hyperintensities in bilateral olfactory bulbs have been observed, 
which resolved after recovery of the acute illness[147,148]. Other cranial neuropathies, 
either single or multiple, have also been reported, which manifest on MRI with signal 
hyperintensity on T2 and enhancement on post-contrast images[140,149].

As a mucosal surface, the conjunctiva can be exposed to respiratory droplets and act 
as a potential port of entry for SARS-CoV-2. Ocular manifestations occur in up to 7% of 
COVID-19 patients, with conjunctivitis being the most prevalent[150]. Less frequently, 
retinal abnormalities may occur as a result of the microangiopathic damage caused by 
the virus, which can lead to ischemia[151]. Conditions related to ICU stay (including 
sedation, MV, neuromuscular blockade and prone positioning) may potentiate 
keratopathy, acute angle-closure, ischemic optic neuropathy and retinal vascular 
occlusion[152,153]. A study revealed the incidental presence of nodules on the 
posterior pole of the globes in patients with severe COVID-19 undergoing brain MRI 
for altered mental status. The nodules were located in bilateral macular regions, were 
T2/FLAIR hyperintense, non-enhancing and showed no susceptibility artifacts. No 
correlate was identified on fundoscopy or optical coherence tomography. The nature 
of these nodules remains unclear[154].

Musculoskeletal and cutaneous manifestations
Myalgia is a fairly common constitutional symptom that is present in up to 44% of 
SARS-CoV-2-infected patients upon presentation[155]. It stems from intramuscular 
inflammation and is typically self-limiting. More severe viral myositis manifesting 
with pain, tenderness, weakness and elevated creatine kinase may occur in a small 
percentage of patients. Rhabdomyolysis is a potentially life-threatening complication 
caused by the breakdown of muscular tissue, which may lead to AKI, compartment 
syndrome or superimposed infection[141].



Sideris GA et al. COVID-19 imaging

WJR https://www.wjgnet.com 207 June 28, 2021 Volume 13 Issue 6

Damaged muscles appear enlarged and hypoattenuating on CT. Rim-enhancement 
may be seen, although intravenous contrast is avoided. Intramuscular calcifications 
may be seen in the subacute and chronic phase. MRI is the preferred imaging modality 
as it can distinguish two different types of rhabdomyolysis based on the presence or 
absence of myonecrosis. In type 1, there is homogeneously increased signal intensity 
on T2/STIR representing edema, as well as homogeneous hyperenhancement. 
Increased T1 signal indicates the presence of methemoglobin. In chronic rhabdomy-
olysis, focal T1 hyperintensity or blooming artifact on susceptibility weighted imaging 
may be present indicating hemosiderin deposition. In type 2, there is heterogeneously 
increased signal intensity on T2/STIR, as well as non-enhancing necrotic areas. Rim 
enhancement may be present in subacute myonecrosis and should not be mistaken for 
an abscess[106,141,156].

Viral arthritis presents with acute arthralgia that is self-limiting and responds to 
non-steroidal anti-inflammatory medications. Other causes of arthritis, such as reactive 
or crystalline arthritis, should be considered in the differential as they may present 
with similar symptoms. Rare cases of acute exacerbations of chronic rheumatologic 
diseases (such as systemic lupus erythematosus and rheumatoid arthritis) have been 
reported. MRI may demonstrate thickened and hyperenhancing synovium, as well as 
features specific for the underlying autoimmune process[141].

Skin involvement has been reported in up to 8% of patients with SARS-CoV-2[157]. 
Microthrombi, small-vessel vasculitis, immune response and drug reaction (secondary 
to remdesivir, toclizumab, hydroxychloroquine, etc.) are some of the suspected 
mechanisms of injury[116]. The most common manifestation is an acrocutaneous 
lesion similar to chilblain or frostbite. Other possible phenotypes include: uriticarial 
rash, maculopapular rash, papulovesicular rash, livedo reticularis and purpuric rash
[158]. Dry gangrene has been reported in severe cases, likely exacerbated by pressors 
and coagulopathy in vulnerable patients with diabetes mellitus or peripheral arterial 
disease. Imaging may reveal skin ulcerations, high signal intensity on T2 and lack of 
enhancement[106]. Acute soft tissue hematomas may develop secondary to disordered 
coagulation. They appear as heterogeneous hypoechoic collections on US, and, if large, 
they may cause compartment syndrome and compressive neuropathy[141].

PEDIATRIC MANIFESTATIONS
There is evidence that children of all ages are susceptible to SARS-CoV-2[159]. 
Pediatric patients are more likely to have a milder disease course or to be 
asymptomatic carriers compared to adults, likely due to immature immune response 
and ACE-2 receptors[5,160,161]. Fever and cough are the most common complaints in 
symptomatic children[162].

There is no indication for routine chest imaging in children with suspected COVID-
19 infection, due to the high rate of false negative examinations[162]. If imaging is 
clinically warranted, chest radiography is the first-line modality. CT should be 
reserved for more complex cases, suspected complications or to rule out alternative 
diagnoses, particularly in children with underlying medical conditions[163]. No 
imaging differences have been demonstrated among age groups[161]. Bilateral GGOs, 
pure or mixed with consolidations, in a peripheral/subpleural distribution are the 
predominant findings on chest imaging in the pediatric population[164,165]. Crazy-
paving pattern and halo signs are also observed indicating a common response to 
acute lung injury[166]. Airway inflammation, as evidenced by peribronchial 
thickening has been very frequently observed in pediatric patients[164]. Pleural 
effusion and lymphadenopathy are atypical. PE is significantly less prevalent than in 
the adult population. Lung US is being increasingly applied due to the lack of ionizing 
radiation and higher sensitivity compared to CXR[167,168].

Although the risk of severe illness is significantly lower than in adults, critical cases 
have been observed in the pediatric population, particularly in patients with 
underlying medical conditions[160,169]. The multisystem inflammatory syndrome in 
children (MIS-C) is a worrisome late complication that presents with multiorgan 
damage in children previously exposed to COVID-19. Its distinction from Kawasaki 
disease and toxic shock syndrome can be challenging. MIS-C is diagnosed based on 
clinical and laboratory criteria, such as those established by the WHO. These include: 
fever, rash, conjunctivitis, shock, end-organ damage (e.g., respiratory, cardiac, renal, 
neurological or GI), coagulopathy, elevated inflammatory markers, laboratory 
evidence of recent SARS-CoV-2 infection or contact with a known case, and absence of 
an alternative diagnosis[170]. Patients typically present with fever, rash, conjunctivitis, 
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vomiting, diarrhea, abdominal pain mimicking appendicitis. Shock may be present on 
admission in 60% of patients[171]. Although 71% of children may require management 
in the ICU, mortality rates are relatively low (1.7%)[172].

In patients with MIS-C, chest imaging may reveal bilateral airspace opacities, 
peribronchial thickening, interstitial thickening, cardiomegaly, pulmonary edema and 
pleural effusions. 46% of patients may have normal CXRs. CCT may demonstrate 
myocarditis, pericarditis and coronary aneurysms. Bowel wall thickening involving 
the terminal ileum or the cecum accompanied by mesenteric inflammation is present 
in 23% of patients (Figure 8). These findings most likely represent bowel ischemia 
secondary to small vessel vasculitis or shock. Other findings on abdominal imaging 
include small-volume ascites, lymphadenopathy, periportal and pericholecystic edema 
and a normal appendix[171,173]. Although most patients recover after the acute phase 
with medical management, the long-term morbidity remains unclear. Future studies 
will attempt to identify the potential long-term complications by prospectively 
following patients for 2-5 yearsafter recovery from MIS-C (NCT04455347, NCT-
04757831).

INFECTION CONTROL IN RADIOLOGY DEPARTMENTS
Since the onset of the pandemic, drastic measures have been implemented by 
radiology departments in order to curb the transmission of SARS-CoV-2 within the 
hospital. As an initial step, the radiology staff underwent training by a team of 
infection control specialists regarding the safe handling of patients, use of PPE and 
disinfection of imaging devices[174]. The dramatic drop in case load as a result of the 
suspension of all non-urgent imaging examinations in the initial surge of the pandemic 
allowed for radiology departments to function with limited staff capacities. Division of 
staff into groups alternating between 2 wk of self-quarantine and 2 wk of on-site work 
was widely implemented. Remote working of radiologists was also encouraged[175].

Given the long processing times of RT-PCR, triaging of patients in the emergency 
department based on typical clinical symptoms and known exposure to SARS-CoV-2 
was essential in order to provide timely isolation and implement appropriate 
protective measures. Temperature measurement was not a reliable triaging method as 
patients may be afebrile in the early phase of the disease[174]. Patients were classified 
into 3 categories: confirmed and highly suspected cases, suspected cases, and 
confirmed negative cases. Dedicated imaging rooms, waiting areas and routes of 
transportation were designated for suspected or confirmed cases. Different levels of 
PPE and disinfection were applied after interaction with each patient category[176]. 
The use of portable imaging equipment (for radiography or US) has been preferred as 
it can be brought to the patient’s bedside and can be more easily disinfected[177]. 
Scanning protocols were abbreviated so that the clinical question can be addressed 
while limiting the duration of the scan and the contact between staff and patients.

CANCER SCREENING DELAYS
Soon after the onset of the pandemic, multiple medical societies (including the 
American Cancer Society, the American Society of Breast Surgeons, the ACR and the 
American College of Chest Physicians) released statements suggesting the suspension 
of all non-urgent cancer screening studies in order to mitigate the spread of SARS-
CoV-2[178-180].

Between March and May 2020, a 39%-85% decrease in mammograms and a 52% 
decline in novel breast cancer diagnoses were observed in the United States compared 
to the previous year[16,181]. Similar rates were reported in other countries[182,183]. 
Given that breast cancer screening can reduce mortality by 40% in females aged 50-69, 
cancer upstaging due to missed screening appointments could be a serious threat
[184]. It is estimated that deaths from breast cancer could increase by up to 10% within 
the next 5 years[185]. Low-dose CT examinations for lung cancer screening dropped 
by 72%-78% between March and May 2020[186]. The mortality rate of lung 
malignancies is projected to increase by up to 5% in the next 5 years[185]. Hepato-
cellular carcinoma (HCC) surveillance in at-risk individuals by abdominal US, CT or 
MRI scans demonstrated a declining trend across two centers in the United States and 
Singapore[187]. Guidelines that were published during the early phase of the 
pandemic recommended that HCC screening should be limited to high-risk patients
[188]. A marked drop was also observed in colorectal cancer screening tests[189]. It 
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Figure 8 Terminal ileitis in the setting of multisystem inflammatory syndrome in a child. Axial images of a contrast-enhanced computed 
tomography of the abdomen and pelvis in a 13-yr-old female who presented with a 4d history of abdominal pain. A: There is wall thickening in the terminal ileum with 
adjacent fat stranding; B: Multiple reactive lymph nodes are seen in the right lower quadrant. Clinical and laboratory findings met criteria for multisystem inflammatory 
syndrome in children. Of note, the patient had tested positive for severe acute respiratory syndrome coronavirus-2 4 wk prior to presentation. The patient recovered 
after medical treatment including intravenous immunoglobulin, prednisone and dopamine.

was suggested that CT colonography could be a substitute for colonoscopy during the 
early phase of the pandemic due to its shorter in-hospital stay, limited patient contact 
and lower risk of complications[190].

As a result of the universal cancer screening interruptions, a large backlog of 
cancelled appointments emerged. As the first pandemic wave subsided, healthcare 
institutions implemented a phased reopening, prioritizing patients with acute 
complaints suspicious for disease progression, those with newly diagnosed cancer and 
those undergoing treatment[191]. Despite the fact that hospitals returned to their pre-
pandemic capacity, patients were reluctant to reschedule their appointments due to 
fear of exposure within the hospital or due to lack of health insurance and unemploy-
ment[192]. Outreach programs have made significant efforts to address patients’ 
concerns and to facilitate their access to screening facilities, aspiring to limit the long-
term repercussions of these unprecedented screening delays[193].

The emergency authorization of vaccines against SARS-CoV-2 in late 2020 initiated 
a widescale vaccination program, prioritizing the vulnerable populations and the 
healthcare workers. As of June 4, 2021, 447.9 million people have fully vaccinated and 
424 million people have been partially vaccinated globally[194]. Vaccine-induced 
axillary lymphadenopathy following COVID-19 vaccination has been reported by 
multiple studies and is thought to occur at a higher rate compared to other vaccines 
such as the influenza vaccine[195]. The presence of post-vaccine axillary lymphaden-
opathy on imaging studies may lead to false-positive results and may provoke 
unnecessary anxiety especially in patients undergoing cancer screening or surveillance
[196,197].

To address the issue, radiological societies have released statements regarding 
cancer screening. The Radiology scientific expert panel recommends that routine 
screening imaging studies be scheduled at least 6 wk after the final dose of the vaccine. 
In patients with cancer history, the vaccine should be administered on the contralateral 
side of the primary or suspected cancer or in the thigh[198]. If axillary adenopathy is 
present on a low-dose CT for lung cancer screening, the “S” modifier should be added 
on the Lung-RADS reporting system and no further imaging should be pursued[199]. 
Based on the Society of Breast Imaging, the presence of unilateral axillary lymphaden-
opathy should warrant a BI-RADS 0 and prompt further assessment and documen-
tation of the patient’s vaccination history. In women with a recent (4-wk) history of 
vaccination, short-term follow-up 4-12 wk after their final vaccine dose is recom-
mended (BI-RADS 3). Persistence of adenopathy is considered suspicious (BI-RADS 4) 
and should warrant a biopsy[200]. A less conservative approach has also been 
proposed, whereby the isolated presence of axillary adenopathy on mammography or 
breast MRI in the setting of recent ipsilateral COVID-19 vaccination is considered 
benign (BI-RADS 2) and warrants clinical follow-up. If concern persists 6 wk after the 
final vaccination dose, an axillary ultrasound is recommended[201].
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THE PROMISE OF AI
AI using deep learning technology has shown great promise in radiology in the recent 
years. By extracting pixel-based information from medical images, deep convolutional 
neural networks (CNNs) can aid in diagnosis and provide valuable prognostic 
estimations. Undoubtedly, the global outbreak of SARS-CoV-2 has created new 
opportunities for AI both in radiology and patient management. The non-specific 
clinical presentation and imaging findings of COVID-19 infection and the long 
processing times of RT-PCR may cause delays in diagnosis, isolation and treatment. 
The use of deep learning models has the potential to facilitate patient triaging, aid in 
decision-making, and improve outcomes.

The creation of a CNN-based model has various phases, including an initial training 
phase where it is exposed to a large pool of images for each specific category that it 
will learn to differentiate. Its performance is subsequently validated on test sets with 
randomly assigned images. CV19-Net is a CNN designed to perform a binary 
diagnosis (COVID-19 pneumonia vs non-COVID-19 pneumonia) on CXRs. The 
algorithm achieved an area under the curve (AUC) of 0.94, which was significantly 
higher than the AUC of 0.85 achieved by radiologists[202]. Similarly, DeepCOVID-XR 
presented an 82% accuracy in distinguishing positive from negative patients for 
COVID-19 pneumonia on CXRs[203]. Another binary model (DensNet201) was able to 
differentiate COVID-19 pneumonia from normal with 97% accuracy[204]. CNNs that 
provide a three-scale classification have also been created. COVID-Net was designed 
to differentiate COVID-19 pneumonia from both normal and non-COVID-19 
pneumonia on CXRs, achieving a 93% accuracy and 91% sensitivity in COVID-19 
diagnosis[205]. Another deep learning model trained at performing three-scale classi-
fications of chest CTs accomplished high sensitivity and specificity for COVID-19 
pneumonia with an AUC of 0.96[206]. Models may also enhance the performance of 
radiologists. When radiologists were provided with an AI-based prediction while 
reviewing images, their accuracy was significantly higher than in the absence of the 
AI-derived information[207].

With the help of radiomics, imaging features can evolve into quantifiable bio-
markers that can provide a measurement of the disease severity and predict its 
progression[208]. A model performing automated volumetric quantification of lung 
opacities while integrating clinical and laboratory data, showed potential in stratifying 
patients based on disease severity and distinguishing those that may require MV[209]. 
In a study comparing radiomic features to clinical markers in terms of their predictive 
value, CT radiomic features showed a greater accuracy in predicting the progression of 
lung opacities in COVID-19 pneumonia. The value of radiomic data was enhanced 
when combined with clinical features and laboratory markers[210]. Fusion models that 
involve both imaging and clinical features can play a crucial role in patient 
management and prognostication. However, their application has not been 
widespread so far. Multiple ongoing trials will attempt to identify CT biomarkers that 
can predict the clinical course of patients with COVID-19 (NCT04377685, NCT-
04481620, NCT04418245). The free online database of thoracic CT images of COVID-19 
positive patients from international sites made available by RSNA provides a platform 
for further studies to develop more generalizable and valuable algorithms[211].

Despite the promising role of AI, there are certain limitations that need to be 
considered. The extraordinary interest of the scientific community in COVID-19 has 
led to the rapid development of numerous AI-based models that were created and 
validated in a setting of high disease prevalence with data from a small number of 
institutions, introducing a selection bias and limiting the model’s generalizability
[212]. Moreover, the performance of CNNs has been shown to degrade over time and, 
therefore, retraining is essential to maintain their diagnostic performance in the long-
term. Although certain institutions have already applied AI-assisted technologies in 
daily clinical practice, the field remains largely unregulated and, therefore, several 
serious concerns persist. Transferring and analyzing large volumes of data poses a 
threat to patient privacy in the event of a data breach[213,214]. In malpractice cases 
where AI-technologies are involved, it not clear which party bears the responsibility 
and to what extent[215,216]. Finally, making medical decisions solely based on deep 
learning algorithms without human consultation may lead to ethical pitfalls and 
accentuate healthcare disparities among various ethnic groups and minorities[213,
216].
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CONCLUSION
Over the past year, our knowledge regarding COVID-19 has dramatically increased. 
There is now much better understanding of the mechanisms of injury, imaging 
manifestations, and best available treatments. Future studies with larger samples and 
longer follow-up intervals are needed to elucidate the long-term complications of 
SARS-CoV-2 infection. Whether deep learning algorithms can replace traditional 
diagnostic pathways or can generate useful prognostic information remains under 
investigation. Although most radiology departments have already been functioning at 
their pre-pandemic capacity since the first surge of the pandemic subsided, 
preparedness for future waves of this pandemic and for future pandemics is essential.
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Abstract
Multiple myeloma (MM) is the second most common type of hematological 
disease with its incidence rising in the elderly. In MM, the extent of the bone 
disease increases both morbidity and mortality. The detection of lytic bone lesions 
on imaging, especially computerized tomography (CT) and magnetic resonance 
imaging (MRI) is crucial to separate asymptomatic from symptomatic MM 
patients even when no clinical symptoms are present. Although radiology is 
essential in the staging and management of patients with MM there is still high 
variability in the choice between MRI and CT. In addition, there is still suboptimal 
agreement among readers. The potential of medical imaging in MM is largely 
under-evaluated: artificial intelligence, radiomics and new quantitative methods 
to report CT and MRI will improve imaging usage.
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Core Tip: Introduction of new quantitative scores and biomarkers to predict multiple 
myeloma (MM) prognosis, possibly outperforming current staging methods to create 
new reliable standards for disease prediction and monitoring is an opportunity for 
further research in MM imaging.
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INTRODUCTION
Multiple myeloma belongs to the so-called plasma cell dyscrasias which are patholo-
gical conditions including monoclonal gammopathy of undetermined significance 
(MGUS), smoldering multiple myeloma (SMM), and full-blown multiple myeloma 
(MM)[1]. Epidemiological studies show that, on the one hand, around 5% population 
over 70 is MGUS carriers and around 1% of them will turn into MM every year. On the 
other hand, around 10% SMM population evolves into full-blown MM[1]. Finally, the 
early MM mortality, i.e. the number of MM patients that dye within the first year after 
diagnosis, is nowadays around 28%, with a peak of 35% among older patients[1]. The 
single or, more frequently, multiple bone lesions are biologically determined by the 
proliferation of abnormal cells from a single clone and the excessive and unbalanced 
activation of osteoclasts eroding the bone starting from the medulla and then reaching 
the cortical bone and even the extra-osseous soft-tissues. However, MM has a hetero-
genous genetic architecture which is evident among different patients with the same 
disease. Genetic heterogenicity is evident also in the same patient where different focal 
bone lesions may have different genetic patterns[2-4]. MM patients are classically 
described and defined by the CRAB-criteria (Calcium elevation, Renal insufficiency, 
Anemia, Bone lesion), indeed symptoms of MM patients vary from bone pain or 
pathological fractures over renal failure and anemia to calcium elevation and even 
immune deficiency. It is not known why up to 20% of patients with SMM become 
symptomatic within 2 years, while one third does not progress to MM within a decade
[5], therefore there are several unmet research questions that need to be addressed. In 
MM patients, having a single focal lesion > 5 mm in diameter identified by mean of 
computed tomography (CT) or magnetic resonance imaging (MRI) is currently used to 
identify high-risk SMM patients to upstage them to MM according to the International 
myeloma working group updated criteria for the diagnosis of multiple myeloma[6]. 
Therefore, detection of lytic bone lesions on imaging has been recognized crucial since 
2003 when the international myeloma working group replaced the classical Durie-
Salmon staging system with a more complex and complete revised version called 
Durie-Salmon plus system. This latter system replaced radiography for identifying 
bone involvement with the increased sensitivity of MRI, CT or Positron emission 
tomography (PET)[7]. Therefore, the detection of lytic bone lesions on imaging, 
especially CT and MRI, is becoming crucial from the clinical viewpoint to separate 
asymptomatic from symptomatic MM patients. According to Rajkumar et al[8] bone 
imaging in MM is relevant for diagnosis because osteolytic lesion detection justifies the 
beginning of a treatment. Medical imaging is required for several reasons: (1) Lo-
calization of bone pain; (2) Prevention of complications such as pathologic fractures on 
long bones (i.e. femur) and vertebral pathological fractures; (3) Identification of focal 
lesions with high risk of progression; (4) To identify sites of extra-medullary disease; 
and (5) Identification of sites at potential risk of neurologic complications (Figure 1). In 
spite of the pivotal role of medical imaging in MM patient care, there is still consid-
erable heterogeneity in clinical practice regarding imaging usage in MM, essentially 
due to the high variability in the choice between various imaging methods and the 
high variability in image interpretation[9,10]. In this editorial, the unmet research 
questions in the usage of imaging in MM are reported and possible future directions 
are discussed.

POTENTIAL OF MEDICAL IMAGING IN MM
Firstly, it must be underlined that the detection of lytic bone lesions with a diameter > 
5 mm can be done with both CT and MRI and no study directly compared the two 
modalities regarding patients’ outcomes after CT or MRI. At least in theory, MRI could 
have some advantages, such as the possibility to introduce functional sequences such 
as diffusion weighted sequences, but, no clear advantage of one technique over 
another has been found, even when a systematic review approach was adopted[11,
12]. Regelink et al[12] found that there was only few additional lesions detected by 
both PET and MRI if CT was used as reference test (detection rate 1.00 and 1.00-1.25 
respectively). In addition, the review by Regelink et al[12] review was limited by the 
suboptimal methodological quality of the involved studies due to lack of a technical 
details. It could be suggested that both MRI and CT have equal diagnostic value and 
there is no clear advantage to prefer one of the two techniques (Table 1). The scientific 
community is waiting for thorough comparative future studies, possibly focusing on 
prognostic value and follow-up. Furthermore, an analysis of multiple bone lesions 
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Table 1 Specific advantages and disadvantages or computed tomography and magnetic resonance imaging in multiple myeloma

Availability Reader 
expertise

Radiation 
dose

Repeatability 
among different 
readers

Repeatability 
among different 
scanners

Availability of 
reporting 
guidelines

Ability to 
detect > 5 mm 
focal lesions

Exam 
duration

CT High Medium Similar to 
total body CT

High Medium Low High Less than 
10 min

MRI Medium Low None Medium Medium Low High More than 
30 min

CT: Computed tomography; MRI: Magnetic resonance imaging.

Figure 1 Computed tomography and magnetic resonance imaging of the same lytic lesion located into the vertebral body acquired in the 
same week for different reasons. No major differences in detection capabilities are evident.

detected on CT and MRI could be performed using artificial intelligence and radiomics
[13]. Up-to-date, radiomics[14] is a quantitative radiological promising technique, with 
the ultimate goal to improve cancer treatment by improving prognostic capabilities of 
medical imaging. Radiomics is a complex, quantitative feature-based tool for image 
analysis described as the conversion of images to higher dimensional data and the 
subsequent mining of these data for improved decision support[14]. In MM, a recent 
application of radiomics improved the radiological evaluation of focal and diffuse 
pattern on CT by increasing the area under the curve of radiologists[15]. Accuracy of 
radiologists compared to the reference standard was lower (64%) than the accuracy 
using a radiomics approach (79%)[15]. In addition, machine learning-based classifiers 
resulted a satisfactory in differentiating MM lesions from those of tumor metastasis of 
the spine evaluated on MRI[16]. Radiomics was also on PET/CT in MM to elaborate a 
prognosis model predicting outcome in transplant-eligible newly diagnosed patients
[17]. Finally, radiomics has been used with MRI to correlate features with the clinical 
and hematological response in multiple myeloma patients undergoing systemic 
treatment. In detail, one textural feature (GLSZM large area low gray level emphasis), 
in the study by Ekert et al[18] resulted to be correlated also with the bioptic degree of 
bone marrow infiltration.

CONCLUSION
Introduction of new quantitative scores and biomarkers to refine diagnosis, to predict 
MM prognosis, possibly outperforming current staging methods to create new reliable 
standards for disease prediction and monitoring is an opportunity for further research 
in MM imaging.
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Abstract
Initially thought of as a respiratory infection, coronavirus disease-2019 (COVID-
19) is now recognized as a complex disease with a wide clinical spectrum, 
including digestive involvement. While several studies have evaluated chest 
imaging findings in COVID-19, few papers have looked at the abdominal imaging 
features of these patients. Liver, biliary, pancreas and bowel involvement have 
been reported in COVID-19 infected patients. In this review, we aim to summarize 
currently available data related to abdominal imaging techniques in COVID-19, in 
accordance with relevant clinical and laboratory workup of these patients. 
Underlying mechanisms, indications and imaging findings related to COVID-19 
are discussed based on published data. Also, practice points for clinicians are 
highlighted in order to adequately recognize digestive-related injuries of severe 
acute respiratory syndrome coronavirus 2 infection. While there’s been a steady 
accumulation of data with respect to abdominal imaging findings in COVID-19, 
currently available recommendations are based on limited research. There is a 
wide spectrum of abdominal imaging findings in COVID-19, which includes 
hepato-biliary, pancreatic and luminal pathology.
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(COVID-19) is now widely recognized as a complex disease with systemic features. 
Gastrointestinal manifestations have been reported with high prevalence in severe 
acute respiratory syndrome coronavirus 2 infected patients, including gut, pancreas, 
liver and biliary dysfunction. In this review we summarize and analyze currently 
available evidence on abdominal imaging techniques, indications and findings in 
COVID-19, in accordance with relevant clinical and laboratory workup of these 
patients.
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INTRODUCTION
In late December 2019, a cluster of pneumonia cases of unknown origin was reported 
in Wuhan, Hubei province, China. The causative agent was identified as a novel 
coronavirus, linked to the severe acute respiratory syndrome (SARS). The virus was 
named SARS coronavirus 2 (SARS-CoV-2) and the related disease coronavirus disease-
2019 (COVID-19). The novel coronavirus rapidly spread worldwide, and since March 
11th 2020, the date on which COVID-19 was declared a pandemic[1], over 150 million 
cases and 3.2 million COVID-19 associated deaths have been reported[2].

Initially being thought of as a respiratory infection, COVID-19 is now recognized as 
a complex disease with a wide spectrum of presentations, from viral pneumonia and 
flu-like symptoms to acute hepatitis and Kawasaki-like disease[3,4]. The systemic 
nature of COVID-19 is related to the interaction of SARS-CoV-2 with the human body, 
mediated by angiotensin converting enzyme 2 (ACE2) expressed on cell surfaces[5]. 
ACE2 is most abundant in alveolar epithelium, but is also found in large amounts in 
enterocytes, vascular endothelium, liver and biliary epithelium[6]. Binding of SARS-
CoV-2 at these susceptible extrapulmonary sites can generate symptoms directly 
related to the infected organ. Moreover, several reports have identified SARS-CoV-2 to 
be present in stool samples of infected patients[7-9], and there have been proposals to 
use anal swabs for SARS-CoV-2 detection and follow-up of infected individuals[10].

With regard to involvement of the gastrointestinal tract, several studies have shown 
high prevalence of digestive symptoms in COVID-19[7,11,12]. This was explained by 
the high density of ACE2 receptor (the cell entry point for SARS-CoV-2) in the small 
bowel and pancreas, but also as a side effect of COVID-19 related therapy and 
secondary to systemic inflammation and ischemia[13]. Not least, laboratory changes 
reflecting on gut or hepato-bilio-pancreatic pathology have been reported in COVID-
19. In this setting, abdominal imaging has been used to define the cause of symptoms 
and laboratory abnormalities in these patients.

While an abundance of papers has described chest imaging findings in COVID-19, 
few articles have focused on abdominal imaging features of these patients. In this 
review we aim to summarize and analyze current evidence on abdominal imaging 
techniques, indications and findings in COVID-19, in accordance with relevant clinical 
and laboratory workup of these patients.

ABDOMINAL IMAGING
Abdominal imaging reported in COVID-19 patients include abdominal ultrasound 
and cross-sectional imaging techniques such as computed tomography (CT) and 
magnetic resonance imaging (MRI). A literature search on the topic also revealed 
isolated reports of plain abdominal X-ray, endoscopy or positron emission 
tomography CT (PET-CT) findings in COVID-19 patients.

Ultrasound
Abdominal ultrasound is being routinely used in patients with abdominal complaints. 
With regard to COVID-19, ultrasound (US) has been mostly indicated to evaluate for 
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abdominal pain and abnormal liver function tests. While sometimes the abdominal 
pain does not reflect digestive pathology and is probably referred pain as the one seen 
in basilar pneumonias, the prevalence of transaminitis in COVID-19 has been 
estimated at 15%[14]. Sonographic examination has been also ordered for abdominal 
distention, suspected sepsis, increase in renal function tests or drop in hemoglobin
[15]. Abdominal sonographic scanning also includes evaluation of hydration status by 
assessment of the inferior vena cava, presence of ascites (also pericardial or pleural 
effusions) or hydronephrosis[16].

In the study by Abdelmohsen et al[15] which aimed to characterize the sonographic 
abdominal imaging findings in COVID-19 intensive care patients, the most frequent 
sonographic finding was hepatomegaly (56.09%), followed by biliary system disease 
(41.4%) consisting of gallbladder wall thickening, mural hyperemia, intraluminal mud 
and pericholecystic fluid. Results are similar to those reported by Bhayana et al[17], 
with gallbladder sludge and distention being seen in 54% of right upper quadrant 
ultrasound studies. In this latter study, US also detected portal venous gas in one 
patient, which was confirmed by CT scan. US can also be used for guiding drainage 
procedures, as reported in cases of COVID-19-related acute cholecystitis[18].

A rather high prevalence of fatty liver has been reported in COVID-19 patients who 
underwent US examination, likely attributable to the established association between 
SARS-CoV-2 infection and obesity[17,19].

Taking into account the altered coagulation in COVID-19 and the potential 
thrombotic complications, US can be of value in evaluating the abdominal vasculature. 
Doppler US can be used to assess for venous or arterial thrombosis. Decreased 
vascularity at Doppler examination can indicate infarction and needs further studies. 
Contrast-enhanced US has been reported to adequately detect abdominal microcircu-
latory disorders by assessing mesenteric blood flow, liver and kidney perfusion[20].

A concern regarding US in COVID-19 patients was related to sonographer exposure 
while performing the examination. In order to minimize the scanning time, there have 
been proposals to capture cine clips and proceed with postprocessing of images after 
the examination[21].

CT
Several papers have looked at abdominal CT findings in COVID-19. Most frequent 
features seen on abdominal CT in COVID-19 patients were bowel wall thickening, 
fluid-filled colon, pneumatosis, pneumoperitoneum, intussusception, and ascites[22]. 
Abdominal findings in COVID-19 are detected either by ordering an abdominal scan 
in a SARS-CoV-2 positive patient, or by incidentally detecting ground-glass opacities 
in lung bases during an abdominal scan ordered for non-COVID related reasons.

CT scan has been usually indicated for prominent, otherwise unexplained digestive 
pain or for suspected complications such as mesenteric thrombosis or bowel ischemia
[12,17]. Also, elevations in serum amylase and lipase have been reported in COVID-19; 
while the increased values of pancreatic enzymes did not usually reflect pancreatitis, 
there are reports of COVID-19 associated acute pancreatitis documented by CT[23-29]. 
Others, however, have considered inappropriate to define a causal relationship 
between SARS-CoV-2 and acute pancreatitis, due to insufficient etiological workup
[30].

MRI
MRI has been rarely reported in COVID-19 patients, significantly less than US and CT
[17]. In a study by Shiralkar et al[31], MRI was indicated for liver dysfunction; no acute 
findings were seen. A potential limitation of abdominal MRI studies in COVID-19 is 
the prolonged examination time in patients suffering from respiratory failure. 
Although MRI is an excellent modality for the evaluation of biliary disease, findings 
are usually non-specific as cholestasis is related to the high expression of ACE2 
receptor in cholangiocytes.

DISCUSSIONS
In front of this novel threat for humanity, knowledge is continuously evolving with 
unprecedented efforts from the academic community. Despite good evidence on 
gastrointestinal involvement in COVID-19, related to the abundant expression of 
ACE2 receptors in the gut and biliary endothelium, there is a paucity of data regarding 
the imaging approach of digestive-related symptoms or laboratory test abnormalities 
of these patients. Moreover, currently available data on abdominal imaging in COVID-
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Table 1 Summary of proposed mechanisms and abdominal imaging techniques recommended for gastrointestinal involvement in 
coronavirus disease-2019[13,34,35]

Proposed mechanism Abdominal imaging 

Hepato-biliary Direct viral cytopathic injury; Congestive hepatopathy; 
Drug-induced liver injury; Systemic inflammatory 
response; Exacerbation of preexistent chronic liver 
disease

Ultrasound to check gallbladder and biliary tree; CT/MRI to asses for 
perfusion injury and complications

Pancreas Direct viral cytopathic injury; Systemic inflammation; 
Dehydration

CT scan to assess severity and complications of pancreatitis, and evaluate 
for alternative diagnosis; Ultrasound to check for biliary etiology or 
alternative diagnosis, also for diagnosis and follow-up of complications in 
pancreatitis

Gastrointestinal 
tract

Direct viral cytopathic injury; Systemic inflammation; 
Thrombosis; Adverse effects of COVID-19-related drugs

CT scan to assess for clinically similar alternative diagnosis, to detect 
extension and severity of bowel inflammation and to check the vascular 
patency

COVID-19: Coronavirus disease-2019; CT: Computed tomography; MRI: Magnetic resonance imaging.

Figure 1 Summary of coronavirus disease-2019 related abdominal imaging findings.

19 is retrospective in nature and limited by significant heterogeneity with respect to 
indications, protocol and follow-up of pathological findings.

Most frequent indications for US examination in SARS-CoV-2 positive patients were 
upper abdominal pain and altered liver function tests. COVID-19-related liver injury is 
usually mild and transient, but liver failure can occur in the setting of sepsis or 
coagulopathy with microthrombosis[21]. While Doppler examination might be limited 
in detecting small vessel thrombosis, assessment of mesenteric and liver vasculature 
patency is well done by contrast-enhanced CT scan or gadolinium-enhanced MRI. 
Usually, abdominal CT scan is indicated in cases of suspected bowel ischemia/ 
perforation, solid organ infarction (spleen, kidney), sepsis or cholestasis-related 
complications[21]. Segmental or diffuse thickening of the gut wall, along with 
distended intestinal lumen is a frequent finding in COVID-19 and can present as 
gastritis, enteritis, colitis or combination of these[21]. Bowel findings in COVID-19 are 
supposed to be caused be either direct viral infection of gut epithelium or by small-
vessel thrombosis with consecutive ischemia[17].

Along with ischemic complications, CT scan can also depict hemorrhagic complic-
ations such as hematomas or hemorrhagic transformation of bowel ischemia[21]. 
Besides its diagnostic role, abdominal imaging has also demonstrated prognostic value 
upon detection of ischemic gastrointestinal complications in COVID-19, which has 
been shown to be associated with higher mortality[32,33]. The most frequent findings 
on abdominal imaging in COVID-19 are summarized in Figure 1.

Not least, cross-sectional abdominal imaging performed in symptomatic individuals 
not suspected of having COVID-19 can alert clinicians of the possibility of SARS-CoV-
2 infection by detection of ground-glass opacities on sections of the upper abdomen 
which are also capturing the lung bases. Thus, a CT scan ordered for a non-pulmonary 
indication can incidentally detect COVID-19 patients, before occurrence of respiratory 
manifestations.

To sum up, abdominal ultrasound and cross-sectional imaging techniques such as 
CT scan can accurately assess for gastrointestinal involvement in SARS-CoV-2 infected 
patients, particularly in a clinically significant setting; knowledge of the underlying 
mechanisms of hepatobiliary, pancreatic and gut alterations in COVID-19 and a high 
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index of suspicion is mandatory for prompt detection of digestive-related injuries of 
SARS-CoV-2 infection (Table 1). Further studies looking at abdominal microvascu-
lature and follow-up of patients with abdominal features related to COVID-19 are 
warranted to better depict the imaging features of this infection.

CONCLUSION
While there’s been a steady accumulation of data with respect to abdominal imaging 
findings in COVID-19, currently available recommendations are based on limited 
research. There is a wide spectrum of abdominal imaging findings in COVID-19, 
which includes hepato-biliary, pancreatic and luminal pathology. Underlying 
mechanisms behind the wide spectrum of digestive involvement in COVID-19 include 
direct viral infection, small-vessel thrombosis and systemic inflammation. Prompt 
recognition of abdominal imaging findings in COVID-19 is mandatory to adequately 
guide management and improve prognosis of these patients. Also, abdominal imaging 
in patients with primarily digestive symptoms not initially suspected of COVID-19 can 
alert clinicians about the possibility of SARS-CoV-2 infection if typical lesions are 
found on evaluation of lung bases.
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Abstract
BACKGROUND 
In chest computed tomography (CT) scan, bilateral peripheral multifocal ground-
glass opacities, linear opacities, reversed halo sign, and crazy-paving pattern are 
suggestive for coronavirus disease 2019 (COVID-19) in clinically suspicious cases, 
but they are not specific for the diagnosis, as other viral pneumonias, like influ-
enza and some viral pneumonia may show similar imaging findings.

AIM 
To find a specific imaging feature of the disease would be a welcome guide in 
diagnosis and management of challenging cases.

METHODS 
Chest CT imaging findings of 650 patients admitted to a university Hospital in 
Tehran, Iran between January 2020 and July 2020 with confirmed COVID-19 in-
fection by RT-PCR were reviewed by two expert radiologists. In addition to 
common non-specific imaging findings of COVID-19 pneumonia, radiologic 
characteristics of “pulmonary target sign” (PTS) were assessed. PTS is defined as a 
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circular appearance of non-involved pulmonary parenchyma, which encompass a 
central hyperdense dot surrounded by ground-glass or alveolar opacities.

RESULTS 
PTS were presented in 32 cases (frequency 4.9%). The location of the lesions in 31 
of the 32 cases (96.8%) was peripheral, while 4 of the 31 cases had lesions both 
peripherally and centrally. In 25 cases, the lesions were located near the pleural 
surface and considered pleural based and half of the lesions (at least one lesion) 
were in the lower segments and lobes of the lungs. 22 cases had multiple lesions 
with a > 68% frequency. More than 87% of cases had an adjacent bronchovascular 
bundle. Ground-glass opacities were detectable adjacent or close to the lesions in 
30 cases (93%) and only in 7 cases (21%) was consolidation adjacent to the lesions.

CONCLUSION 
Although it is not frequent in COVID-19, familiarity with this feature may help 
radiologists and physicians distinguish the disease from other viral and non-
infectious pneumonias in challenging cases.

Key Words: Chest computed tomography; Diagnosis; Viral pneumonia; COVID-19; Pul-
monary target sign; Case report

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: In this report, a new diagnostic imaging sign in chest computed tomography 
of coronavirus disease 2019 cases, the “pulmonary target sign”, is reported and its 
characteristics are described. Previous reports are limited to a small number of case 
reports and this appearance is not fully described.

Citation: Jafari R, Jonaidi-Jafari N, Maghsoudi H, Dehghanpoor F, Schoepf UJ, Ulversoy KA, 
Saburi A. “Pulmonary target sign” as a diagnostic feature in chest computed tomography of 
COVID-19. World J Radiol 2021; 13(7): 233-242
URL: https://www.wjgnet.com/1949-8470/full/v13/i7/233.htm
DOI: https://dx.doi.org/10.4329/wjr.v13.i7.233

INTRODUCTION
Coronavirus disease 2019 (COVID-19) is the seventh member of the non-segmented, 
enveloped, and positive-sense-RNA Coronaviridae family, which causes acute 
respiratory illness. This new coronavirus was first detected in Wuhan, China, in 
December 2019. It has since rapidly spread throughout the world and was recognized 
as a global health emergency[1,2]. COVID-19 presents as a wide spectrum of clinical 
pictures, from asymptomatic or mild flu-like illness to severe respiratory infection and 
even death[3,4].

A definitive diagnosis of COVID-19 mainly relies on RT-PCR testing in suspected 
cases. Chest computed tomography (CT) also has an undeniable importance in the 
diagnostic management of COVID-19 due to its high sensitivity and widespread 
availability[5]. The most common radiologic findings of COVID-19 are bilateral, 
peripheral, multifocal ground-glass opacities (GGO) and consolidations, linear opa-
cities, reversed halo sign, and crazy-paving pattern[4,6]. These findings are highly 
suggestive, but not specific, for the diagnosis of COVID-19 infection, as other viral 
pneumonias, like influenza, severe acute respiratory syndrome and middle east 
respiratory syndrome, may show similar imaging findings[7,8]. Therefore, finding a 
specific and unique imaging feature of the disease in chest CT of patients with COVID-
19 could be extremely helpful in the diagnostic work-up of these patients by limiting 
the differential diagnosis.

Some relatively specific features of the disease in chest CT have been discussed in 
the literature, including the “parallel pleural sign”, “rings of Saturn appearance” and, 
recently, the “pulmonary target sign (PTS)”[9,10]. The latter imaging finding seems to 
be more specific for the disease. It was initially reported by Jafari et al[11] and 

http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
https://www.wjgnet.com/1949-8470/full/v13/i7/233.htm
https://dx.doi.org/10.4329/wjr.v13.i7.233


Jafari R et al. “Pulmonary target sign” appearance in COVID-19

WJR https://www.wjgnet.com 235 July 28, 2021 Volume 13 Issue 7

Shaghaghi et al[12] as a hyperattenuating ring surrounding a dense central dot, mi-
micking a target sign. This was termed a “target-shaped combined halo and reversed-
halo sign” and “rings of Saturn”[11,12]. One month later, a similar pattern, named 
“chest target sign”, was reported by McLaren et al[13] called “Bulls eye sign”. Subse-
quently, de Farias et al[14] and Müller et al[15] also reported this imaging feature and 
its variants. Recently, Jafari et al[16] reported four cases of “PTS”. In this contribution, 
we review chest CT images of 32 cases of PTS.

MATERIALS AND METHODS
Study design
Chest CT imaging findings of 650 patients admitted to a university Hospital in Tehran, 
Iran with confirmed COVID-19 infection by RT-PCR between January 2020 and July 
2020 were reviewed by two expert radiologists.

Imaging protocol
All chest CT scan were obtained using a 16-row detector CT scanner (GE, optima, 
United States). Based on protocol of COVID-19 low-dose thoracic CT scan, the fo-
llowing items were considered: Tube voltage, 120 kVp; mAs, 30; slice thickness, 2.5 
mm; reconstruction interval, 1.25 mm; rotation time, 0.5 s; pitch, 0.984; beam colli-
mation, 40.

Chest CT interpretation
In addition to common non-specific imaging findings of COVID-19 pneumonia, 
radiologic characteristics of PTS will be presented. This chest CT sign of the disease as 
a circular appearance of non-involved pulmonary parenchyma with a central hyper-
dense dot, which is surrounded by ground glass or alveolar opacities, resembling a 
shooting target.

RESULTS
Of the 650 patients reviewed, 32 cases of PTS were found (4.9% prevalence). The 
location of the lesions in 31 of the 32 cases was peripheral, while 4 of the 31 cases had 
lesions both peripherally and centrally. Only one case had an isolated central lesion 
mimicking a solitary pulmonary nodule (Figures 1 and 2A).

The typical shape of PTS was seen in 31 cases, while 1 case had a PTS variant with 
double peripheral dense rings, which was previously named “rings of Saturn” (see 
Figure 2).

In 25 cases, the lesions (at least one if there were multiple) were located near the 
pleural surface and considered pleural based (see Figure 3). Half of the lesions (at least 
one lesion) were in the lower segments and lobes of the lungs (see Figure 4).

More than 87% of cases had an adjacent bronchovascular bundle (BVB). This charac-
teristic was reported when a dense branching linear structure was approaching the 
lesion (see Figure 5).

Of the 32 cases, 22 had multiple lesions with a > 68% frequency (see Figure 6). GGOs 
were detectable adjacent or close to the lesions in 30 cases (93%) and only in 7 cases 
(21%) was consolidation adjacent to the lesions, Figure 7.

8 cases showed pulmonary complications of COVID-19, including pneumothorax (1 
case) and pleural effusion (7 cases/21%). Three cases (9%) showed parallel pleural sign 
and 6 cases (18%) showed fibrotic bands (see Figure 8). The characteristics are 
summarized in Table 1.

DISCUSSION
Regarding the descriptive findings and characteristics of PTS lesions, they tend to be 
multiple lesions, located in the periphery, and located adjacent to a BVB and GGOs. 
They are uncommonly seen centrally or basally or with adjoining consolidation. Due 
to a low frequency of fibrotic bands as a marker of healing and concomitant complic-
ations, such as pleural effusion, it seems that PTS appear at early phases.
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Table 1 Cases characteristics

Characteristics of PTS Number (32 cases) Frequency (4.9%)

Only peripheral 31 96.8%

Both central and peripheral 4 12.5%

Age (mean ± SD) 53.1 ± 13.4 -

Gender (male) 28 87.5%

Along with BVB 28 87.5%

Pleura-based1 25 78.1%

Adjacent GGO 30 93.7%

Adjacent consolidation 7 21.8%

Basal lobes and segments2 16 50.0%

Multiple 22 68.7%

1Pleura based or close to pleural surface.
2If only one of multiple lesions present at lower segments and lobes, considered positive.
BVB: Bronchovascular bundle; GGO: Ground-glass opacities; PTS: Pulmonary target sign.

Figure 1 “Pulmonary target sign” in 4 different cases varies according to the location of the lesions. A and B: Peripheral location; C and D: 
Central location.

In such contagious and life-threatening infections as COVID-19, having a consistent 
and reliable diagnostic and screening tool is vital. Currently, CT, with its high 
sensitivity and specificity, is one of the most valuable screening and diagnostic tools
[17,18]. Although commonly reported findings in COVID-19 CT scans are not specific 
for a diagnosis of COVID-19 vs other viral pneumonias, some recently reported 
specific features of the disease, like PTS, can be helpful for this aim.

It is important to know the difference between PTS and the Atoll sign. An Atoll sign 
has central opacities consisting of GGO, while PTS has a central dot which can 
represent a filled bronchiole or vessel. Moreover, it was previously noted that “the 
crescentic appearance of the reversed halo sign is typical on CT whereas the target sign 
has a polygonal appearance peripherally”[19]. This feature has been frequently re-
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Figure 2 Variants of “pulmonary target sign” in 4 different cases. A: “Pulmonary target sign” (PTS) similar to a solitary pulmonary nodule; B: “Rings of 
Saturn” as a variant of PTS; C and D: PTS with parallel pleural sign.

Figure 3 “Pulmonary target sign” in 4 different patients. A and B: “Pulmonary target sign” (PTS) as a pleural based lesion; C: PTS with incomplete 
peripheral ring; D: Complete peripheral ring.

ported as Atoll sign, which may be due to the unfamiliarity with this sign among 
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Figure 4 “Pulmonary target sign” in 4 different individuals. A, B and C: Basal location of “pulmonary target sign”; D: Apical location.

Figure 5 “Pulmonary target sign” in 4 different cases. “Pulmonary target sign” along with a broncho-vascular bundle.

physicians and radiologists[20-22]. For differentiation, it was described that “the 
peripheral wall of the CT target sign has a polygonal appearance in most patients”, in 
contrast to the constellation of the reverse halo sign[19].

Generally, diffuse subpleural and peripheral ill-defined GGO with air-broncho-
grams, adjacent pleural thickening and septal or interlobular thickening were reported 
as the imaging hallmark of the novel coronavirus, while hilar or mediastinal lym-
phadenopathy, pleural effusion, pulmonary nodules and cavitations are unusual 
findings[2].
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Figure 6 Laterality of “pulmonary target sign” in 4 different cases. A and B: Multiple unilateral “pulmonary target sign”; C: bilateral lesions; D: Solitary 
lesion.

Figure 7 Correlation of “pulmonary target sign” with adjacent ground-glass opacities or consolidation. A: Circular adjacent ground-glass opaci-
ties (GGO); B and C: Patchy adjacent GGO; D: adjacent patchy consolidation.

In our contribution, we present 32 PCR confirmed cases of COVID-19 infection with 
specific findings on their chest CT. As mentioned previously, in addition to common 
findings of COVID-19 infection, their chest CT revealed a circular appearance of non-
involved pulmonary parenchyma, which encompassed a central hyperdense dot 
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Figure 8 “Pulmonary target sign” with coronavirus disease 2019 complications. A: Pneumothorax and pneumomediastinum; B: Pleural effusion; C: 
Pleural thickening; D: Fibrotic band.

surrounded by ground-glass or alveolar opacities. This represents a unique finding 
that has never been reported in any other disease. We hypothesize that this appea-
rance is due to a pattern of lobar involvement of COVID-19 via bronchiolar and 
venolymphaticdrainage[11,23]. Interstitial pneumonitis and subsequent organizing 
pneumonia with diffuse alveolar damage were reported in the advanced phase of the 
disease[19,24]. Therefore, the PTS feature will likely develop when the venolymphatic 
drainage system is subject to a considerable load of fluid entrapment, as in the case of 
alveolar wall injury and bronchial occlusion by this secretion (central dot) secondary to 
COVID-19.

CONCLUSION
We present specific, unique chest CT imaging features in 32 confirmed cases of 
COVID-19 infection. Although these findings are not observed in all patients with this 
disease and it is uncommon (about 5% frequency), we believe PTS to be a specific 
finding which can distinguish COVID-19 pneumonia from other similar viral pneu-
monias. However, due to the only recent recognition of this feature and the scarcity of 
reported cases, it is not yet clear whether PTS is seen only in COVID-19 or will also be 
observed in other viral pneumonias with similar pathophysiology.

ARTICLE HIGHLIGHTS
Research background
Chest computed tomography scan findings like bilateral ground glass opacities and 
consolidations are commonly used as distinguishing features in the differential 
diagnosis of coronavirus disease 2019 (COVID-19). However, a problem in diagnosis 
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arises when other viral or atypical pneumonia infections are suspected, as they may 
present similarly.

Research motivation
Pulmonary target sign (PTS) is a feature of COVID-19 that has been recently suggested 
as an atypical presentation of pulmonary involvement and may be used to distinguish 
COVID-19 from other similar pneumonia infections.

Research objectives
In this paper, the PTS and its characteristics were assessed among COVID-19 confirm-
ed patients.

Research methods
Among all cases of COVID-19 that were referred to a tertiary medical center in Tehran, 
Iran, chest CT scan findings of 650 serologically positive cases of COVID-19 were 
evaluated for PTS and its characteristics.

Research results
32 individuals with at least one PTS in their CT scan were identified in which most of 
the PTSs were multiple in number, in a peripheral location, and near a bronchovas-
cular bundle.

Research conclusions
The PTS has a frequency of about 5% and specific characteristics that may make it 
useful in the prompt diagnosis of COVID-19.

Research perspectives
The relationship between the presence of the PTS and the prognosis of COVID-19 still 
needs to be elucidated. Additionally, the mechanisms behind the pathogenesis and the 
timeline of PTS progression are suggested areas of research for future studies.
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Abstract
BACKGROUND 
Given the several radiological features shared by coronavirus disease 2019 pneu-
monia and other infective or non-infective diseases with lung involvement, the 
differential diagnosis is often tricky, and no unequivocal tool exists to help the 
radiologist in the proper diagnosis. Computed tomography is considered the gold 
standard in detecting pulmonary illness caused by severe acute respiratory syn-
drome coronavirus 2.

AIM 
To conduct a systematic review including the available studies evaluating com-
puted tomography similarities and discrepancies between coronavirus disease 
2019 pneumonia and other pulmonary illness, then providing a discussion focus 
on cancer patients.

METHODS 
Using pertinent keywords, we performed a systematic review using PubMed to 
select relevant studies published until October 30, 2020.

RESULTS 
Of the identified 133 studies, 18 were eligible and included in this review.

CONCLUSION 
Ground-glass opacity and consolidations are the most common computed to-
mography lesions in coronavirus disease 2019 pneumonia and other respiratory 
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diseases. Only two studies included cancer patients, and the differential diagnosis 
with early lung cancer and radiation pneumonitis was performed. A single lesion 
associated with pleural effusion and lymphadenopathies in lung cancer and the 
onset of the lesions in the radiation field in the case of radiation pneumonitis 
allowed the differential diagnosis. Nevertheless, the studies were heterogeneous, 
and the type and prevalence of lesions, distributions, morphology, evolution, and 
additional signs, together with epidemiological, clinical, and laboratory findings, 
are crucial to help in the differential diagnosis.

Key Words: COVID-19; Computed tomography; Differential diagnosis; Cancer; Pneumo-
nia; Radiological findings

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: In the coronavirus disease 2019 era, the differential diagnosis of pneumonitis, 
already challenging in patients with multiple comorbidities and polypharmacological 
therapy, has become even more challenging. The gold-standard technique for diag-
nosing coronavirus disease 2019-related pneumonia is still not established. Still, a 
computed tomography scan is essential for the differential diagnosis of drug-induced 
pneumonitis, infectious pneumonia, and other conditions such as cancer progression. 
With this review, we have dealt with frequent radiological diatribes in the radiological 
diagnosis of coronavirus disease 2019 pneumonitis, with a special focus on cancer pa-
tients, for whom clinical elements can be more confounding than helpful as a compen-
dium to the correct diagnostic conclusion.

Citation: Perrone F, Balbi M, Casartelli C, Buti S, Milanese G, Sverzellati N, Bersanelli M. 
Differential diagnosis of COVID-19 at the chest computed tomography scan: A review with 
special focus on cancer patients. World J Radiol 2021; 13(8): 243-257
URL: https://www.wjgnet.com/1949-8470/full/v13/i8/243.htm
DOI: https://dx.doi.org/10.4329/wjr.v13.i8.243

INTRODUCTION
The coronavirus disease 2019 (COVID-19) outbreak began in Wuhan, China, in late 
2019 and rapidly spread worldwide at the beginning of 2020, when it was declared a 
global pandemic by the World Health Organization[1,2]. Many jurisdictions in several 
states carried out public health interventions to contain the transmission of severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)[3]. Europe is now experi-
encing a second wave of contagion[4].

The virus has a specific tropism for the lower respiratory tract, and it is the cause of 
mild to severe respiratory infection[5].

Imaging has been widely employed to triage the massive load of acute respiratory 
referral due to COVID-19 by complementing the nucleic acid testing (i.e., the diag-
nostic reference standard). Typical manifestations of COVID-19 pneumonia on com-
puted tomography (CT) have become known since the early phase of the pandemic: 
bilateral peripheral opacities with a lower lung distribution, usually consisting of 
nodular or mass-like ground-glass opacities (GGO) variably associated with areas of 
consoli-dation[6,7]. CT abnormalities may be absent in the earliest disease phases and 
become more extensive in the peak stage (i.e., around day 9 to 13) before resolve or 
evolve to a more organized phase, possibly leading to fibrotic-like changes[8,9].

Many of the hallmark CT findings are apparent on chest X-ray, which is prone to 
miss subtle GGO, even if relatively diffuse in extent. Nevertheless, chest X-ray has 
shown the potential to predict outcomes in relatively advanced disease stages, assess 
supervening complications, and monitor the disease course[10]. Lung ultrasound was 
suggested as a fast and feasible approach for triaging COVID-19 patients by identi-
fying peripheral lung abnormalities such as confluent artifactual signs, small hyper-
echoic lung regions, thickened pleural lines, and consolidation[11,12]. Though highly 
sensitive, lung ultrasound is operator-dependent, challenging to perform in obese 
patients, and has lower specificity than CT[13].

http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
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It is worth emphasizing that the imaging appearance of COVID-19 is non-specific, 
and the performance of different modalities dramatically relies on the disease 
prevalence. The typical manifestations may mimic or overlap with other infective and 
non-in-fectious diseases, including influenza and acute lung injuries from drug re-
actions and connective tissue diseases[14]. Identifying findings uncommonly seen in 
COVID-19 pneumonia such as cavitation, tree-in-bud, and pleural effusion may help 
suggest an alternative diagnosis, which cannot be prescinded from clinical evaluation.

In the present article, we performed a systematic review of the literature focusing on 
differential radiological diagnosis between COVID-19 pneumonia and other infective 
and non-infective lung diseases, then discussing possibly helpful clinical elements and 
finally focusing on this issue in cancer patients.

MATERIALS AND METHODS
We conducted this systematic review according to the Preferred Reporting Items gui-
delines for Systematic Reviews and Meta-Analysis (PRISMA) Statement[15]. The 
primary aim was to collect, describe, and discuss all the clinical studies evaluating the 
different CT findings between COVID-19 infection and other infective or non-infective 
lung diseases.

Search strategy
Two authors (CC and FP) carried out a comprehensive systematic search for published 
articles on the MEDLINE/PubMed library until October 31, 2020. Given the absence of 
articles on this topic before December 2019, when the first COVID-19 outbreak started, 
no upper limit for the search was chosen.

The following search keywords were used: “COVID-19” AND “computed tomo-
graphy” AND “differential diagnosis.” The reference lists of the included articles and 
reviews/meta-analyses on our research topic were also reviewed to identify additional 
relevant papers.

Study selection and eligibility criteria
Retrospective studies, prospective studies, and case reports describing the difference 
between CT signs caused by SARS-CoV2 infection and other respiratory and non-
respiratory diseases were included. Only English-language articles were considered 
eligible. Studies with insufficient radiological data or focused on non-CT radiological 
findings (i.e., ultrasound or radiography) were excluded. We planned qualitative ana-
lysis only, forecasting a high heterogeneity between the eligible studies, likely preven-
ting quantitative analyses.

Narrative papers, such as commentaries and editorials, were excluded from the 
formal qualitative analysis, but the most relevant articles discussing the issue were 
considered in the discussion.

Data extraction and synthesis
The study characteristics (first author, year of publication, type of study, number of 
patients included, disease of comparison assessed, and main radiological similarities 
and discrepancies, laboratory findings) were extracted from the included articles by a 
single author (FP). Two reviewers (FP and CC) initially performed the data extraction, 
and then it was independently reviewed by an additional reviewer (MB).

Any doubt or disagreement was discussed with a fourth investigator (SB) and resol-
ved with all investigators’ consensus.

RESULTS
Literature search
Of the 133 studies found in the search, 104 were initially excluded by title and abstract 
reading. After reading the full text of the remaining 29 articles, 11 were excluded 
because they missed relevant radiological information or comparison between diffe-
rent imaging patterns. Overall, 18 studies satisfied the prespecified criteria and were 
selected for the qualitative analysis. The outline of the search is reported in Figure 1.
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Figure 1 PRISMA flow diagram. 

Characteristics of the included studies
Trial characteristics and the main results of the studies included are reported in 
Table 1. Among the 18 studies included, 5 were case report/case series[16-20], and 13 
were retrospective[21-33]. All the studies described the typical radiological character-
istics of COVID-19 pneumonia and addressed the radiological differential diagnosis 
issue. The difference between COVID-19 and non-infective respiratory diseases, 
namely: Systemic sclerosis and granulomatosis with polyangiitis (n = 2)[30,31], fat 
embolism (n = 1)[32], pulmonary contusion (n = 1)[33] were evaluated in 5 out of 18 
studies. One study evaluated both heart failure-induced pulmonary edema and rheu-
matic pneumonia (n = 1)[16].

On the other hand, 11 studies explored the CT imaging differences between COVID-
19 disease and other infective pneumonia. In particular, the differential diagnosis was 
performed with influenza pneumonia (n = 3)[23,30,33], community-acquired pneumo-
nia (CAP) (n = 3)[24,25,31], and other non- specified viral or bacterial pneumonia (n = 
5)[21,22,26,27,32].

Only two studies included cancer patients. One assessed the radiological discrep-
ancies between COVID-19 disease with lung involvement and radiation pneumonitis
[28]. In the other study, the differential diagnosis regarded early lung cancer[29].

In the majority of studies, detection of SARS-CoV-2 was performed by RT-PCR on 
throat/nasopharyngeal swab. The laboratory test was lacking in only one study, in 
which the final diagnosis was carried out based on clinical and epidemiological find-
ings[20].

In the following paragraphs, the findings of the included studies are reported by 
topic.

Differential diagnosis between COVID-19 pneumonia and other non-infective 
respiratory diseases
The radiological difference between COVID-19 pneumonia and heart failure-induced 
pulmonary edema was evaluated by Dai et al[16].

Although GGOs and interlobular septal thickening were CT manifestations shared 
by both diseases, butterfly signs (patchy high attenuation patterns and large patchy 
high attenuation patterns in both lungs), peribronchial cuffing, and redistribution of 
blood flow in both lungs were typical in heart failure pulmonary edema.

Three rheumatologic diseases, namely systemic sclerosis, granulomatosis with 
polyangiitis, and rheumatic disease, often caused lung involvement with GGOs. Pre-
dominant lower lobe distribution associated with reticulations and honeycombing in 
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Table 1 Summary of the studies included in the systematic review

Ref. Yr Type of 
study Patients, n

Disease in 
differential 
diagnosis

Radiological 
similarities with 
COVID-19 disease

Radiological discrepancy 
with COVID-19 disease

Laboratory 
findings

Dai et al[16] 2020 Case series 4 pts COVID-
19 positive. 1 
pts heart 
failure induced 
pulmonary 
edema. 1 pts 
rheumatic 
pneumonia.

Heart failure 
induced 
pulmonary edema. 
Rheumatic 
pneumonia.

Local or multiple GGOs. 
Patchy high-attenuation 
patterns. Sporadic or local 
interlobular septal 
thickening. Patchy GGOs 
and consolidations; 
interlobular septal 
thickening.

Butterfly sign. Peribronchial 
cuffing. Redistribution of 
blood flow in both lungs.

Normal WBC 
count, D-dimer, 
hs-CRP. RT-PCR 
for SARS-CoV-2 
negative. Normal 
WBC and 
lymphocyte 
count, high hs-
CRP, D-dimer, 
rheumatoid 
factor. RT-PCR 
for SARS-CoV-2 
negative.

Orlandi et al
[17]

2020 Case report - Systemic sclerosis 
ILD

Bilateral GGOs with or 
without consolidations. 
Reticulations.

Limited to lower lobes. 
Honeycombing pattern.

RT-PCR for 
SARS-CoV-2 
negative

Shenavandeh 
et al[18]

2020 Case report 1 Granulomatosis 
with polyangiitis

GGOs and consolidation Nodules and mass lesions -

Chen et al[20] 2020 Case report 1 Pulmonary 
contusion

GGOs and consolidation More consolidations. Less 
combined with pleural 
effusion and subpleural 
atelectasis. Different time 
evolution of lesions.

High WBC count 
and mild 
decreased of 
lymphocyte count

Mazouz et al
[19]

2020 Case report 1 Fat embolism Bilateral GGOs Central and peripherical 
involvement

High CRP, 
alkalosis with 
hypoxemia, 
normal 
lymphocyte 
count. RT-PCR 
for SARS-CoV-2 
negative.

Zhang et al
[29]

2020 Retrospective 157 pts 
COVID-19. 374 
pts with early 
lung cancer.

Early lung cancer Air bronchogram. Cystic 
change.

Less lobes and segments 
involved. Unilateral oval 
lesions. Pure or mixed 
GGOs. Lobulated sign, 
pleural retraction and vessel 
convergence sign. Less 
lymphadenopathies and 
pleural effusion.

Higher WBC and 
lymphocyte 
count, lower D-
dimer level.

Zeng et al[28] 2020 Retrospective 112 pts 
COVID-19 
positive or 
suspected. 4 
pts with 
radiation 
pneumonitis.

Radiation 
pneumonitis

GGOs with consolidation. 
Air bronchogram. 
Irregular intralobular or 
interlobular septal 
thickening. Fibrosis in late 
stage.

Onset within 6 mo after 
radiation. Slow evolution. 
Lesions confined to radiation 
fields.

High WBC count, 
D-Dimer, CRP 
and PCT, marked 
lymphopenia. RT-
PCR for SARS-
CoV-2 negative.

Himoto et al
[27]

2020 Retrospective 21 pts COVID-
19 positive. 15 
pts with viral 
or bacterial 
pneumonia.

Pneumococcal 
pneumonia, 
Moraxella 
pneumonia, 
Legionella 
pneumonia, not-
specified bacterial 
or viral 
pneumonia. 
Pneumocystis 
pneumonia and 
interstitial 
pneumonia.

Bilateral peripherical 
GGOs. No cavitation, 
airway abnormalities, 
pleural effusion, and 
mediastinal 
lymphadenopathy.

Less lobes involved. No 
rounded morphology 
lesions.

RT-PCR for 
SARS-CoV-2 
negative

Luo et al[22] 2020 Retrospective 30 pts COVID-
19 positive. 43 
pts with viral 
or bacterial 
pneumonia.

Influenza 
pneumonia, 
Pneumocystis 
carinii pneumonia, 
Mycoplasma 
pneumonia and 
CAP.

GGOs with or without 
consolidation

Less lobes involved. 
Peribronchovascular 
distribution. Centrilobular 
nodules. Bronchial wall 
thickening.

WBC and 
lymphocyte count 
normal, but lower 
in COVID-19 
positive patients. 
RT-PCR.
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Xie et al[26] 2020 Retrospective 12 pts COVID-
19 positive. 16 
pts COVID-19 
negative.

COVID-19 negative Bilateral multiple lung 
involvement, large 
irregular/patchy 
opacities, rounded 
opacities and linear 
opacities, crazy-paving 
patterns, interlobular 
septal, pleural and 
peribronchovascular 
interstitial thickening, air 
bronchograms, tree-in-
bud patterns.

More central distribution of 
lesions. Less frequent 
rounded opacities.

Higher level of 
neutrophil count 
in COVID-19 
negative. RT-
PCR.

Bai et al[21] 2020 Retrospective 219 pts 
COVID-19 
positive. 205 
pts with viral 
pneumonia.

Viral pneumonia Bilateral, multiple GGOs, 
consolidation, nodules. 
Septal thickening.

More central + peripheral 
distribution. More air 
bronchogram, pleural 
thickening, pleural effusion 
and lymphadenopathy.

Higher WBC and 
lymphocyte count 
in patients with 
viral pneumonia. 
RT-PCR.

Chi et al[32] 2020 Retrospective 17 pts COVID-
19 positive. 51 
pts with viral 
or bacterial 
pneumonia.

Influenza A and B. 
Adenovirus. 
Chlamydia 
pneumonia. 
Mycoplasma 
pneumonia.

- INFLUENZA A: scattered 
and patchy shadows and 
nodular shadows in both 
lungs. INFLUENZA B: 
subpleural patchy shadows. 
ADENOVIRUS: 
consolidation near the 
pleura. CHLAMYDIA 
PNEUMONIAE: multiple 
GGOs and consolidations in 
both lungs. MYCOPLASMA 
PNEUMONIAE: bronchial 
wall thickening, 
centrilobular nodules, GGOs 
and consolidation.

Higher WBC 
count, RT-PCR

Li et al[24] 2020 Retrospective 43 pts COVID-
19 positive. 49 
pts with CAP.

CAP - More nodular or 
consolidation shadows with 
or without patchy GGOs. 
Less fine mesh changes, 
small vessels dilatated, 
bronchiectasis and lesion 
with long axis parallel to the 
pleura.

RT-PCR

Liu et al[25] 2020 Retrospective 165 pts 
COVID-19 
positive. 118 
pts with CAP.

CAP - More central distribution. 
More frequent single lesion. 
GGOs rapid changes in 
consolidation. Fibrous cord 
and bronchial wall 
thickening.

Normal WBC 
count, higher 
lymphocyte count 
and CRP. RT-
PCR.

Zhou et al[31] 2020 Retrospective 149 pts 
COVID-19 
positive. 97 pts 
with CAP.

CAP (Streptococcus. 
pneumoniae)

- More consolidation lesions, 
bronchial wall thickening, 
centrolobular nodules and 
pleural effusion. Less GGOs, 
crazy paving sign and 
abnormally thickened 
interlobular septa.

High WBC count, 
neutrophils count 
and CRP. Rt-PCR.

Liu et al[23] 2020 Retrospective 122 pts 
COVID-19 
positive. 48 pts 
with influenza 
pneumonia.

Influenza 
pneumonia

GGOs with consolidation. 
Nodules. Linear opacities. 
Interlobular septal 
thickening tree-in-bud 
sign.

More nodules, pleural 
effusions and tree-in-bud 
sign. Central + peripheral 
distribution.

RT-PCR for 
influenza or 
SARS-CoV-2.

Zhao et al[33] 2020 Retrospective 31 pts COVID-
19 positive. 18 
pts with 
influenza 
pneumonia.

Influenza 
pneumonia

- More consolidations and 
pleural effusions.

RT-PCR

Wang et al
[30]

2020 Retrospective 13 pts COVID-
19 positive. 92 
pts with 
influenza 
pneumonia.

Influenza 
pneumonia

GGOs and GGOs with 
consolidation

Inferior lobe involved. 
Cluster-like GGOs. Lesion 
with vague margin. 
Bronchial wall thickening.

Normal WBC 
count. Low 
lymphocyte count 
in Influenza B. No 
significative 
difference 
between two 
groups. RT-PCR.

pts: Patients; GGO: Ground-glass opacity; ILD: Interstitial lung disease; CAP: Community acquired pneumonia; WBC: White blood count; hs-CRP: High 
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sensitivity C-reactive protein; RT-PCR: Reverse transcriptase polymerase chain reaction; SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2; 
PCT: Procalcitonin; COVID-19: Coronavirus disease 2019; CRP: C-reactive protein.

advanced cases distinguished systemic sclerosis-related interstitial lung disease from 
interstitial pneumonia, as reported by Orlandi et al[17].

According to Shenavandeh et al[18], pulmonary nodules, mass lesions, and consol-
idation caused by lung hemorrhage and infarction due to small vessel vasculitis were 
typical for granulomatosis with polyangiitis.

Finally, extensive patchy exudates and consolidations in both lungs, faint GGOs on 
edge, and interlobular septal thickening were characteristic features for rheumatic 
pneumonia observed by Dai et al[16].

Although GGOs and consolidation characterized pulmonary contusion (usually 
caused by traffic accidents, falls, bumps, and crashes), a higher proportion of consolid-
ations often associated with bilateral pleural effusion and subpleural atelectasis was 
observed when compared to COVID-19 disease. In addition, the radiological evolution 
was different in the two illnesses. No signs or few sheet shadows may be observed in 
pulmonary contusion 4-6 h after injury. The lung returned to normal after 7-10 d. 
Otherwise, in the case of COVID-19, the radiological pattern was long-lasting[20].

As in COVID-19 disease, bilateral GGOs with multilobe central and peripheral 
involvement were observed by Mazouz et al[19] in the case of fat embolism.

Differential diagnosis between COVID-19 pneumonia and cancer-related lung 
lesions
One out of two studies including cancer patients investigated the difference between 
COVID-19 disease and pulmonary toxicities caused by radiotherapy. GGOs with par-
tial consolidation, lung fibrosis characterized by linear scarring, air bronchograms, 
irregular intralobular or interlobular septal thickening were typical radiation pneu-
monitis features. With the onset within 6 mo after completing radiotherapy and 
limited distribution to the irradiation field, CT lesions were distinguished from 
COVID-19 pneumonia by Zeng et al[28].

The study on cancer patients conducted by Zhang et al[29] focused on the simi-
larities and discrepancies between COVID-19 pneumonia and early lung cancer. 
Although GGOs, air bronchogram, and cystic changes were present in both diseases, 
some differences were observed. Pure and mixed GGOs were most frequent in lung 
cancer, while COVID-19 patients tended to have more than one type of lung lesion. 
Contrary to COVID-19 pneumonia, characterized by patchy and bilateral lesions, 
unilateral and oval lesions were predominant in lung cancer patients. Air broncho-
gram was prevalent in COVID-19 patients, in contrast with cystic changes in lung 
cancer patients. Some radiological features were present only in COVID-19 pneu-
monia, such as reticular pattern, subpleural linear opacity, bronchial dilatation, 
centrilobular nodu-le, and the tree-in-bud sign. On the other hand, lobulated signs, 
pleural retraction, and vessel convergence signs were present in lung cancer patients 
but absent in those with COVID-19. More lobes and segments were involved in 
COVID-19 pneumonia compa-red to early lung cancer.

Differential diagnosis between COVID-19 pneumonia and another infective 
pneumonitis
In a retrospective study, Himoto et al[27] used five chest CT criteria to distinguish 
COVID-19 pneumonia from other infective respiratory diseases, such as Pneumococcal 
pneumonia, Moraxella pneumonia, Legionella pneumonia, not-specified bacterial or 
viral pneumonia, Pneumocystis pneumonia, and non-specific interstitial pneumonia. 
The differential patterns evaluated were: (1) GGO-predominant lesions; (2) GGO- and 
peripheral-predominant lesions; (3) bilateral GGO-predominant lesions; (4) bilateral 
GGO- and peripheral-predominant lesions; and (5) bilateral GGO- and predominant 
peripheral lesions without nodules, airway abnormalities, pleural effusion, and me-
diastinal lymphadenopathy. Compared to other infective respiratory diseases analy-
zed, COVID-19 pneumonia had bilateral GGO- and peripheral-predominant lesions 
without airway abnormalities, mediastinal lymphadenopathy, and pleural effusion
[27].

Luo et al[22] developed an imaging score to distinguish COVID-19 pneumonia and 
non-COVID-19 pneumonia (Influenza pneumonia, Pneumocystis carinii pneumonia, 
Mycoplasma pneumonia, and CAP). Seven positive signs were identified: posterior 
part/lower lobe predilection, bilateral involvement, rounded GGO, subpleural band-
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like GGO, crazy-paving pattern, peripheral distribution, and GGO with or without 
consolidation. Only one-lobe involvement, only central distribution, the tree-in-bud 
sign, and bronchial wall thickening were considered negative signs. The score ranged 
from -4 to 7 and was significantly higher in the COVID-19 group than in the non-
COVID-19 group. Both diseases shared GGOs with or without consolidation. The tree-
in-bud sign was observed in non-COVID-19 patients only. Rounded and subpleural 
bandlike GGO were more common in COVID-19 patients.

Similarly, other authors found that pure/mixed GGOs, interlobular septal thi-
ckening, crazy-paving patterns, halo signs, and consolidation were common both in 
COVID-19-positive and negative patients. The unique CT finding, potentially typical 
of COVID-19 disease, was a peripheral distribution of the pulmonary lesions[26] and a 
high proportion of rounded opacities. Bronchial wall thickening was a characteristic 
sign of Mycoplasma pneumonia[32].

Although GGOs and consolidations were present in both other viral pneumonia 
(adenovirus, influenza, parainfluenza, rhinovirus, and others) and COVID-19, central 
plus peripherical distribution, air bronchogram, pleural thickening, pleural effusion, 
and lymphadenopathy were more frequent in viral pneumonia[21].

Two studies investigated the differential radiological manifestations of COVID-19 
lung disease and CAP. By using a new radiological model, Li et al[24] observed that 
CAP was characterized more often by nodular or consolidation shadows with or 
without patchy GGOs and more rarely by subtle mesh changes, dilatated small ve-
ssels, bronchiectasis, and lesion with the long axis parallel to the pleura compared to 
COVID-19 pneumonia. Moreover, lymphadenopathy, pleural effusion, pleural and 
bronchial wall thickening, fibrous tissue, lung cavity, and bullae were detected by 
other authors in CT scans of CAP affected patients, while these findings were absent or 
more rarely in COVID-19 patients[25]. Similar radiological signs were observed by 
Zhou et al[31] in Streptococcus pneumoniae CAP.

Consolidation, nodules, pleural effusion, and tree-in-bud signs were the radiological 
manifestation in influenza pneumonia in the analysis by Liu et al[23] and Zhao et al
[33]. The distribution of the lesions (bilateral lobe vs inferior lobe), their margin (clear 
vs vague), and the GGO lesion involvement pattern (patchy or GGO associated with 
consolidation vs cluster-like involvement) distinguished COVID-19 from influenza 
pneumonia, according to Wang et al[30].

DISCUSSION
The current review focuses on the differential diagnosis between COVID-19 disease 
and other respiratory and non-respiratory disorders.

Since the early phase of the pandemic, radiological imaging has been employed to 
assess the suspicion of COVID-19 pneumonia in patients selected by clinical triage, 
demonstrating the potential for a standardized assessment of the degree of pulmonary 
involvement and prognostication purposes. Moreover, it has been used as a tool 
capable of complementing the limited sensitivity and time-consuming laboratory 
testing process for the SARS-CoV-2 infection detection[34-37].

Such a practical approach has found application in an unprecedented pandemic 
scenario, where the prevalence of the disease was extraordinarily high, with the 
awareness that the imaging findings of COVID-19 pneumonia were non-specific as 
reflecting the diffuse alveolar damage and organizing pneumonia with features shared 
by a broad spectrum of disorders[38,39]. Despite the increasing knowledge about 
radiological imaging’s role in the pandemic, the actual diagnostic performance of di-
fferent imaging modalities is still unclear, with reported specificities and sensitivities 
depending on several factors, from the duration of symptoms to the pre-test pro-
bability of the disease. Without articulating the relative merit of X-ray or lung ul-
trasound vs CT, the latter is generally recognized as more sensitive for early pa-
renchymal disease, disease progression, and differential diagnoses, including acute 
heart failure and pneumonia caused by other pathogens[40]. Remarkably, caution is 
warranted when analyzing data about the specificity and sensitivity of CT in detecting 
COVID-19 pneumonia, as some of the most cited studies from the radiology literature 
seem to suffer from limitations that may lead to overreaching conclusions[16,41-43]. 
Among the studies included in the present analysis, Bai et al[21] recruited the most 
extensive study population in which differences between COVID-19 and viral 
pneumonia were evaluated[21]. Though these authors concluded that radiologists are 
likely to distinguish COVID-19 from viral pneumonia on chest CT with high spe-
cificity (i.e., up to 94%), the lack of training information or specific diagnostic criteria in 
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their study suggests that such results could have been overestimated.
Similarly, other studies included in the present analyses should be interpreted with 

caution due to limitations such as selection bias or the relatively limited number of 
patients. Given this awareness, it is noticeable how some CT imaging findings, namely 
mucoid impactions, centrilobular nodules, lobar consolidation, and significant pleural 
effusion, have been consistently found to be less frequent in COVID-19 than in other 
types of pneumonia (Figures 2-4). Thus, they are potentially helpful in everyday pra-
ctice to complement clinical data in triaging acute respiratory patients[22,23,25,31,44]. 
Notably, radiologists need to have consciousness of ancillary findings that can be 
encountered in association with typical pulmonary features of COVID-19 pneumonia, 
possibly mimicking diseases other than COVID-19 (e.g., centrilobular solid nodules: 
polyhedral in shape and close to enlarged vessels within ground-glass opacities in 
COVID-19 pneumonia, while rounded or branching in minor airway diseases)[45].

Imaging findings typical of interstitial pneumonia may be found in asymptomatic 
COVID-19 patients[46]. Interestingly, incidental GGO showing accumulation of flu-
orine-18 fluorodeoxyglucose at the positron-emission tomography scan has been 
described in cancer patients with SARS-CoV-2 infection, raising the suspicion of tumor 
progression in cases of a false-negative RT-PCR result[47-49]. In those situations, an 
approach that includes a comparison with recent chest CT findings, as well as a close 
follow-up, would be appropriate.

When dealing with cancer patients, COVID-19 needs to be considered among di-
seases that may confound staging or treatment response assessment[50]. For obvious 
reasons, special attention will need to be given to patients being screened or treated for 
lung cancer. In our experience, different etiopathogenetic factors can coexist, and their 
respective inflammatory phenomena can be overlapped in the same patient, as shown 
in Figure 5, collecting the different CT patterns of five cancer patients who underwent 
differential diagnosis for pneumonitis.

Besides cancer progression, COVID-19 pneumonia has been investigated as a mimi-
cker of early lung cancer, both potentially displaying as single or multifocal GGOs
[29]. Unsurprisingly, in their retrospective study, Zhang et al[29] found a single loca-
tion and nodular morphology as significantly more frequent in lung cancer than in 
COVID-19[29]. Although the authors are alert about the consequences of an inappro-
priate surgical approach in these patients, it is reasonable to assume that evaluating 
the temporal evolution of CT findings, symptoms, and molecular test results would 
allow avoiding such a diagnostic and therapeutic pitfall in most cases.

Radiotherapy and oncologic treatment, such as target therapy and immunotherapy, 
may induce lung toxicity, mimicking COVID-19 illness. Zeng et al[28] recruited 
suspected COVID-19 patients diagnosed with cancer and treated with radiation to 
explore the differential diagnosis between COVID-19 pneumonia and radiation pneu-
monitis. The location, extent, and distribution of the lung CT abnormalities were 
considered useful to differentiate these two entities, with acute radiation-induced 
pneumonitis usually displaying GGOs or consolidation in the irradiated lung in con-
trast to the predominantly peripheral, subpleural opacities described in COVID-19 
pneumonia. Otherwise, the differential diagnosis between COVID-19 and immuno-
related pneumonia is likely to be less straightforward. The issue is highly relevant, 
especially considering the expanding immune checkpoint inhibitor indications and 
their potential to induce unique pulmonary toxicities[51,52]. Pneumonitis is a rare but 
potentially severe side effect of immune checkpoint inhibitors, involving 2.7% of the 
patients treated with anti-programmed cell death 1 and anti-programmed death-
ligand 1 monotherapy and 6.6% of the patients receiving the combination of anti-
programmed cell death 1 and anti-cytotoxic T-lymphocyte antigen 4[53]. Several 
clinical and radiological presentations have been described. Dyspnea and cough are 
the most frequent symptoms, while fever occurs in 12% of cases[54]. These clinical 
manifestations could be further confounding for the differential diagnosis. From a 
radiology perspective, COVID-19 and immune-related pneumonia have a range of 
imaging manifestations that can substantially overlap, particularly in cases of or-
ganizing pneumonia pattern (i.e., the most common pattern seen across all tumor 
treatments and regimens) and when leading to diffuse GGO and consolidation as a 
result of diffuse alveolar damage[51,52]. The varying sensitivity of molecular con-
firmation of SARS-CoV-2 infection and the low specificity of both entities’ clinical 
manifestation renders even more complicated the correct diagnosis, mostly requiring a 
multidisciplinary discussion before deciding on patient management[55]. However, 
the simultaneous presence of other immune-related adverse events, such as diarrhea, 
skin toxicities, and thyroid alterations, with or without a high level of inflammatory 
factors (i.e., interleukin-6, C-reactive protein) involved in the cytokine storm (the latter 
also shared with COVID-19), could lead to the hypothesis of pneumonitis most likely 
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Figure 2 Axial computed tomography image of a 36-year-old man shows nodular (arrowheads) and peribronchovascular branching 
(orange arrows) opacities along with bronchial wall thickening (white arrow), which suggest a diagnosis other than coronavirus disease 
2019 pneumonia. The patient was diagnosed with Mycoplasma pneumoniae pneumonia.

Figure 3 Axial computed tomography image shows right lung consolidation (arrow) and unilateral pleural effusion (arrowhead) in a 64-
year-old man with bacterial pneumonia.

Figure 4 Axial computed tomography image in a 50-year-old woman diagnosed with bronchopneumonia shows confluent centrilobular 
nodules (arrows) and consolidation (arrowheads) mostly located in the lower lobes.

due to immunotherapy.
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Figure 5 Axial computed tomography image. A: Axial computed tomography (CT) image of a 45-year-old patient with coronavirus disease 2019 showing left 
peripheral consolidation with perilobular distribution (arrows) suggesting organizing pneumonia; B: Axial CT image showing bilateral ground-glass opacities distributed 
in the subpleural regions (arrows) in a renal cancer patient confirmed with coronavirus disease 2019 pneumonia; C: Axial CT image showing multifocal ground-glass 
opacities in the right lung (orange arrows) and nodular consolidation (black arrow) in a renal cancer patient diagnosed with immune-related pneumonitis after 
treatment with nivolumab; D: Axial CT image of a patient suffering from immune-related pneumonitis showing multifocal, bandlike consolidation in the left lower lobe 
(arrows) with peripheral sparing (asterisk) suggesting organizing pneumonia; E and F: The last is a case of immune-related pneumonitis in a patient undergoing 
ipilimumab plus nivolumab for metastatic soft tissue sarcoma, whose baseline axial CT image (E) shows bilateral solid metastatic nodules; the axial CT image 
obtained after starting immunotherapy (F) shows new multifocal ground-glass opacities (orange arrows) with interval enlargement and an increasing number of 
pulmonary nodules (black arrow).

In addition to immune checkpoint inhibitors, other anticancer drugs such as tyro-
sine kinase inhibitors (i.e., gefitinib, erlotinib, crizotinib, osimertinib, panitumumab, 
cetuximab, and others), mTOR inhibitors (everolimus, temsirolimus), and chemothe-
rapy (topotecan, bleomycin, gemcitabine, and others) can induce an interstitial pneu-
monitis[56]. To date, neither radiological nor clinical features can help the physician in 
the differential diagnosis. The rapid development of cardiovascular complications, 
such as acute pericarditis, left ventricular dysfunction, acute myocardial injury, 
embolic complications due to coagulopathy, such as disseminated intravascular 
coagulation, venous thromboembolism, or massive pulmonary embolism, with or 
without detection of the virus, can address the diagnosis of COVID-19[57].
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Although lymphopenia and a high level of D-dimer and C-reactive protein are often 
identified in COVID-19 patients, these laboratory findings are not unique and are 
inadequate to address the proper diagnosis, especially in cancer patients.

Our systematic review has several limitations, including the mostly retrospective 
nature and the heterogeneity of the included studies.

CONCLUSION
The patient’s global view of epidemiological, clinical, radiological, and laboratory 
elements could help the physician overcome the diagnostic difficulties in the COVID-
19 era.

ARTICLE HIGHLIGHTS
Research background
Several radiological features are shared by coronavirus disease 19 (COVID-19) pneu-
monia and other infective or non-infective pulmonary diseases.

Research motivation
The differential diagnosis of COVID-19 pneumonia is a radiological challenge.

Research objectives
To identify crucial radiological features of COVID-19 pneumonia reported by the 
literature and their differential diagnosis.

Research methods
We performed a systematic review with a descriptive aim.

Research results
Ground-glass opacity and consolidations are the most common computed tomography 
lesions in COVID-19 pneumonia and other respiratory diseases. Of the identified 133 
studies, 18 were eligible and included in this review. Single lesion associated with 
pleural effusion and lymphadenopathies distinguishes COVID-19 pneumonia from 
early lung cancer. Only two studies included cancer patients, and the differential 
diagnosis with early lung cancer and radiation pneumonitis was performed. The onset 
of the lesions in the radiation fields only allows the differential diagnosis between 
COVID-19 pneumonia and radiation pneumonitis.

Research conclusions
Computed tomography scan is essential for the differential diagnosis of drug-induced 
pneumonitis, infectious pneumonia, and other conditions such as cancer progression.

Research perspectives
The focus on patients with cancer evidenced a wide lack of data in this field, sugges-
ting at least retrospective collection of data in this population.
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Abstract
Since the outbreak of the coronavirus disease 2019 (COVID-19) pandemic, over 
103214008 cases have been reported, with more than 2231158 deaths as of January 
31, 2021. Although the gold standard for diagnosis of this disease remains the 
reverse-transcription polymerase chain reaction of nasopharyngeal and 
oropharyngeal swabs, its false-negative rates have ignited the use of medical 
imaging as an important adjunct or alternative. Medical imaging assists in 
identifying the pathogenesis, the degree of pulmonary damage, and the charac-
teristic features in each imaging modality. This literature review collates the 
characteristic radiographic findings of COVID-19 in various imaging modalities 
while keeping the preliminary focus on chest radiography, computed tomography 
(CT), and ultrasound scans. Given the higher sensitivity and greater proficiency in 
detecting characteristic findings during the early stages, CT scans are more 
reliable in diagnosis and serve as a practical method in following up the disease 
time course. As research rapidly expands, we have emphasized the CO-RADS 
classification system as a tool to aid in communicating the likelihood of COVID-19 
suspicion among healthcare workers. Additionally, the utilization of other scoring 
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systems such as MuLBSTA, Radiological Assessment of Lung Edema, and Brixia 
in this pandemic are reviewed as they integrate the radiographic findings into an 
objective scoring system to risk stratify the patients and predict the severity of 
disease. Furthermore, current progress in the utilization of artificial intelligence 
via radiomics is evaluated. Lastly, the lesson from the first wave and preparation 
for the second wave from the point of view of radiology are summarized.

Key Words: Coronavirus; COVID-19; Computed tomography; Ultrasound; MuLBSTA 
Scoring system; Radiological Assessment of Lung Edema classification; Brixia score
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Core Tip: Since there is a rapid expansion and knowledge regarding the radiological 
findings in coronavirus disease 2019 (COVID-19), it is important to condense and 
collate the most important findings into a one-stop guide. We tried to undertake the 
same and provide digital images with markings that would be helpful for anyone 
interested in understanding the typical radiological features alongside the evidence-
based findings of COVID-19 pneumonia. Additionally, we highlight and provide 
evidence-based findings regarding the predominantly utilized clinical scoring systems 
that integrate radiology.
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INTRODUCTION
The current standard for the definitive diagnosis of coronavirus disease 2019 (COVID-
19) is reverse-transcription polymerase chain reaction (RT-PCR) from the upper 
respiratory tract via nasopharyngeal and oropharyngeal swabs[1]. The diagnostic 
accuracy of real-time RT-PCR is as high as 95%[2]. However, the limitations of RT-PCR 
lies in its much lower diagnostic accuracy; it has high specificity but variable 
sensitivity ranging from 60%-70% to 95%-97%, respectively[3-5].

Medical imaging plays a key role in assisting the clinical decisions made towards 
the diagnosis, management, and follow-up of COVID-19 patients. This review presents 
the current literature related to the characteristics and key findings of COVID-19 in 
common radiological imaging modalities such as chest x-rays (CXRs), computed 
tomography (CT), and lung ultrasonography (LUS). To objectively stratify the severity 
of COVID-19, CXRs and CT scans are used in conjunction with various classifications 
systems such as CO-RADS, MuLBSTA, and the Radiological Assessment of Lung 
Edema (RALE) to facilitate the appropriate evaluation and treatment for infected cases. 
These are also explored within this review. Other imaging modalities such as magnetic 
resonance imaging (MRI), positron emission tomography (PET), and echocardio-
graphy are less commonly used but can be ordered to assess certain complications and 
treatment responses. Prior to reviewing these topics, the fundamental basics of 
COVID-19 pathophysiology are highlighted in the following section.

Pathophysiology of COVID-19 
Aerosolization of respiratory droplets containing the severe acute respiratory 
syndrome coronavirus-2 (SARS-CoV-2) is the primary mode of transmission of 
COVID-19. The SARS-CoV-2 virion can further inoculate the mucous membranes via 
the facial T-zone (eyes, nose, and mouth). The current suggested model of 
pathogenesis for SARS-CoV-2 infection is composed of three phases: Viral replication, 
hyperactive immune system, and pulmonary destruction[6]. These phases are 
discussed in the following subsections.
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Viral replication
Viral particles manifest their infectivity through replication within the host cell in the 
following five steps: Attachment, penetration, biosynthesis, maturation, and release
[7]. SARS-CoV-2 binds with high affinity to angiotensin-converting enzyme 2 (ACE2) 
receptors and transmembrane protease serine 2 (TMPRSS2) receptors. Interestingly the 
ACE2 receptors are predominantly expressed with high density within the type II 
pneumocytes of the lung[8]. These receptors are also found in the heart (pericytes), 
ileum (enterocytes), kidney (podocytes), and bladder (urothelial cells)[8]. Once SARS-
CoV-2 attaches to host receptors (ACE2 and TMPRSS2), the virion fuses with the 
membrane and enters the cell via endocytosis. Subsequently, inside the cell, the viral 
RNA enters the nucleus and alters the replication machinery to biosynthesize viral 
proteins. Upon maturation of the new viral particles, they are released to infect and 
continue their vicious cycle in other nearby cells[7].

Hyperactive immune system
Immune hyperactivity is a result of the stress-induced apoptosis of the affected cells 
and the viral RNA being recognized as a foreign genome by Toll-like receptors[9]. This 
leads to a cytokine storm (release of tumor necrosis factor, interleukin 6 [IL-6], IL-1β,

C-C motif chemokine ligand 2), which is stimulated by macrophages and dendritic 
cells and causes the infiltration of several inflammatory mediators in the alveolar-
capillary interface[9]. Since there is a high density of ACE2 receptors along the 
peripheries of the lung parenchyma, the majority of damage early on is seen at these 
sites as a characteristic pulmonary ground-glass opacity (GGO) detected by a CT scan.

Pulmonary destruction
Although the purpose of inflammatory mediators is to fight against the virus until 
development of the adaptive immune system, their excessive infiltration damages this 
membrane, causing a build-up of fluid within the alveolar sacs and lung injury that 
further reduces ventilation[10]. The migration of fluid into the alveolar sacs is 
governed by the imbalance in Starling forces; F = k ([Pc - Pa] - s [πc - πa])[11]. The diffuse 
alveolar damage caused by the viral particles results in an increased capillary wall 
permeability (high k value), thereby increasing the force at which fluid migrates from 
the capillaries to the alveolar space. Figure 1 summarizes the findings of Gralinski et al
[12] as an illustration of the progressive development within an infected alveolus, both 
pathologically and radiologically[12]. The normal alveolar wall is comprised of type I 
and II pneumocytes, while the alveolar macrophages and surfactant reside in the 
alveolar space. In an acute setting of infection, the pneumocytes secrete inflammatory 
cytokines and exhibit cytopathic effects, while surfactant levels decrease. As the 
disease progresses, ventilation is impeded as pulmonary edema and airway debris 
coincide within the alveolar spaces, alongside the formation of hyaline membrane. 
Radiologically, the initial features of localized pulmonary edema is seen as GGOs 
(highly attenuated patches on CXR/CT) and as the severity of tissue damage increases, 
the pulmonary edema becomes more diffuse and is seen as wide areas of consolidation 
on the chest imaging modalities[13].

The radiodensities vary between each material and can be quantified using the 
Hounsfield scale, measured as Hounsfield units. Air, lung, ground glass, water, 
consolidation, and metal have radiodensities of -1000, -900, -800 to -100, 0, 30, and > 
100, respectively[14]. The varying radiodensity of ground glass is associated with the 
severity of tissue damage and pulmonary edema as a more severe alveolar damage 
would elicit a higher radiodensity due to a greater fluid accumulation. Extreme tissue 
damage with complete alveolar consolidation presents as increased attenuation with 
anomalous opacities on chest imaging.

CHEST RADIOGRAPHY AND CT IMAGING 
The role of imaging during the COVID-19 pandemic has yet to be fully explored. CXR 
and chest CT scans are not an official primary component of diagnosis but rather a 
supporting feature for diagnosis specifically to determine severity and the appropriate 
treatment response required. The high rate of false-negative results and fear of viral 
spread during sample transfers in RT-PCRs show the need for a systematic approach 
in the diagnosis of COVID-19 through a combination of clinical signs and radiological 
findings on CXR and CT, which are important in determining the severity of disease 
and guiding treatment responses[15]. It is important to note that chest CTs have the 
additional advantage of detecting changes of COVID-19 pneumonia in asymptomatic 
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Figure 1  Model of infected lung through pathological and radiological perspectives.

patients[16].

CLASSICAL FINDINGS IN CHEST RADIOGRAPHY
Admitted in-patients presenting with COVID-19 provide a large repository of 
radiological images due to the ease of evaluations via solitary portable CXR. Findings 
of COVID-19 on CXR include hazy opacification, which is the radiographic equivalent 
to GGO found on a chest CT scan. These hazy opacifications have a predilection for the 
basal lung and its peripheries. These opacifications may be unilateral or bilateral. In 
severe cases, the middle to upper fields of the lung may become affected. In the 
penultimate disease stage (days 10-12), the areas of opacity coalesce and become 
denser. This presents as patchy consolidates similar to the pattern of acute respiratory 
distress syndrome (ARDS)[13]. The compilation of diagnostic factors such as signs, 
symptoms, oxygen saturation, and CXR appearance can offer a faster and inexpensive 
method for severity assessment. Most notable CXR findings included bilateral chest 
involvement 76.8% (95% confidence interval [CI]: 62.5%-87%), consolidation 75.5% 
(95%CI: 50.5%-91%), GGO 71% (95%CI: 40%-90%), and unilateral chest involvement in 
16.5% (95%CI: 8.5%-29.5%)[17]. Some less common CXR findings include reticular 
interstitial thickening in 39.9% (n = 107/268), nodules 9.3% (n = 25/268), and pneumo-
thorax, or pleural effusion (1%-3%)[18]. These findings could be a consequence of 
COVID-19 or pre-existing comorbidities, or just coincidental. Figure 2 shows a 
collection of chest radiographs with abnormal findings with a background of a 
positive SARS-CoV-2 PCR test. Examples of bilateral patchiness (Figure 2A), unilateral 
GGO (Figure 2B), pneumothorax (Figure 2C), and linear patchiness (Figure 2D) are 
modified from Singh et al[15], Martini et al[19], Rampa et al[20], and Kaufman et al[21]. 
Examples of nodular (Figure 2E) and reticular consolidations (Figure 2F) are modified 
from Yasin et al[22].

One large study (n = 1198) showed that the sensitivity and specificity of CXR for 
detecting features of COVID-19 pneumonia were 56% (95%CI: 51%-60%) and 60% 
(95%CI: 54%-65%), respectively[23]. In comparison, the chest CT provides an increase 
in sensitivity by 29% (95%CI: 19%-38%) in comparison to CXR[23]. This variable 
explains the limited usage of CXR in the screening, diagnosis, or follow-up of COVID-
19 patients.
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Figure 2 A collection of chest radiographs that displays some of the common and rare findings of coronavirus disease 2019 pneumonia
[15,19-22]. A: Bilateral patchiness; B: Unilateral ground glass opacification; C: Subcutaneous emphysema secondary to a pneumothorax; D: Linear and patchy 
interstitial infiltrate in the right basal zone; E: Nodular appearance of the right lobe parenchyma; F: reticular appearance of the consolidation bilaterally. A: Citation: 
Singh B, Kaur P, Reid RJ, Shamoon F, Bikkina M. COVID-19 and Influenza Co-Infection: Report of Three Cases. Cureus 2020; 12: e9852. Copyright ©The Author(s) 
2020. Published by Cureus; B: Citation: Martini K, Blüthgen C, Walter JE, Messerli M, Nguyen-Kim TD, Frauenfelder T. Accuracy of Conventional and Machine 
Learning Enhanced Chest Radiography for the Assessment of COVID-19 Pneumonia: Intra-Individual Comparison with CT. Journal of Clinical Medicine 2020;.9: 3576 
Copyright ©The Author(s) 2020. Published by MDPI, Basel, Switzerland; C: Citation: Rampa L, Miceli A, Casilli F, Biraghi T, Barbara B, Donatelli F. Lung complication 
in COVID-19 convalescence: A spontaneous pneumothorax and pneumatocele case report. Journal of Respiratory Diseases and Medicine 2020; 2. Copyright ©The 
Author(s) 2020. Published by Open-access article; D: Citation: Kaufman A, Naidu S, Ramachandran S, Kaufman D, Fayad Z, Mani V. Review of radiographic findings 
in COVID-19. World Journal of Radiology 2020; 12: 142-55. Copyright ©The Author(s) 2020. Published by Baishideng Publishing Group Inc; E and F: Citation: Yasin 
R, Gouda W. Chest X-ray findings monitoring COVID-19 disease course and severity. The Egyptian Journal of Radiology and Nuclear Medicine 2020; 51: 193. 
Copyright ©The Author(s) 2020. Published by BMJ.

CLASSICAL CT FINDINGS OF COVID-19 PNEUMONIA 
While CXR is a practical method of screening, a recent meta-analysis showed that 
chest CTs are superior in the screening and assessment of COVID-19 pneumonia due 
to its increased sensitivity of 91.9% (95%CI: 89.8%-93.7%)[2]. CT is proficient in 
detecting early signs of COVID-19 pneumonia in comparison to CXR. This is evident 
by the detection of early-stage GGOs and consolidative opacities, which are often not 
visible on CXR or may appear normal with minimal interstitial markings[24]. In 
similar patients where CXR detects minimal interstitial markings, subtle opacities, or 
occult signs, CT would display identifiable GGO. Figure 3 shows a summary of the 
meta-analysis of classical and ancillary CT imaging findings by Bao et al[25].

Ancillary late-stage CT finding of COVID-19 pneumonia includes crazy-paving, 
which is defined by the Fleischner Society as diffuse GGO with superimposed 



Pal A et al. Review of COVID-19 radiographic findings

WJR https://www.wjgnet.com 263 September 28, 2021 Volume 13 Issue 9

Figure 3 Summary of the frequency distribution of classical and ancillary computed tomography imaging findings in coronavirus disease 
2019 pneumonia. The whiskers indicate the 95% confidence interval. GGO: Ground-glass opacity.

thickened intralobular lines and interlobular septa. The discovery of crazy-paving on a 
CT image is radiographic evidence of progressive COVID-19[26]. Additionally, diffuse 
patchy consolidation with reticular configuration becomes more predominant later in 
the disease course. Other classical chest CT findings that rule-in COVID-19 are lateral-
ization of GGO early in the disease course, with multifocal, bilateral, and basilar lobe 
predominance, peripheral GGO with a rounded or oval morphology[18]. Figure 4 
shows a collection of some notable classical chest CT findings in the axial plane of 
COVID-19 patients. Examples of classical findings such as GGOs (Figure 4A), air 
bronchograms (Figure 4B), bronchial thickening (Figure 4E), and pleural adhesions 
(Figure 4F) are all modified from Fu et al[27]. Additionally, examples of GGO super-
imposed with consolidation (Figure 4D) and crazy paving sign (Figure 4C) are 
modified from Gillespie et al[26] and Ali et al[28].

Additionally, Figure 5 shows the common lobes wherein classical CT findings of 
COVID-19 are distributed based on the findings of a meta-analysis by Bao et al[25]. 
Although the exact mechanism is unidentified, the increased incidence of findings in 
the lower lobes may be related to the anatomical structure of the trachea and bronchi, 
alongside the gravitational force that allows the virion particles to settle at the base 
more readily. Furthermore, since the right main bronchus bifurcates at a smaller angle 
and is wider than the left main bronchus, the virion particles can travel more easily 
towards the right lower lobe.

NON-CLASSICAL CT FINDINGS OF COVID-19 PNEUMONIA
Less commonly reported imaging findings that may help to rule-in COVID-19 is 
subsegmental vascular engorgement[29]. Furthermore, another uncommon but 
positive feature that rules in COVID-19 is the atoll sign on CT, also referred to as the 
reverse halo sign[18]. This is defined as a focal rounded area of GGO which is 
surrounded by a complete or nearly complete ring of denser consolidation which is 
observed on CT[30]. Other causes of the reverse-halo sign may be chronic lung injury, 
and notably, may raise the concern of pulmonary infarction. Interestingly, one meta-
analysis indicates that these non-classical CT findings might be more common than 
previously predicted. Figure 6 shows the summary of results from a meta-analysis 
conducted by Ojha et al[31] to tabulate the incidence of non-classical CT findings in 
COVID-19 patients.

Figure 7 displays a collection of chest CTs in the axial plane that are examples of the 
ancillary findings in COVID-19. Examples of vascular enlargement (Figure 7A) are 
modified from Kwee et al[32]. Examples of subpleural curvilinear opacities (Figure 7B) 
and reverse halo sign (Figure 7F) are modified from Kong et al[33]. Additionally, 
examples of reticular pattern (Figure 7C), pulmonary nodules (Figure 7D), and 
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Figure 4 A collection of chest computed tomography that displays some of the classical findings of coronavirus disease 2019 
pneumonia[26-28]. A: Ground-glass opacity (GGO); B: Consolidation and air bronchogram; C: Crazy paving; D: GGO superimposed with consolidation; E: 
Bronchiectasis, reticular thickening, with vascular enlargement; F: Pleural adhesion. A, B, E and F: Citation: Fu Z, Tang N, Chen Y, Ma L, Wei Y, Lu Y, Ye K, Liu H, 
Tang F, Huang G, Yang Y, Xu F. CT features of COVID-19 patients with two consecutive negative RT-PCR tests after treatment. Science Report 2020; 10: 11548. 
Copyright ©The Author(s) 2020. Published by Springer Nature; C: Citation: Gillespie M, Flannery P, Schumann JA, Dincher N, Mills R, Can A. Crazy-Paving: A 
Computed Tomographic Finding of Coronavirus Disease 2019. Clinical Practice and Cases in Emergency Medicine 2020; 4: 461-463. Copyright ©The Author(s) 
2020. Published by UC Irvine; D: Citation: Ali TF, Tawab MA, ElHariri MA. CT chest of COVID-19 patients: what should a radiologist know? Egyptian Journal of 
Radiology and Nuclear Medicine 2020; 51: 120. Copyright ©The Author(s) 2020. Published by Springer Nature.

bilateral hilar lymphadenopathy (Figure 7E) are modified from Meirelles et al[34], 
Zhang et al[35], Mughal et al[36], respectively.

Negative features that rule-out COVID-19 include lobar consolidation, which is 
more commonly seen in bacterial pneumonia rather than COVID-19 pneumonia, along 
with lack of GGO. Moreover, in early disease, there is a notable absence of features 
such as pleural effusion, mediastinal lymphadenopathy, lung cavitation and discrete 
pulmonary nodules such as the tree-in-bud sign in centrilobular nodules[24]. 
Ultimately, CT has an extremely high sensitivity of 94% in the detection of COVID-19; 
however, due to multiple pathologies which may be causative for the features seen in 
CT; CT has a particularly poor, and varying specificity of 25%-80%[37].

NON-COVID-19 CAUSES OF GGO
There are many causative pathologies unrelated to COVID-19, which may present as 
GGO on imaging, and this is the reason for the low specificity of CT imaging (25.1%, 
[95%CI: 21.0%-29.5%]) in diagnosing COVID-19 pneumonia[2]. Acute causes have 
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Figure 5 Summary of the frequency distribution of lesions in the lung lobes on computed tomography imaging of coronavirus disease 
2019 patients. CI: Confidence interval; LLL: Left lower lobe; LUL: Left upper lobe (LUL); RLL: Right lower lobe; RML: Right middle lobe; RUL: Right upper lobe.

Figure 6 Summary of the frequency distribution of classical and ancillary computed tomography imaging findings in coronavirus disease 
2019 pneumonia. The whiskers indicate the 95% confidence interval. The data are adapted from the meta-analysis conducted by Ojha et al[31].

abrupt signs on imaging arising in less than 4 wk. This may be pneumonia caused by a 
myriad of viruses such as influenza A or B, herpes simplex virus type 1, and cytomeg-
alovirus[10]. In addition, acute eosinophilic pneumonia (AEP) may present as bilateral 
patchy GGO areas with interlobular septal thickening[38]. Drug toxicity due to 
cytotoxic drugs such as cyclophosphamide or bleomycin may manifest as scattered or 
diffuse areas of GGO[39]. Additional presentations may be due to chronic diseases 
lasting greater than 4 wk. Chronic eosinophilic pneumonia may also give rise to 
similar signs as AEP. Moreover, early lung cancer such as lung adenocarcinoma may 
be detected early by the appearance of GGO, improving surgical outcomes[40]. 
Ultimately, the varying causes of GGO on imaging demonstrates why CT alone is not 
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Figure 7 A collection of chest computed tomography that displays some of the atypical findings of coronavirus disease 2019 pneumonia
[32-36]. A: Comb sign in the right lobe characterized by vascular enlargement; B: Curvilinear opacities in the subpleural area; C: Reticular pattern bilaterally; D: 
Multiple nodules and cavitation; E: Bilateral hilar lymphadenopathy; F: Atoll sign also known as reverse halo. A: Citation: Kwee TC, Kwee RM. Chest CT in COVID-19: 
What the radiologist needs to know. Radiographics 2020; 40: 1848-1865. Copyright ©The Author(s) 2021. Published by Radiographics; B and F: Citation: Kong W, 
Agarwal PP. Chest imaging appearance of COVID-19 infection. Radiology: Cardiothoracic Imaging 2020; 2: e200028. Copyright ©The Author(s) 2020. Published by 
the Radiological Society of North America, Inc; C: Citation: Meirelles GSP. COVID-19: A brief update for radiologists. Radiologia Brasileira 2020; 53: 320-328. 
Copyright ©The Author(s) 2020. Published by Radiology brasil; D: Citation: Zhang Q, Douglas A, Abideen ZU, Khanal S, Tzarnas S. Novel coronavirus (2019-nCoV) 
in disguise. Cureus 2020; 12: e7521. Copyright ©The Author(s) 2020. Published by Cureus; E: Citation: Mughal MS, Rehman R, Osman R, Kan N, Mirza H, Eng MH. 
Hilar lymphadenopathy, a novel finding in the setting of coronavirus disease (COVID-19): A case report. Journal of Medical Case Reports 2020; 14: 124. Copyright 
©The Author(s) 2020. Published by BMC.

enough to accurately diagnose a patient with COVID-19 without clinical context, 
medication history, and RT-PCR/serology COVID-19 testing.

TIME COURSE: LAGGING OF COVID-19 FEATURES ON RADIOLOGICAL 
IMAGING
Although the preliminary imaging modality for patients presenting with COVID-19 is 
a solitary portable anteroposterior chest radiograph, many patients will have an early 
negative CXR/CT result. This can be due to a lack of macroscopic lung involvement at 
the time of presentation or minute findings on CXR/CT. During the early stages of 
disease (0-3 d), the viral particles take over host cell machinery, replicating and 
inducing a cytokine storm in the form of an acute infection. Gu et al[41] reported that 
nearly 13% of CT scans depict a normal finding in this early phase, while 63.2% of the 
cases exhibit a classical GGO appearance. A proposed hypothesis suggests that the 
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SARS-CoV-2 virion has not accumulated at an adequate density to induce pulmonary 
parenchymal damage. Therefore, the chest CT appears as a minimally hazy opaci-
fication with normal-appearing underlying vessels and bronchial structures. As the 
disease course progresses to the intermediate stage (4-7 d), there will be diffuse 
alveolar damage and GGO evolves into consolidation. The majority of the structures 
on chest CT will appear obscured in comparison to the primary GGO feature seen in 
the early stages. In the final stage (8-14 d), fibrotic lesions are significantly increased 
due to scarring of the lung tissue secondary to the resolution of organizing pneumonia
[42]. Consolidation is also markedly enhanced in over 78% of the cases; however, the 
fibrotic lesions help distinguish the case presentation of late-stage from intermediate-
stage disease in the majority of patients. Figure 8 summarizes the frequencies of 
typical CT findings (GGO, consolidation, fibrosis) based on the temporal stages of 
disease according to data from Gu et al[41].

ULTRASOUND IMAGING
LUS
LUS is an established imaging test for detecting various lung abnormalities, and in the 
context of COVID-19, may help clinicians with the diagnosis and evaluation of disease 
severity. Furthermore, it is useful for prognostic stratification and assessing the 
development of disease, and has assisted with the management of associated 
respiratory complications[43-46]. In comparison to CXR or CT, bedside LUS is faster, 
non-invasive, and radiation-free[47,48]. Point-of-care ultrasound (POCUS) machines 
are portable, allowing clinicians to assess patients at their bedside. This mitigates the 
need for patient mobilization to the radiology unit, thereby decreasing the risk of 
exposure to other patients[49,50]. POCUS is also economical, easy to learn, repeatable, 
and can obtain results of high reproducibility[51,52]. Moreover, POCUS offers an 
alternative imaging modality to triage patients’ COVID risk levels and to streamline 
the pathway to warrant a requisition for second-level imaging or interventional 
management[51]. Heightened transmission of COVID-19 in healthcare workers has 
highlighted the importance of LUS in providing the option of concomitant execution of 
clinical examination and lung imaging at the bedside by the same physician[53,54].

CLASSICAL ULTRASOUND SIGNS: A AND B LINES
A- and B-lines are ultrasonographic artifacts that can be seen during the ultrasono-
graphy of an aerated lung. A-lines are typically horizontal artifacts that represent a 
normal lung surface[55]. B-lines are vertical, comet tail-like artifact indicating 
subpleural interstitial edema, likely representing reverberations generated by 
thickened interlobular septa and other subpleural structures[56]. In a normal lung 
ultrasound, the A-lines are horizontal to pleura and typical B-line patterns include a 
single cone-shaped line, single thin or thick line, or subpleural consolidation without 
air bronchogram[57].

ULTRASONOGRAPHIC PATTERNS IN COVID-19
Clear ultrasonographic patterns can be found in patients with COVID-19. Large 
numbers of B-lines, irregularity of the pleural line, and small clusters of subpleural 
pulmonary consolidations also frequently occur in the posterior and inferior areas[54,
58]. Poggiali et al[44] concluded a strong correlation between LUS findings and 
concurrent CT scans in patients (n = 12) with COVID-19. These results also revealed 
diffuse B patterns and bilateral lung involvement with GGO in all of these patients
[58]. Additionally, both imaging modalities also detected organizing pneumonia in 
four patients[59]. A summary of results from Norbedo et al[59] and McDermott et al
[60] showed typical LUS findings in pediatric and adult patients with COVID-19. The 
literature review conducted by Norbedo et al[59] in pediatric patients (n = 18) with 
COVID-19 revealed LUS findings of B-line vertical artifacts, pleural irregularities, and 
small subpleural consolidations, as well as white patchy lung areas. A similar review 
conducted by Norbedo et al[59] on adult patients (n = 43) with COVID-19 revealed 
consistent LUS findings; irregular B-lines (focal), multifocal and confluent; thickening 
of pleural line with pleural line subpleural consolidations; and a variety of patterns 
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Figure 8 Summarizes the frequencies of chest classical and ancillary computed tomography findings at different stages of disease 
progression (early [n = 155], intermediate [n = 155], and late [n = 155]). Data acquired from Gu et al[41].

including multifocal small, non-translobar, and translobar with occasional mobile air 
bronchograms. The authors also concluded that pleural effusion in COVID-19 patients 
is uncommon[59].

LUS is able to detect dynamic changes associated with COVID-19. The main early-
stage ultrasound finding was focal B-lines, which becomes multifocal and confluent as 
the disease progresses with further development of consolidations. During 
convalescence, B-lines and consolidations gradually disappear and are replaced by A-
lines[57,61,62].

Interestingly, one study showed that LUS findings in patients with COVID-19 
pneumonia exhibited typical patterns consistent with COVID-19 in 38.5% of cases (n = 
52) and atypical patterns in 61.5% of cases (n = 83)[63]. The ability of LUS to diagnose 
COVID-19 can be inferred from its sensitivity of 76.9%, specificity of 77.1%, positive 
predictive value of 57.7%, and negative predictive value of 89.2%[63]. Additionally, 
when comparing LUS to chest CT, the results suggest a sensitivity and specificity of 
65% and 72.7%, respectively[63]. Figure 9 shows a simplified flowchart for triaging 
patients presenting with respiratory symptoms during the COVID-19 pandemic in the 
emergency department as suggested by Schmid et al[63].

12-ZONE SCORING SYSTEM
In clinical practice, there are various scoring systems to quantify the extent of lung 
involvement, and in the context of COVID-19, we observed the most prominent one to 
be the 12-zone scoring system, used as a tool to assess regional and global lung 
aeration in ARDS as well as COVID-19 pneumonitis[61,64-66]. A total of 12 areas in the 
right and left lung are examined, namely the anterosuperior, anteroinferior, laterosu-
perior, lateroinferior, posterosuperior, and posteroinferior lung regions on each side of 
the lung. Scoring of each area is performed in accordance with the most severe lung 
ultrasound finding detected in the corresponding intercostal spaces and is given a 
score from 0-3, tallying up to a maximum of 36. Figure 10 outlines the assessed zone 
and the criteria for each of the values. The Australasian College of Emergency 
Medicine proposed a severity classification of patients based on this score as normal 
(0), mild (1-5), moderate (> 5-15), and severe (≥ 15)[65].

One study by Speidel et al[67] showed that the lung ultrasound scoring system 
(LUSS) had promising diagnostic efficacy with an odds ratio (OR) of 1.30, a 95%CI 
between 1.09 to 1.54 (P = 0.003), and an area under the curve (AUC) of 0.85 (95%CI: 
0.71 to 0.99)[67]. Utilization of a cutoff of 8 of 36 points in participants (n = 10/11) with 
a primary diagnosis of COVID-19 were correctly predicted with a sensitivity of 91% 
(95%CI: 59% to 100%)[67]. In the cohort without a primary diagnosis of COVID-19 
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Figure 9 Shows a simplified flowchart guiding the triage in patients presenting with respiratory symptoms during the coronavirus 
disease 2019 pandemic using lung ultrasonography in the emergency department. 1Unilateral appearance of more than 1 of any 4 criteria means 
coronavirus disease 2019 suspected. COVID-19: Coronavirus disease 2019; LUS: Lung ultrasonography.

(others, n = 38), COVID-19 was correctly ruled out in 29 of these 38 patients (specificity 
= 76%, 95%CI: 60% to 89%)[67]. LUSS, therefore, is a promising screening tool in 
hospitalized patients suspected of COVID-19. A summary of the results by Speidel et al
[67] are shown in Figure 11 of typical LUS findings (B-line, and subpleural consolid-
ations) and LUSS scores at varying lung zones in patients with and without a primary 
diagnosis of COVID-19.

LUS appears to have a promising role in screening clinically suspected or diagnosed 
COVID-19, only when it is implemented as an adjunct with other diagnostic 
modalities. An amalgamation of LUS findings with clinical history, physical exam-
ination, and knowledge of pretest probability will supplement increasing efficacy. 
POCUS may facilitate the physician in undertaking the appropriate management 
pathway or rule in an alternative diagnosis. The practicality of utilization of LUS will 
remain dependent on resource availability, personnel expertise, and flexibility of LUS 
configuration for each situation.

DISADVANTAGES OF LUS
LUS has been criticized for its low specificity in the diagnosis of COVID-19. This is 
because described features including confluent B-lines, consolidations, and irregular 
pleural lines simply refer to the lung surface density state and are not pathognomonic 
for COVID-19[68]. Additionally, LUS cannot detect deep lesions as the aerated 
parenchyma blocks the transmission of ultrasonography. In order for the lesion to 
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Figure 10  Schematic diagram describing the 12-zone assessed using the lung ultrasonography 12-zone scoring method. The criteria for 
each score value (0-3) is described and tabulated.

detected, it must extend to the pleural surface. Furthermore, LUS does not exclude 
COVID-19 in subjects with no pulmonary complications, and therefore cannot be used 
as a diagnostic tool by itself to stratify patients who may or may not be infected with 
COVID-19[47].

ROLE OF MRI, PET, AND ECHO IMAGING
There is no documented role of pulmonary MRI in the diagnosis of COVID-19 
pneumonia. Cardiac MRIs may be helpful in the future to detect complications such as 
myocarditis and cardiomyopathy. Fluorodeoxyglucose PET (FDG-PET) scans are not 
used in emergencies, but some studies explain its utilization in describing the 
subtleties of typical pulmonary findings in COVID-19 pneumonia. The FDG-PET 
avidity corresponds to the GGOs in CTs, and this is because of the increased glucose 
requirement by the neutrophils at the site to fight the infection. There is a theoretical 
possibility of utilizing FDG-PET in the future to monitor treatment response, predict 
recovery and survey the long-term consequences of COVID-19.

Deep vein thrombosis and peripheral thrombosis are common in areas with high 
COVID-19 prevalence due to an increased risk of hypercoagulability; therefore, the use 
of compression ultrasonography is expected to increase. CT pulmonary angiography is 
mainly used to confirm the prognosis of pulmonary embolism (PE) and stratify 
patients with acute PE. Point of care echocardiography might be useful as the 
sensitivity of right ventricular dilation in detecting PE using POC echocardiography 
can be as high as 90%. Echocardiography can also be used to evaluate COVID-19-
related acute cardiac injuries as abnormalities in echocardiography are linked to a 
worse prognosis and more severe disease[13].
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Figure 11  Lung ultrasonography presentation of B-lines (green panel), subpleural consolidations (white panel), and lung ultrasound 
scores (orange panel) at different lung zones (anterior, lateral, posterior) in patients with a primary diagnosis of coronavirus disease 
2019 (n = 11) and without coronavirus disease 2019 (other, n = 38). Boxplots around median and interquartile range (IQR), with outliers within 1.5 IQR of 
the nearest quartile. Other (extrapulmonary infection/inflammation (n = 10), pneumonia of other etiology (n = 8), exacerbated asthma/ chronic obstructive pulmonary 
disease (n = 7), pulmonary neoplasia (n = 4), pulmonary embolism (n = 2), congestive heart failure (n = 2), and not documented (n = 5)). Statistically significant 
outcomes with P < 0.05. Data utilized from Speidel et al[67]. COVID-19: Coronavirus disease 2019; LUSS: Lung ultrasound score.

CLASSIFICATION SYSTEMS
CO-RADS classification system
In March 2020, a classification system by the Dutch Association for Radiology was 
implemented to aid with making the diagnosis of COVID-19. This system was called 
CO-RADS which stands for COVID-19 reporting and data system and was developed 
to report CT findings with ease and replicability among other physicians, as prior to 
this, no system had been developed directly for COVID-19. The system assigns the CT 
scan a CO-RAD score between 1 to 5 depending on the radiological findings of the 
chest, and in some cases, a score of 0 and 6 can be used. A score of 0 and 6 is used 
when the CT is uninterpretable, and a positive RT-PCR test must be present, 
respectively. Level 1 classification indicates a very low level of suspicion for COVID-19 
as these cases do not have any nodules bilaterally and only have normal/benign 
findings[69]. Infections that can be considered level 1 for COVID-19 include mild or 
severe emphysema, perifissural nodules, lung tumor indications, and fibrosis[69]. This 
category is also known as negative for pneumonia. Level 2 is as having a low 
likelihood of COVID-19, but encompasses infectious diseases such as bronchitis, 
infectious bronchiolitis, bronchopneumonia, lobar pneumonia, and pulmonary 
abscesses[69]. CT features include those similar to an atypical pulmonary appearance 
like tree-in-bud sign, a centrilobular nodular pattern, lobar or segmental consolidation, 
and lung cavitation. Level 3 is the “middle ground” where the viewer can be unsure of 
the diagnosis as the features seen are those consistent with COVID-19 but also with 
viral pneumonia or non-infectious causes[69]. Findings in this level consist of perihilar 
GGO, homogenous extensive GGO with or without sparing of some secondary 
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pulmonary lobules, or GGO together with smooth interlobular septal thickening with 
or without pleural. GGO can also be seen on CT, which is characteristic of COVID-19, 
but the opacities seen are also compatible with organizing pneumonia. Although 
levels 4 and 5 have similar findings, the presence of GGO with or without consolid-
ations in lung areas close to the visceral pleura indicates a CO-RADS score of level 5
[69]. A summary of the CO-RADS categories and its criteria outlined by Prokop et al 
are outlined in Table 1.

A study by Bellini et al[70] analyzed the diagnostic yield of CO-RADS in identifying 
lung involvement in patients suspected of COVID-19 (n = 572, COVID-19 (n = 142), not 
COVID-19 (n = 430)) by multiple radiologist and physicians at different levels of 
expertise. Overall, CO-RADS showed promising accuracy for lung involvement with a 
mean AUC of 72% (95%CI: 67% to 75%)[70]. The receiver operating characteristic 
(ROC) curve revealed that application of a threshold ≥ 4 resulted in a moderate 
specificity of 81% (95%CI: 76% to 84%) and a low sensitivity of 61% (95%CI: 52% to 
69%)[70]. The CO-RADS rating among all readers was moderate as shown by Fleiss’ 
Kappa statistic of 0.43 (95%CI: 0.42 to 0.44) and with a substantial agreement for 
categories; CO-RADS 1 (Fleiss’ K = 0.61 (95%CI: 0.60 to 0.62) and for CO-RADS 5 
(Fleiss’ K = 0.60 (95%CI: 0.58 to 0.61))[70].

MULBSTA SCORING SYSTEM
Another scoring system used for COVID-19 is known as the MuLBSTA score, which 
looks at key components such as multi-lobar infiltration, hypo-lymphocytosis, 
bacterial coinfection, smoking history, hypertension, and age. Five points are assigned 
for multi-lobar infiltration, 4 points if the lymphocyte count is less than or equal to 0.8 
× 109/L, 4 points for bacterial infiltration that is confirmed by lab results or on CT, 3 
points for those who are currently smoking (2 for those who have previously been 
smokers), 2 points for hypertension, and 1 point for age above 60-years-old. A total 
score of 12 was used as the cut-off; those with scores between 0 and 11 were 
considered low risk while those with a score of ≥ 12 are considered high-risk patients. 
Those who are in the high-risk category are more likely to require intensive care unit 
treatment or were more likely to die due to the infection. This scoring system became 
useful as it helps to predict the prognosis of patients based on other clinical features 
and co-morbidities[66]. A retrospective study by Ma et al[71] (n = 330), showed that the 
ROC curve analysis on the MuLBSTA early warning scoring system for severe COVID-
19 patients has an accuracy of 92.7% (95%CI: 89.2% to 96.3%), sensitivity of 65.1%, and 
specificity of 95.4%. These outcomes indicate that MuLBSTA is a good early warning 
system for severe COVID-19 patients.

RALE CLASSIFICATION
This system aims to associate the course and severity of CXR in COVID-19 with the 
diagnostic RT-PCR result. The RALE score involves individually assessing each lung 
and depending on how much of the lung is involved, a score is assigned to it. With no 
involvement, the score is 0, less than 25% lung involvement is 1, 25% lung 
involvement is 2, 50% of the lung is 3, and a level 4 classification is given when the 
lung is involved more than 75%. The overall score is calculated by adding the two 
scores, indicating the involvement of each lung[66]. The RALE score can be used to 
predict the outcomes of patients with COVID-19 pneumonia and their need for 
mechanical ventilation (MV). Interestingly, this scoring system is practical and only 
one of the few ones that incorporate a prognostic value. This makes it a valuable proxy 
system to compare against an artificial intelligence (AI) model.

One study by Ebrahimian et al[72] evaluated the implementation of AI such as the 
commercially available AI algorithm (qXR v2.1 c2; Qure.ai Technologies, Mumbai, 
Maharashtra) has been on the rise. This model was trained on patient data with a 
positive SARS-CoV-2 RT-PCR assay. The AI score had a strong positive correlation 
with RALE score for each site of the patient CXR (r2 = 0.79 to 0.86; P < 0.0001)[72]. It 
also revealed that patients that received MV or deceased had a significantly higher AI 
or RALE score when compared to those not requiring MV or attained convalescence
[72]. This study concluded that instead of comparing the RALE and AI score to the 
baseline CXRs, combining the RALE and AI score over progressive serial CXRs with 
clinical and lab data would drastically improve the predictability of both the AI score 
and the subjective RALE score.
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Table 1 Association between CO-RADS categories and level of suspicion for pulmonary involvement of coronavirus disease 2019

CO-RADS category Suspicion level for pulmonary involvement of COVID-19 Summary

0 Not interpretable Scan insufficient for assigning score

1 Very low Normal or non-infectious scan

2 Low Typical for other infection but not COVID-19

3 Ambiguous Non-specific features of COVID-19

4 High Increased suspicion of COVID-19

5 Very high Typical features of COVID-19

6 Proven Positive RT-PCR test for COVID-19

Table modified from Prokop et al[69]. COVID-19: Coronavirus disease 2019.

BRIXIA SCORE
This score was designed and implemented for serial monitoring by the ‘Radiology 
Unit 2 of ASST Spedali Civili di Brescia’ and was later validated for risk stratification 
on a greater population by Borghesi et al[73]. According to this scoring system, the 
lung is divided into six different zones, three on each of the lungs, in either anteropos-
terior or posteroanterior views. With regards to the scoring of the zones, the score 
given can be between and including 0-3 based on the involvement of the lung. A score 
of 0 is given if there are no abnormalities seen on X-ray, a score of 1 is given when 
there are interstitial infiltrates. Two is given if there are interstitial and alveolar 
infiltrates, with the interstitial markings being more prominent. A score of 3 is 
assigned when there are both interstitial and alveolar infiltrates present, with the latter 
being more prominent. These scores are given to each of the 6 zones and are then 
aggregated to get a final score. This type of semiquantitative scoring makes CXR 
interpreting faster and more streamlined for evaluation[73]. The Brixia score becomes 
more useful when serial CXRs are performed as this enables documentation of 
additional sub-scores. The H-score is the highest Brixia score documented during the 
serial CXRs. Contrastingly, the L-score is the lowest Brixia score documented during 
the serial CXRs. Additionally, the Brixia score is documented at admission (A-score) 
and discharge/death (E-score).

One study by Maroldi et al[74] retrospectively assessed the clinical value of the 
Brixia score in 953 COVID-19 patients. In this study, the H-score was significantly 
higher with a median of 12 and interquartile range (IQR) between 9 to 14 in the 
deceased cohort compared to the discharged cohort (median: 8, IQR 5 to 11). Similarly, 
the L-score (7 vs 5; P < 0.0003), A-score (9 vs 8; P < 0.039), and E-score (12 vs 7; P < 
0.0001) were all higher in the deceased cohort than the discharged cohort[74]. Overall, 
logistic regression showed a significant predictive value for H-score of OR 1.25. The 
ROC curve revealed an AUC of 0.863[74]. Additional Cox proportional hazards 
regression revealed age has a hazard ratio (HR) of 4.17 (P = 0.0001), H-score of < 9 has 
a HR 0.36 (P = 0.0012) and worsening of H-score compared to a score below 3, which 
has a HR of 1.57 (P = 0.0227) and is associated with a worse outcome[74]. These 
outcomes demonstrate the importance of the Brixia score in the monitoring and 
assessment of COVID-19 pneumonia and its strong correlation with a patient’s 
prognosis.

PERMANENT LUNG SCARRING POST COVID-19
Research into the evolution of COVID-19 pneumonia imaging during the follow-up in 
the later stages of the disease is an interesting area. Zhao et al[75] demonstrated that at 
3 mo, typical lung features (GGO, interstitial thickening. and crazy paving) were 
almost resolved, with some fibrosis. High-resolution CT scans of patients (n = 55) 
revealed that 67.27% had GGO (n = 37), 27.27% had interstitial thickening (n = 15), and 
5.45% had crazy-paving patterns (n = 3)[75]. However, the study only included 55 
patients who had non-critical COVID-19 pneumonia. Long-term follow-up studies 
with a larger sample size are crucial to better understand the trends in recovery. The 
available literature reports consistent findings of partial healing of GGO and consol-
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idation from approximately day 14. In some patients, CT findings also demonstrated 
signs of fibrosis. In February to March 2020, a case series provided the earliest reports 
of follow-up CT findings. Partial healing of a mixed pattern of GGO and consolidation 
occurred from the day 14 onwards according to Duan and Qin[76], and Shi et al[77]. 
Wei et al[79], reported lung fibrosis in COVID-19 patients on day 12 which was corrob-
orated by a case presented by Li et al[78] which described similar findings on day 14. 
Pan et al[80] presented a retrospective study (n = 63) following up COVID-19 patients. 
These patients were re-examined in intervals of 3-14 d wherein enlarged fibrous 
stripes and solid white nodules were documented. Pan et al[42] reported that after 14 
d, 65% had GGO (n = 13/20) and 75% had consolidation (n = 15/20), but crazing-
paving pattern was absent in all 20 patients. Bernheim et al[81] found that in 25 
patients, after 6-12 d, 88% had GGO (n = 22/25) and 60% had consolidation (n = 
15/25). Crazy-paving pattern was present in 20% of patients (n = 5), and 24% had 
bronchial wall thickening (n = 6) but no patients had underlying pulmonary fibrosis
[81]. Wang et al[82] reported that during days 12-17 there was a notable increase in the 
mixed pattern, although GGO were still predominant. Xiong et al[83] observed that 
after an average of 11.6 d the follow-up CT showed progressive GGO, consolidation, 
interstitial thickening, fibrous stripes, and air bronchograms. These findings aid our 
understanding of the recovery patterns in infected patients. Furthermore, follow-up 
and management plans will need high-quality evidence to guide clinical decision-
making and monitor treatment efficacy with supplemental oxygen and antifibrotic 
agents.

AI INTERVENTIONAL SYSTEMS
AI is a broad concept that refers to a set of advanced computational algorithms that 
utilizes heuristic pattern recognition for a given training dataset and therefore makes 
predictions on unseen testing datasets. Radiomics utilizes data-characterization 
algorithms for extracting and evaluating features from radiological medical images 
and further uses them to creating statistical models with the intent to provide support 
for diagnosis and management[84]. Radiologic parameters considered for analysis 
include size, shape and textural features that have useful spatial information on pixel 
or voxel distribution and patterns[85]. Integration of AI into radiomic datasets has the 
potential to streamline COVID-19 diagnosis. In early February 2020, Beijing-based AI 
company Infervision launched the “Coronavirus artificial intelligence solution,” an 
algorithm that utilizes CT imaging data to diagnose COVID-19 on CT[86]. The reports 
revealed an increased ability to read images in 10 s, drastically improving clinical 
workflow efficiency, and reducing variable human error, while continuously 
improving diagnostic accuracy[87].

Another study developed a deep-learning COVID-19 diagnosis system from a 
dataset including 11356 CT volumes from COVID-19, influenza-A/B, non-viral 
community-acquired pneumonia and non-pneumonia subjects from China[88]. The 
basic workflow of the deep-learning-based diagnosis model contains utilization of CT 
data as the input, the lung is then segmented, COVID-19 diagnosis is made based on 
the location of infectious slices (Figure 12). This study found that the AI system 
outperformed very experienced radiologists based on speed. Another study by 
Harmon et al[89] showed that the use of the AI system that can detect COVID-19 
pneumonia with 90.8% accuracy, 84% sensitivity, and 93% specificity. A total of 1280 
patients from China, Italy, and Japan were used to train the deep-learning algorithms, 
and the system was tested independently on 1337 patients, with normal controls from 
oncology, emergency, and pneumonia-related indications. There was a 10% false-
positive rate of incorrectly diagnosed COVID-19 related patients. This indicates 
potential for overlapped diagnosis with other pneumonia etiologies. Another limiting 
factor in using AI is the need for thousands of high-quality CT studies to train the AI. 
Overall, AI systems could be trained to be extremely accurate, sensitive, and specific 
for COVID-19 diagnosis. However, it may be more useful in specific assessment of 
imaging findings of COVID-19[88,89].

A subsequent study conducted by Yu et al[90] investigated various pre-trained deep 
learning AI models against 246 severe cases and 483 non-severe COVID-19 cases and 
found that DenseNet-201 with cubic SVM model achieved a high severity classification 
accuracy of 95.20% and 95.34% for ten-fold cross-validation and leave-one-out 
validation, respectively. These effective results show that the utility of the proposed 
pipeline model was able to achieve a rapid and accurate identification of the severity 
of COVID-19, indicating its potential for use by clinicians in not just diagnosis but also 
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Figure 12  Basic workflow of the artificial intelligence system. AI: Artificial intelligence; COVID-19: Coronavirus disease 2019.

decisions relating to severity management and prioritization[90].
In May 2020, radiologist Laghi[91] wrote a correspondence letter in The Lancet 

detailing her concern that the diagnostic value of AI algorithms in CT scans was not 
supported by scientific evidence. In fact, since the high-resolution CT findings are not 
pathognomonic of COVID-19 infection and have poor accuracy in screening 
asymptomatic individuals according to the American College of Radiology, there have 
been growing concerns over the integration of AI radiology into the screening of this 
disease[92].

RADIOLOGY PANEL: FIRST AND SECOND WAVE 
First wave experience
The overwhelming nature of COVID-19 has strained global healthcare services and 
greatly impacted radiology departments. To cope with increasing admissions during 
peaks, radiologists and radiology trainees have experienced redeployment to areas of 
clinical need. One hospital saw 21% of their total radiology employees reassigned to 
other duties[93]. Following official guidelines[94], medical facilities also rescheduled 
non-urgent elective procedures, and this had a major effect on total imaging volume. 
While the exact drop varies within institutions, a large New York metropolitan health 
system reported an 87%, 4%, and 45% reduction in outpatient, inpatient, and emer-
gency imaging respectively, during the pandemic[95].

Moreover, it has become increasingly evident that COVID-19 is not limited to the 
lungs, rather it can affect other organs too. An early published clinical cohort of 
COVID-19 displayed acute cardiac injury, shock, and arrhythmia in 7.2%, 8.7%, and 
16.7% of patients respectively, with a higher prevalence in patients requiring intensive 
care[96]. Neurological manifestations have also been recorded; another observational 
study demonstrated neurological symptoms in 36.4% of hospitalized COVID patients
[97]. Alongside observations of kidney involvement and hypercoagulability in 
patients, this leaves a potentially important role for radiologists when considering 



Pal A et al. Review of COVID-19 radiographic findings

WJR https://www.wjgnet.com 276 September 28, 2021 Volume 13 Issue 9

COVID-19 as a multisystem disease[98,99].
Regarding the role of imaging, our understanding has changed with the course of 

the pandemic. Chest CT was temporarily part of the official diagnostic criteria for 
COVID-19 due to the nature of the early emergency in China; however, since then, 
chest CT findings are no longer considered diagnostic. Current guidelines establish 
that RT-PCR assays are the standard for definitive COVID-19 diagnosis[100,101]. 
Instead, CXR and chest CT have been the most common imaging modalities specified 
for presumptive diagnosis, triage and management of patients with suspected or 
known COVID-19 infection[102]. After the diagnosis is confirmed, the role of imaging 
may be limited but while waiting for PCR positive it can be very useful for clinicians. 
Portable CXR is often used as the primary imaging study in suspected patients, chest 
CT is far more sensitive in detecting lung lesions but has been reserved for more 
specific cases[4,13].

FORWARD PREPARATION FOR THE SECOND WAVE
As radiologists get ready for the second wave of COVID-19, it is important to continue 
developing on lessons learned from the 1st wave. With that in mind, a general 
framework that can be applied to radiology departments when preparing for the 
second wave and beyond is the concepts of building, sustaining, and adapting[103].

The main idea of the first strategy is to create capacity before it is needed. This can 
be done by increasing hours of staff, getting more manpower, or by expanding 
operations into other sites as seen in Singapore General Hospital’s (SGH) Emergency 
Department[103]. When faced with increased local transmission of COVID-19, 
management of an adjacent Ambulatory Surgery Centre was transferred to the ED, 
allowing for operations to be ramped up and for portable radiology services to grow
[104]. Additional capacity can also be created by increasing portable imaging 
capability through renting extra units so they can be deployed into operations when 
needed[105].

Moving on to the second strategy of sustaining, the central idea here is to operate at 
a pace that is maintainable in the long-term. This would involve preserving supplies 
such as Personal Protective Equipment, preventing staff burnout, simplifying hastily 
designed processes, and alternating work times or work sites[103]. In the University of 
Alabama at Birmingham, home picture archiving and communication system 
workstations were rapidly deployed in anticipation of a potential COVID-19 crisis
[106]. With this measure, the number of people coming on-site could be limited in the 
long-term while also contributing to social distancing amongst radiologists.

Lastly, the third strategy, adapting, highlights the importance of being flexible. 
Some ways this can be achieved include rapidly scaling up responses, reconfiguring 
spaces, improvising, and embracing new roles when faced with increased demands
[103]. This is demonstrated at SGH, where in order to monitor changes in the 
pandemic, a smaller radiology disease outbreak task force was assembled to assess 
overnight incidents and anticipate changes during the day[4].

CONCLUSION
The burden of this disease is evident through the rampant rise in fatality, morbidity, 
and mortality rates across the world. Despite the integration of stringent public health 
measures, this spread continues and is leaving an everlasting impact on both 
humanity and the economy. Radiologists have significantly adjusted their practices in 
accordance with the pandemic and as frontline workers, it is essential for them to 
identify the classical findings associated with COVID-19 and use their expertise 
towards engaging in optimal strategies to slow disease progression. Advances in the 
role of radiology in COVID-19 research have piled up within a short-period, hence it is 
prudent to remain acquainted with important findings. Some notable findings consist 
of the early stage of disease producing a classical GGO appearance on majority of the 
CT scans, and the late stage of disease showing highly specific fibrotic lesions due to 
scarring of the lung parenchyma. The purpose of identifying these characteristic 
features and associating them with a time course can be crucial towards the 
management plan for each patient. Additionally, the role of radiology can further be 
integrated into the scoring systems discussed in this review for risk stratification and 
appropriate assessment and treatment strategies for infected cases. Nevertheless, 
medical imaging has been suggested to have promising value as a rapid adjunctive 
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tool in patients with COVID-19 through assisting with the diagnosis, evaluating 
patients with clinical deterioration, and providing the multidisciplinary team with 
vital examinations that could support the management strategies.
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Abstract
There is a growing evidence of cardiovascular complications in coronavirus 
disease 2019 (COVID-19) patients. As evidence accumulated of COVID-19 medi-
ated inflammatory effects on the myocardium, substantial attention has been 
directed towards cardiovascular imaging modalities that facilitate this diagnosis. 
Cardiac magnetic resonance imaging (CMRI) is the gold standard for the 
detection of structural and functional myocardial alterations and its role in 
identifying patients with COVID-19 mediated cardiac injury is growing. Despite 
its utility in the diagnosis of myocardial injury in this population, CMRI’s impact 
on patient management is still evolving. This review provides a framework for the 
use of CMRI in diagnosis and management of COVID-19 patients from the 
perspective of a cardiologist. We review the role of CMRI in the management of 
both the acutely and remotely COVID-19 infected patient. We discuss patient 
selection for this imaging modality; T1, T2, and late gadolinium enhancement 
imaging techniques; and previously described CMRI findings in other cardiomy-
opathies with potential implications in COVID-19 recovered patients.
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resonance; Myocarditis; Coronavirus; Cardiovascular complications

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

https://www.f6publishing.com
https://dx.doi.org/10.4329/wjr.v13.i9.283
http://orcid.org/0000-0002-0601-5575
http://orcid.org/0000-0002-0601-5575
http://orcid.org/0000-0002-0601-5575
http://orcid.org/0000-0002-4780-5944
http://orcid.org/0000-0002-4780-5944
http://orcid.org/0000-0002-1381-3049
http://orcid.org/0000-0002-1381-3049
http://orcid.org/0000-0003-0890-4437
http://orcid.org/0000-0003-0890-4437
http://orcid.org/0000-0002-9023-1130
http://orcid.org/0000-0002-9023-1130
mailto:latri@augusta.edu


Atri L et al. Cardiac MRI COVID-19

WJR https://www.wjgnet.com 284 September 28, 2021 Volume 13 Issue 9

on different terms, provided the 
original work is properly cited and 
the use is non-commercial. See: htt
p://creativecommons.org/License
s/by-nc/4.0/

Manuscript source: Invited 
manuscript

Specialty type: Cardiac and 
cardiovascular systems

Country/Territory of origin: United 
States

Peer-review report’s scientific 
quality classification
Grade A (Excellent): A 
Grade B (Very good): 0 
Grade C (Good): C 
Grade D (Fair): 0 
Grade E (Poor): 0

Received: February 28, 2021 
Peer-review started: February 28, 
2021 
First decision: May 6, 2021 
Revised: May 27, 2021 
Accepted: August 30, 2021 
Article in press: August 30, 2021 
Published online: September 28, 
2021

P-Reviewer: Gaisenok O, Kelle S 
S-Editor: Wang JL 
L-Editor: A 
P-Editor: Liu JH

Core Tip: Cardiovascular magnetic resonance imaging (CMRI) is a powerful imaging 
modality used in defining cardiac tissue characterization. As the prevalence and 
incidence of coronavirus disease 2019 (COVID-19) continues to rise, the utility of 
CMRI in defining COVID-19 related myocardial damage is growing. This review 
discusses the impact of CMRI in diagnosing myocardial involvement in acutely ill and 
recovered COVID-19 patients as well as its implications for patient management.
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INTRODUCTION
Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the novel coronavirus 
responsible for the coronavirus disease 2019 (COVID-19) pandemic, continues to 
spread across the United States (US) and globally. As of January 21, 2021, the US 
reported over 23 million confirmed cases of COVID-19 as well as over 400000 COVID-
19 related mortalities[1]. It has been previously reported that COVID-19 patients often 
have complications involving acute myocardial injury. These injuries are the most 
frequently reported cardiovascular abnormality in COVID-19, and occur in approx-
imately 8%-12% of all patients[2]. Other cardiovascular effects of COVID-19 include 
endothelial damage, systolic heart failure, and arrhythmias[3]. Proposed mechanisms 
for cardiac injury include those mediated by systemic inflammation, direct viral attack 
on cardiomyocytes, myocardial interstitial fibrosis, overactive cytokine and interferon 
immune response, coronary plaque destabilization, and hypoxia[4,5].

Myocarditis is an increasingly recognized complication of COVID-19[6]. While 
endomyocardial biopsy remains the gold standard for tissue diagnosis, this procedure 
is invasive, characterized by potential serious complications and may be impractical in 
certain patient populations. Non-invasive imaging modalities, however, provide a safe 
alternative to aid in the diagnosis and management of myocarditis. While echocardio-
graphy possesses distinct advantages including low cost, accessibility, and faster 
interpretation times that may be beneficial in resource-scarce settings, many patients 
with early or mild myocarditis may have a normal echocardiogram[7]. Computed 
tomography (CT) modalities lack high quality myocardial tissue characterization that 
is essential for the diagnosis of myocarditis while exposing patients to significant 
amounts of radiation and contrast materials. Nuclear imaging is another potential 
modality to aid in the diagnosis of myocarditis, but lacks the spatial resolution to 
distinguish mid or epicardial myocardial perfusion defects (myocarditis) from 
subendocardial perfusion defects (ischemic) with significant partial volume effect and 
hence limited diagnostic accuracy[7].

Cardiovascular magnetic resonance imaging (CMRI) techniques remain the 
preferred modality for assessing patients with suspected myocarditis. CMRI provides 
detailed anatomical visualization, tissue-level analysis, safety, quantitative accuracy, 
and inter-observer consistency[7,8]. CMRI techniques are not without their limitations. 
These include higher cost when compared to echocardiography, longer exam times, 
and reliance on imaging interpretation by readers specifically trained in this discipline. 
Despite these limitations, CMRI remains the preferred imaging modality in the 
assessment of COVID-19 patients suspected of myocarditis and has the potential of 
playing a pivotal role in early diagnosis COVID-19-related cardiac injury. Finally, 
CMRI has the unique ability to evaluate subclinical and chronic cardiac involvement 
following COVID-19 infection.

CMRI AND CARDIAC TISSUE CHARACTERIZATION
CMRI represents the gold standard for the noninvasive cardiac tissue characterization, 
detection of acute and chronic myocardial changes, and myocardial viability[9-12]. 
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This volumetric and functional assessment utility has expanded its indications for not 
only diagnostic purposes, but also treatment guidance and patient follow-up as is 
currently being investigated in those patients with COVID-19 related acute myo-
carditis[13]. CMRI is also currently used to risk stratify patients with ischemic heart 
disease and myocarditis, assess precise ejection fraction, quantify scar tissue, and 
predict location of re-entrant circuits within the scar to guide catheter ablation[14]. The 
future of CMRI continues to grow with the incorporation of artificial intelligence, post-
processing techniques and development of new MR sequences such as T1 and T2 
mapping[13].

T1 mapping
Non-ischemic cardiomyopathies may present with acute edema and diffuse tissue 
fibrosis that is captured well using T1 mapping[15]. T1 mapping techniques may 
identify the heterogeneity of damaged cardiac tissue without the use of contrast. The 
native T1 values increase in areas of edema and fibrosis as seen in acute myocarditis 
(including the acute phase of COVID-19) and the T1 values decrease in areas of lipid 
overload as seen in Anderson-Fabry diseases[13,16]. These elevated T1 values can also 
be seen early amyloid deposition, aortic stenosis, and dilated cardiomyopathy[13].

T2 mapping
T2 mapping technique is similar to T1 imaging as it also identifies areas of inflam-
mation and edema. Being highly sensitive to the water content of myocardial tissue, T2 
can reliably identify patients with inflammatory cardiomyopathies and is indicated to 
detect inflammation associated with viral myocardial damage, myocardial infarction, 
sarcoidosis, toxicity from chemotherapeutic drugs, transplant rejection as well as 
detection of iron overload[13,16,17].

Late gadolinium enhancement
Late gadolinium enhancement (LGE) imaging techniques involves the use of 
gadolinium as a contrast agent to identify heterogeneity within myocardial tissue. LGE 
imaging represents a cornerstone of CMRI as it is used to define chronic myocardial 
fibrosis and necrosis caused by ischemia as well as myocardial fibrosis frequently 
present in non-ischemic dilated cardiomyopathy. Damaged cardiac tissue has a slower 
gadolinium washout time than healthy tissue, which allows for not only identification 
of myocardial scarring, but also its quantification[11,12,18]. LGE images of COVID-19 
patients suspected of myocardial involvement revealed enhancement at the left 
ventricular base, suggestive of myocarditis (Figure 1).

Renal function should be assessed prior to the use of LGE as its use is relatively 
contraindicated for patients with significant renal impairment, although new 
generation Gadolinium agents seem to be safer to use[14,16,19]. Current guidelines 
proposed by the European Society of Cardiology, American Heart Association (AHA) 
and American College of Cardiology indicate the use of CMRI for diagnosis and 
management of coronary artery disease and cardiomyopathies, with a class I 
recommendation for suspected infiltrative causes[13,14,20].

Although data regarding CMRI characteristics of COVID-19 myocarditis is limited 
to case reports and series, a small study did compare 8 patients with COVID-19 
myocarditis to 8 patients with non-COVID-19 myocarditis and 12 healthy patients[21]. 
Patients with suspected acute COVID-19 myocarditis (with elevated troponin and 
CRP) were found to have a pattern of diffuse myocardial edema detected as diffuse 
globally higher T1 and T2 myocardial relaxation times. Comparatively1, the patients 
with non-COVID-19 myocarditis had a more focal disease with prolonged T1 and T2 
relaxation times and more visible myocardial edema and LGE lesions. It was also 
noted that skeletal muscle T1 was elevated in COVID-19 myocarditis patients, which 
impacted the T2 ratio to not be elevated significantly. Severe wall-motion abnor-
malities due to stress-induced cardiomyopathy and small pericardial effusions were 
also detected as CMRI enhancements in the COVID-19 myocarditis group[21].

ROLE OF CMRI IN PATIENTS INFECTED WITH COVID-19
A review of the literature
An increased prevalence of myocardial injury has been reported in patients affected by 
COVID-19. As described above, these findings may range from evidence of acute 
myocarditis to fibrosis remote from time of infection. Given these considerations, 
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Figure 1  Delayed cardiac magnetic resonance image obtained after Gd administration showing patchy late Gd enhancement in the mid-
myocardium of the basal inferolateral and mid anteroseptal walls consistent with prior myocarditis in patient who recovered from 
coronavirus disease 2019.

CMRI has played an important role (Table 1) in non-invasive cardiac evaluations in 
COVID-19 populations[16]. Despite this growing understanding of COVID-19 
myocardial involvement, cases of COVID-19 myocarditis are likely underreported due 
to lack of imaging to reduce viral spread[22]. As a result, data at the population level 
regarding COVID-19 myocarditis is currently lacking. One recent study from Annie et 
al[23] showed the prevalence of COVID-19 myocarditis across a large multi-national 
registry to be 0.01% (256 patients). Despite this small prevalence, these patients were 
associated with increased mortality, underscoring the importance of diagnosing 
patients with myocarditis[23]. Due to the limitation of available large-scale data, 
however, our literature review is primarily centered around case-control studies. 
Kariyanna et al[24] performed a systematic review of myocarditis in COVID-19. Global 
case reports and retrospective studies were included in an effort to better describe 
trends exhibited by COVID-19 patients suspected of having myocarditis. It was 
determined that absence of troponin elevation was insufficient to exclude myocarditis. 
The most consistent findings in patients with suspected myocarditis were bilateral 
ground glass opacities detected on chest CT and late gadolinium enhancement from 
CMRI, both of which findings were observed in all patients in the study. Myocardial 
edema was reported in more than half of these patients, and it appears as though 
tissue characterization through the use of LGE and T1/T2 mapping is more useful at 
detecting myocardial damage than assessing ventricular function[25,26].

Understanding the complications that follow COVID-19 infection is an evolving 
area of research. Currently, there are several studies reporting CMRI findings in 
convalescent COVID-19 patients. In the largest prospective CMRI study performed to 
date examining 100 recovered COVID-19 positive patients, Puntmann et al[25] found 
that 78% of the patients had abnormal CMRI findings. These findings suggested 
ongoing cardiac inflammation independent of the severity of initial COVID-19 clinical 
presentation. Of the 78 patients diagnosed with COVID-19 related myocardial 
involvement, raised T1 was found in 73, raised T2 in 60, and abnormal LGE findings in 
32. The elevated T1 Levels indicated diffuse myocardial fibrosis, while the elevated T2 
Levels represented edema. The patients with both T1 and T2 elevated relaxation times 
reflected active myocardial edema that may have resulted from virus-mediated acute 
cardiac injury or dysregulation of an innate inflammatory immune response, whereas 
the patients with increased T1 but normal T2 Levels were felt to demonstrate healed 
residual diffuse myocardial injury[25,27]. These values were confirmed with the use of 
histological findings in severe cases. Furthermore, the abnormal pericardial LGE 
reflected cardiac tissue injury due to myocardial inflammation that was further 
supported by the pericardial effusion and active pericarditis[25]. It was also found that 
left and right ventricular ejection fraction represents a suboptimal marker of early 
disease detection and outcomes prediction as compared to direct tissue character-
ization by CMRI.
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Table 1 Summary of existing data surrounding the use of cardiac magnetic resonance imaging use in coronavirus disease 2019 
patients

Ref. Study design Sample size CMRI findings Other diagnostic findings

Kariyanna 
et al[24],
2020

Systematic review 
of 9 case reports 
and 2 retrospective 
studies

11 COVID-19 patients 
with reported 
myocardial 
inflammation or 
myocarditis

LGE highlighted in 100% of the 
patients

Elevated cardiac markers (Troponin, CK-MB, BNP) in 9 
cases. Bilateral ground glass opacities seen in all 
patients with CT (6 cases). ECG abnormalities (ST-
elevation and T-wave inversion) in 7 cases, and 
decreased LVEF in 6 cases. Active inflammation 
reported in the all biopsies performed (2 cases) and 
cardiomegaly reported in 7 cases

Puntmann 
et al[25], 
2020

Prospective 
observational 
cohort study

100 recovered COVID-
19 patients

Raised T1 in 73% of patients, 
raised T2 in 60%, LGE findings in 
32%, and pericardial enhancement 
in 22% 

Elevated troponin in 71% of patients, and significantly 
elevated Troponin in 5%. Endomyocardial biopsy 
revealed active lymphocytic inflammation. Lower 
LVEF and RVEF noted

Huang et al
[26], 2020

Retrospective 
study

26 recovered COVID-19 
patients who reported 
cardiac symptoms and 
underwent CMRI

Elevated T2 and/or LGE in 58% 
(15 patients) with 14 patients 
having myocardial edema and 8 
LGE +. Global T1, T2, and 
extracellular volume were 
elevated in patients with abnormal 
CMRIs

Decreased RVEF, cardiac index, and stroke volume 
found in patients with positive CMRI findings

Clark et al
[27], 2020

Retrospective 
cohort analysis

22 collegiate athletes 
with prior COVID-19 
infection

LGE found in 9% (2 athletes) All patients had normal Troponin, normal ECG, 
normal LVEF. LV mass was higher and RVEF was 
lower in athletes compared to control group

Li et al[28], 
2021

Prospective 
observational 
cohort study

40 COVID-19 patients 
with moderate to severe 
pneumonia and no 
cardiovascular medical 
history

LGE findings in 3% (1 patient), 
elevated extracellular volume 
values in 60% (24 patients)

Normal LV and RV size and function. 70% (24 patients) 
had lower LV 2D-global longitudinal strain with 
subclinical changes of myocardial dysfunction

CMRI: Cardiac magnetic resonance imaging; COVID-19: Coronavirus disease 2019; LGE: Late gadolinium enhancement; CK-MB: Creatine kinase-MB; 
BNP: B-type natriuretic peptide; CT: Computed tomography; ECG: Electrocardiogram; LVEF: Left ventricular ejection fraction; RVEF: Right ventricular 
ejection fraction LV: Left ventricular; RV: Right ventricular.

This study highlights the considerable potential for cardiac involvement even in 
COVID-19 patients who had a milder presentation or those without cardiovascular 
comorbidities. The persistence of myocardial damage beyond the acute phase of 
infection was illustrated, but the extent of this potentially chronic injury is yet to be 
determined and requires further investigation.

Huang et al[26] reported a single-center retrospective study from China and found 
that out of 26 patients who reported cardiac symptoms during COVID-19 recovery, 15 
of them had evidence of myocardial abnormalities on CMRI evaluation. Major 
findings included myocardial edema, fibrosis, and right ventricular impairment 
through the use of T1, T2, and LGE imaging. Of note, all patients had no previous 
history of myocardial injury. This, taken with the fact that the median length of time 
between symptom onset and CMRI scan was 50 days, suggests persistent COVID-19 
cardiac involvement in a majority of this patient cohort. Further follow-up of patients 
with CMR abnormalities is necessary to confirm long-lasting myocardial involvement 
following resolution of COVID-19 infection.

While the detection of abnormal CMRI findings in patients with presenting true 
cardiac symptoms may seem intuitive, the necessity of excluding cardiac involvement 
in asymptomatic or minimally symptomatic represents an evolving concept amongst 
the global cardiovascular community. Subclinical myocardial involvement remains a 
common finding among COVID-19 patients who had a CMRI performed[25,28]. 
Indeed, Li et al[28] identified 28 out of 40 COVID-19 patients with myocardial 
dysfunction based upon reduced left ventricular 2D-global longitudinal strain when 
compared to healthy controls. In addition, 24 of the 40 patients showed elevated 
extracellular volume fraction compared to healthy controls indicating diffuse 
interstitial fibrosis in a majority of these patients. Interestingly, only one patient in this 
study demonstrated the presence of LGE. This reduced percentage of patients with 
LGE compared to findings from other studies could be a result of differing inclusion 
and exclusion criteria. Regardless, these findings indicate the appreciable prevalence 
of subclinical cardiac abnormalities recognized by CMRI months after COVID-19 
recovery.



Atri L et al. Cardiac MRI COVID-19

WJR https://www.wjgnet.com 288 September 28, 2021 Volume 13 Issue 9

Owing to concern for the potential development of ventricular arrhythmias and 
sudden cardiac death (SCD) secondary to myocarditis in general, and expected 
similarly with COVID-19 myocarditis specifically, it is important to assess the extent of 
myocardial damage[29-32]. The first sign of underlying cardiac disease is oftentimes 
SCD in patients with ventricular arrhythmias[31]. This is especially true of patient 
populations that are at increased risk for arrhythmia development such as competitive 
athletes[30,32]. In light of the still unknown prevalence of COVID-19 related chronic 
cardiovascular sequelae, the question may be raised as to when a clinician should 
screen patients using CMRI. Phelan et al[30] provide recommendations on how to 
manage high risk recovering COVID-19 athletes. Initial restriction from play for 3 to 6 
mo is recommended to allow for resolution of active inflammation[30]. Athletics can 
be resumed upon normalization of left ventricular function and cardiac biomarkers 
and absence of arrhythmias[30].

CMRI can reproducibly and accurately localize tissue injury, and thus has the ability 
to play an important role in fatal arrhythmia risk stratification along with prediction of 
reentrant circuits to guide ablation procedures[14]. LGE in particular has been shown 
to be the best predictor of all-cause mortality in biopsy-proven viral myocarditis, 
emphasizing the utility of CMR in COVID-19 patients[31,33].

While myocarditis appears to be the main form of cardiac involvement in COVID-19 
patients, other forms of myocardial injury have also been observed to a smaller extent. 
These include but are not limited to myocardial infarction, pulmonary embolism, and 
Takotsubo cardiomyopathy[34-37]. These cardiovascular conditions may present 
similarly with chest pain, dyspnea, and positive troponin; however, they may be 
distinguished with CMRI[38], which further emphasizes the utility of CMRI in 
COVID-19 patients with signs of cardiac involvement.

MANAGEMENT RECOMMENDATIONS/GUIDELINES
Although the role of CMRI in the diagnosis of COVID-19 related cardiac injury is 
accepted, its practical utilization in both the inpatient and outpatient venues faces 
challenges in this continuously expanding patient population. In an effort to address 
these concerns, the Society of Cardiovascular Magnetic Resonance (SCMR) created 
specific guidelines treating the use of CMRI in COVID-19 patients[39,40]. These 
treatment guidelines cover a variety of imaging settings, including the acutely ill 
patient suspected of having acute COVID-19 related myocardial injury. In these 
instances, the SCMR recommends a short imaging protocol of 10-15 minutes for 
patients with active COVID-19 infection and a poor functional status[16]. CMRI can be 
performed on ventilated patients through special guidelines but is highly discouraged 
unless absolutely clinically necessary[39]. A holistic approach is recommended with 
the safety of patients and healthcare workers in mind and the use of clinical judgement 
to suspect acute myocardial injury[39]. If used in an inpatient setting, a dedicated 
CMRI scanner should be established when possible to limit the spread of COVID-19
[16]. In most circumstances, CMRI should be postponed until after resolution of the 
patient’s contagious state and performed in an outpatient setting[27,39]. Once 
completed, further cardiovascular recommendations may be made based upon 
imaging findings. Given the breadth of patients affected by COVID-19, it is possible to 
detect preexisting and undiagnosed cardiac abnormalities and/or true COVID-19 
related injury. Consequently, cardiovascular specialists must adopt a tailored 
approach to the treatment of these patients in light of their clinical circumstances. For 
example, patients with cardiomyopathy detected on CMRI may be candidates for 
consultation by a dedicated congestive heart failure treatment team[41].

APPROACHES TO THE ROLE OF CMRI IN THE COVID-19 ERA
Due to the novelty of the COVID-19 pandemic, there is a lack of consensus on how to 
manage the long-term cardiac effects of COVID-19. The high prevalence and disease 
burden of the COVID-19 pandemic and the constraints it’s placed on healthcare 
resources make the determination of CMRI guidelines a difficult healthcare decision 
with ethical dimensions. Our center recommends using a risk stratification method to 
determine if a CMRI is needed for each individual patient (Table 2). High risk 
individuals include patients who have an abnormal echocardiogram, abnormal 
electrocardiogram (EKG), positive troponin levels, or history of myocarditis, myo-
cardial infarction, or non-obstructive coronary artery disease. These patients should 
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Table 2 Proposed indications for cardiac magnetic resonance imaging in coronavirus disease 2019 patients

CMRI is indicated CMRI not indicated

High risk patients with 2 or more of the following criteria Low risk patients with all of the following criteria

Symptomatic Asymptomatic

Elevated troponin Negative troponin

Abnormal echocardiogram Normal echocardiogram

Abnormal EKG

High risk for ventricular arrhythmia or sudden death

Myocardial infarction

Clinical suspicion for myocardial injury

CMRI: Cardiac magnetic resonance imaging; EKG: Echocardiogram.

receive a CMRI if available.
While suspicion of myocarditis can be determined based on biomarkers, EKG, and 

echocardiography, these tests may not be sufficient to determine the true etiology of 
cardiac involvement. EKG manifestations of myocarditis vary considerably and most 
commonly involve sinus tachycardia and nonspecific T wave and ST segment changes
[42]. Echocardiography may demonstrate increased wall thickness and hyperecho-
genicity but more often than not provide inconclusive findings[43]. These tests provide 
little use in differentiating myocarditis from similarly presenting processes such as 
myocardial infarction or pulmonary embolus. If the aforementioned workup does not 
point towards a definitive diagnosis of myocarditis, CMRI may be indicated to provide 
direct tissue characterization, assess cardiac function indirectly based on the degree of 
inflammation present, and produce the confidence necessary to establish the diagnosis 
of myocarditis[42,44,45]. In addition, contrast-enhanced MRI may be a useful, 
noninvasive tool for long-term follow-up of patients with acute myocarditis and 
provide more accurate data on predicting outcome. A small study of 16 patients with 
myocarditis found that contrast enhancement ratio at 4 wk after disease onset was 
predictive of long-term outcomes[12].

Patients who are asymptomatic or have negative labs or normal echocardiogram 
findings are low priority for receiving CMRI. While post-COVID-19 asymptomatic 
myocardial involvement has been documented in the literature as mentioned above, 
this group of individuals with no symptoms should forgo CMRI at this time unless 
symptoms arise due to constraints on healthcare resources amidst the pandemic.

There is, however, a large gray area between these patient extremes. Athletes, for 
example, are a unique patient population as they are at higher risk of sudden cardiac 
death if they resume vigorous exercise with signs of myocarditis[32]. While there is 
disagreement in the approach of these patients, we believe clinicians should defer to 
the 2015 AHA Return to Play guidelines[32]. If there are any abnormalities on 
imaging, athletes should sit out from play with repeat imaging likely warranted in 
three to six months[32]. Reintroduction to play can take place gradually if biomarkers 
and EKG findings normalize and imaging shows no active inflammation[32]. At this 
time, it is unclear if resolution of myocarditis-related LGE is necessary for athletes to 
resume competition, so physicians should continue to use clinical judgment in their 
assessment of these patients. The Big Ten Athletics organization has taken the lead on 
evaluating their collegiate athletes following COVID-19 infection by creating a Big Ten 
Cardiac Registry[46]. Every student-athlete who tests positive undergoes cardiac 
testing involving EKG, biomarkers, echocardiogram, and CMRI to thoroughly 
evaluate cardiac structure and function[46]. This cautious approach is ideal but may 
not be practical for resource-scarce areas across the country, highlighting the 
importance of center-specific guidelines. It should be emphasized that determining 
appropriate imaging guidelines is an ongoing process that should utilize new findings 
as they are brought forward.

While athletes make up a unique subset of patients, the general public also stands to 
benefit from CMR imaging as indicated in Table 2.
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LIMITATIONS OF THE USE CMRI IN PATIENTS WITH COVID-19
There are significant practical limitations regarding the use of CMRI in COVID-19 
patients. In addition to limited availability at the global scale, CMRI represents a more 
expensive and time-consuming imaging modality when compared to conventional 
alternatives such as echocardiography. Additionally, consistent interpretation of CMRI 
images is vital to the widespread applicability of CMRI prognostic data[30]. This may 
be difficult to achieve considering many medical providers do not have access to the 
imaging modality itself or to cardiac imaging specialists who can accurately interpret 
the acquired images[47]. The lack of easy access to CMRI imaging creates the potential 
for selection bias in studies reporting CMRI results. These limitations must be taken 
into consideration during the creation of imaging guidelines of COVID-19 patients 
worldwide. Actively contagious COVID-19 patients with suspected cardiac invo-
lvement pose a unique challenge to clinicians. In order to reduce COVID-19 spread, 
CMR imaging may not be appropriate in COVID-19 patients who are actively 
contagious, thus placing a limitation on CMRI use in the early stage of COVID-19 
infection[16]. Finally, it should also be noted that the CMRI studies conducted on 
COVID-19 patients discussed above all lack a pre-infection CMRI for comparison. 
Therefore, although unlikely, it is feasible that some included patients may have had 
preexisting changes detectable by CMRI following an unrelated COVID-19 infection. 
The lack of internal control limits the applicability of these research findings; 
nevertheless, the reported prevalence of myocardial abnormalities detected in these 
studies appears higher than that encountered both in clinical practice and the literature 
and thus deserves consideration.

FUTURE DIRECTION
The COVID-19 pandemic has created an unprecedented quest to obtain and synthesize 
data in a brief amount of time. A major topic, and one that is of particular concern, is 
the cardiovascular effects seen both acutely and in the chronic setting. Myocardial 
injury secondary to COVID-19 and the use of CMRI is an evolving subject. A 
systematic review of the literature, while limited, yields important insights into the use 
of CMRI.

In regards to active COVID-19 infection with concern for acute myocardial injury, 
CMRI has a more limited role. CMRI should be used in the acute setting when the 
findings will alter management and treatment strategies. Additionally, CMRI is able to 
aid in the diagnosis of myocardial infarction, RV strain in pulmonary embolism, and 
Takatsubo cardiomyopathy[34]. Given the infectious nature of the coronavirus, the 
risk of exposure and transmission of COVID-19 to healthcare workers should be kept 
in mind. CMRI should be performed cautiously or postponed unless they alter the 
treatment and management of patients in a time-critical manner.

Although CMRI usage will be constricted the general population vastly due to cost 
and availability limitations, we suspect a major use of CMRI moving forward will be 
in athletes who have recovered from COVID-19. This is due to the increased risk of 
adverse events including sudden cardiac death for this specific population. As 
demonstrated by Phelan et al[30], CMRI is recommended in athletes if clinical concern 
is elevated, despite normal or unremarkable biomarkers and/or Echocardiogram and 
EKG. Additionally, Rink et al[46] has created an athlete registry and will be performing 
CMRI on every student athlete that has recovered from COVID-19. As high school, 
collegiate, and professional sports begin their seasons, much consideration and caution 
will be present in those athletes who have recovered from COVID-19. Given what we 
know about evidence of LGE and associated ventricular events, indications for 
withholding athletes from competitive sport may certainly arise.

CONCLUSION
As a relatively new imaging modality with ongoing research, guidelines regarding 
CMRI use continue to evolve as new techniques and advances emerge. The role of 
CMRI in the diagnosis of COVID-19 related illness is evolving as well. Small studies 
have demonstrated the presence of cardiac injury even in minimally or asymptomatic 
COVID-19 patients. While the long-term sequelae of COVID-19 mediated cardiac 
disease is unknown, the diagnostic yield of CMRI places it squarely in the forefront of 
imaging strategies for this growing patient population. While factors such as 
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availability and cost may limit the widespread adoption of CMRI, its use in selected 
populations such as competitive athletes remain important. Further studies examining 
the prognostic utility of CMRI findings in the recovered COVID-19 population appears 
warranted.
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Abstract
BACKGROUND 
Pneumonia is the main manifestation of coronavirus disease 2019 (COVID-19) 
infection. Chest computed tomography is recommended for the initial evaluation 
of the disease; this technique can also be helpful to monitor the disease 
progression and evaluate the therapeutic efficacy.

AIM 
To review the currently available literature regarding the radiological follow-up 
of COVID-19-related lung alterations using the computed tomography scan, to 
describe the evidence about the dynamic evolution of COVID-19 pneumonia and 
verify the potential usefulness of the radiological follow-up.

METHODS 
We used pertinent keywords on PubMed to select relevant studies; the articles we 
considered were published until October 30, 2020. Through this selection, 69 
studies were identified, and 16 were finally included in the review.

RESULTS 
Summarizing the included works’ findings, we identified well-defined stages in 
the short follow-up time frame. A radiographic deterioration reaching a peak 
roughly within the first 2 wk; after the peak, an absorption process and repairing 
signs are observed. At later radiological follow-up, with the limitation of little 
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evidence available, the lesions usually did not recover completely.

CONCLUSION 
Following computed tomography scan evolution over time could help physicians 
better understand the clinical impact of COVID-19 pneumonia and manage the 
possible sequelae; a longer follow-up is advisable to verify the complete reso-
lution or the presence of long-term damage.

Key Words: COVID-19; Computed tomography; Pneumonia; Radiological evolution; 
Follow-up; Long-term consequences; Lung damage; SARS-CoV-2
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Core Tip: Given the recent discovery and study of severe acute respiratory syndrome 
coronavirus 2 infection, the evolution of coronavirus disease 2019 pneumonia has not 
been entirely defined yet. Chest computed tomography is an effective method to 
identify and follow coronavirus disease 2019 pneumonia over time. In this review, we 
considered the radiological changes on computed tomography scan and described the 
possible clinical pulmonary sequelae in order to understand the long-term outcome of 
coronavirus disease 2019 pneumonia better.

Citation: Casartelli C, Perrone F, Balbi M, Alfieri V, Milanese G, Buti S, Silva M, Sverzellati 
N, Bersanelli M. Review on radiological evolution of COVID-19 pneumonia using computed 
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DOI: https://dx.doi.org/10.4329/wjr.v13.i9.294

INTRODUCTION
SARS-CoV-2, which stands for severe acute respiratory syndrome coronavirus 2, was 
first identified in December 2019 in Wuhan, China. The coronavirus disease 2019 
(COVID-19) caused by SARS-CoV-2 has rapidly spread from China to all around the 
world within a few months, leading the World Health Organization to declare it a 
pandemic on March 11, 2020[1].

The transmission of SARS-CoV-2 happens through direct, indirect or close contact 
with infected people through infected secretions, such as saliva and respiratory 
secretions or their respiratory droplets. The main organ affected is the lung, with 
pneumonia being the major manifestation of the infection[2].

The gold standard for SARS-CoV-2 diagnosis is real-time reverse transcription-
polymerase chain reaction. However, computed tomography (CT) is recommended for 
initial evaluation and diagnosis, and it is also useful in monitoring the disease 
progression and evaluating the therapeutic efficacy[3,4].

Until now, many reports have focused on CT scan features at diagnosis[5-7]. On the 
other hand, there are relatively few studies evaluating serial temporal changes in 
patients who underwent repeated CT examinations and, particularly, in the late 
follow-up.

Our aim is to review the literature currently available on the radiological follow-up 
of COVID-19-related lung alterations using the CT scan to describe the evidence about 
the dynamic evolution of COVID-19 pneumonia.

MATERIALS AND METHODS
We conducted this systematic review according to the Preferred Reporting Items 
guidelines for Systematic Reviews and Meta-Analysis (PRISMA) Statement[8]. The 
primary aim was to collect, describe and discuss the dynamic radiological evolution of 
COVID-19 pneumonia.
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Search strategy
Two authors (Casartelli C and Perrone F) carried out a comprehensive systematic 
search for published articles on the MEDLINE/PubMed library until October 31, 2020. 
Given the absence of articles on this topic before December 2019, when the first 
COVID-19 outbreak started, no upper limit for the search was chosen.

The following search keywords were used: “COVID-19” [all fields] AND 
“computed tomography” [all fields] AND “evolution” [all fields]. The reference lists of 
the included articles and reviews/meta-analyses on our research topic were also 
reviewed to identify additional relevant papers.

Study selection and eligibility criteria
Retrospective studies, prospective studies and case reports describing the evolution of 
COVID-19 pneumonia on CT scan were included. Only English language articles were 
considered eligible. Studies with insufficient radiological data were excluded. We 
planned qualitative analysis only, forecasting a high heterogeneity between the 
eligible studies, likely preventing quantitative analyses.

Data extraction and synthesis
The study characteristics (first author, year of publication, type of study, number of 
patients included, CT scan follow-up, dynamic evolution and main CT manifestations) 
were extracted from the included articles by a single author (Casartelli C). Two 
reviewers (Perrone F and Casartelli C) initially performed the data extraction, and then 
it was independently reviewed by an additional reviewer (Bersanelli M).

Any doubt or disagreement was discussed with a fourth investigator (Buti S) and 
resolved with all investigators’ consensus.

RESULTS
General description
The study selection led to the inclusion of 16 reports: 13 retrospective studies[9-21], 1 
prospective study[22] and 2 case series[23,24]. The outline of the search is reported in 
Figure 1.

These reports (more specifically, 15 from China[9-23], 1 from Italy[24]) have 
analyzed several cases of pneumonia caused by SARS-CoV-2 diagnosed through CT 
without contrast (Table 1).

Most of the reports have considered moderate/common pneumonia; if pneumonia 
was not explicitly classified, most of the articles included patients with a good and 
defined prognosis, who were ultimately discharged from the hospital, while patients 
with severe/critical pneumonia were generally excluded.

Four studies have also included a minority group of patients showing 
severe/critical pneumonia[10,14,17,20]; the 11 patients described by Sun Q et al[23] 
case series had severe pneumonia[23].

Scoring system
The most common score used to evaluate dynamic CT evolution was a semi-
quantitative scoring system, which considered the total area of involvement of the 
lesions. The nature of the semi-quantitative scoring system was similar in the studies 
considered, even with some adjustments and discrepancies among them.

For example, Liang et al[11] assigned a 0-4 score based on the percentage of each 
lung lobe involvement; in agreement with this, the overall lung total severity score 
was reached by summing up the five lobe scores, with a possible range from 0 to 20.

Zhou et al[12] divided each lung into six zones, and the total score, given by the sum 
of the different lung regions, could reach a maximum of 48.

Zhang et al[15] used yet another adaptation of the system based on the lung 
segments involved, assigning a score based on the percentage of ground glass 
opacities (GGOs) and consolidation, with a possible range from 0 to 36.

The study from Liu et al[17], analyzing the CT of discharged patients, focused the 
score on non-GGO lesions since extended GGO areas were defined as a basic 
manifestation of convalescence, which could lead to an overestimation of the CT score.

Other authors, considering the limited accuracy and sensitivity of the semi-
quantitative score based mainly on visual evaluation, proposed evaluating dynamic 
evolution by quantitative techniques.



Casartelli C et al. Radiological evolution of COVID-19 pneumonia

WJR https://www.wjgnet.com 297 September 28, 2021 Volume 13 Issue 9

Table 1 Characteristics and findings of the studies included in the systematic review

Ref. Type of 
study Patients included Mean age in yr, 

range CT scan follow-up
CT evaluation, 
scoring 
system

Han et al[9], 
2020

Retrospective 17 surviving and discharged patients 
with COVID-19 pneumonia

40 ± 6 4 wk (4 weekly CT scan during 
hospitalization)

Semi-
quantitative

Wang et al
[10], 2020

Retrospective 63 patients with asymptomatic/mild, 378 
with moderate, 43 with severe/critically 
COVID-19 pneumonia

47 (33-57) From symptoms onset to beyond 
day 15

Quantitative

Liang et al
[11], 2020

Retrospective 88 patients with mild COVID-19 
pneumonia

42.7 (4-82) 3 wk after disease onset Semi-
quantitative

Sun et al[23], 
2021

Case series 11 patients with severe COVID-19 
pneumonia

52 (33-75) CT scan during hospitalization (not 
well defined, at least 3 wk during 
hospitalization)

Qualitative

Zhou et al
[12], 2020

Retrospective 100 patients with COVID-19 pneumonia 
(without ARDS)

52.3 ± 13.1 (27-80) CT during hospitalization (from 
symptoms onset to beyond day 21)

Semi-
quantitative

Wang et al
[13], 2020

Retrospective 126 patients with COVID-19 pneumonia, 
(severe and critical cases excluded)

41.2 ± 10.8 CT scan during hospitalization 
(mean days of hospitalization 22 ± 
5 d (12-40)

Qualitative

Wang et al
[14], 2020

Retrospective 79 patients with non-severe 
(mild/common) COVID-19 pneumonia, 
27 with severe pneumonia

48.0 ± 15.4 CT scan during hospitalization 
(mean days of hospitalization 25) + 
CT scan at 2-4 wk after discharge

Semi-
quantitative

Zhang et al
[15], 2020

Retrospective 33 patients with moderate COVID-19 
pneumonia

49.0 ± 15.5 CT scan during hospitalization 
(mean days of hospitalization 20.8, 
range 18-37)

Semi-
quantitative 

Feng et al[16], 
2020

Retrospective 19 patients with COVID-19 pneumonia 43.6 ± 15.5 (10-67) 0-34 d after symptoms onset Quantitative

Liu et al[17], 
2020

Retrospective 149 discharged patients with COVID-19 
pneumonia (142 pneumonia, 7 severe 
pneumonia, no critical patients included)

43 (36-56) Basal CT scan at discharge and at  
1st, 2nd and 3rd week after discharge

Semi-
quantitative

Pan et al[18], 
2020

Retrospective 105 patients with COVID-19 pneumonia 
(severe pneumonia excluded)

48.6 ± 13.1 (23-72) 1-47 d after symptoms onset Semi-
quantitative

Zhuang et al
[19], 2021

Retrospective 22 patients with COVID-19 pneumonia 
with solitary pulmonary lesion

40.7 ± 10.3 (23-54) CT scan during hospitalization 
(mean days of hospitalization 19 d, 
range: 11-44) + first CT scan after 
discharge

Semi-
quantitative

Urciuoli and 
Guerriero
[24], 2020

Case series 6 patients with mild COVID-19 
pneumonia

59.5 First CT on admission and 4 mo 
after symptoms onset

Qualitative

Zhang et al
[20], 2020

Retrospective 53 patients with common COVID-19 
pneumonia, 20 patients with severe 
COVID-19 pneumonia

45 ± 14 common 
pneumonia, 50 ± 15 
severe pneumonia

0-30 d after symptoms onset Quantitative

Pan et al[21], 
2020

Retrospective 21 patients with COVID-19 pneumonia 
(severe pneumonia excluded)

40 ± 9 (25-63) 0-26 d after symptoms onset Semi-
quantitative

Wang et al
[22], 2020

Prospective 90 patients with COVID-19 pneumonia 45 ± 14 (5-43) 0-24 d after symptoms onset Semi-
quantitative

ARDS: Acute respiratory distress syndrome; COVID-19: Coronavirus disease 2019; CT: Computed tomography.

For example, Feng et al[16] measured the total volume (VT) and mean CT value (CT), 
and from these, they calculated the mass (m): VT × (CT + 1000)[16].

In the report from Wang et al[10], quantitative CT measurements of pulmonary 
opacities, including volume, density and location, were extracted through deep 
learning algorithms.

In another report, quantitative CT features were automatically calculated using 
intelligent artificial algorithms, giving back the percentage of GGO volume, consol-
idation volume and total lesion volume[15].

Other reports described the evolution of lung lesions qualitatively[13,23,24].
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Figure 1 PRISMA flow diagram.

Radiological dynamic evolution: Severity and timing
Almost all the reports present a short-term radiological follow-up, focusing on the first 
few weeks from the symptoms appearance and studying serial CT scan approximately 
in the first 4 wk during hospitalization (Table 1).

It has been observed that the initial CT features and dynamic evolution of COVID-
19 pneumonia have specific characteristics and regularity.

Several reports identify well-defined stages, from the onset of the symptoms to 
radiological recovery.

The most common pattern of radiographic evolution found is as follows. First, there 
is a progressive rapid radiographic deterioration, during which the lesions keep 
growing until they reach a peak; once this peak is reached, the lesions stop growing 
and are gradually reabsorbed and repairing signs appear. Almost all the studies found 
that the peak was reached roughly within 2 wk after the symptoms appearance, and 
after that lung abnormalities started to decrease.

There are some exceptions. Zhang et al[15] found an earlier peak, 8 d after 
symptoms onset, and lung lesions improved after 11 d. Wang et al[22] discovered a 
similar peak at around 6-11 d; in this case, though, a significant extent of lung lesions 
was found for longer times after the peak, showing a slower recovery.

Specific patterns of temporal evolution and relative peaks are shown in Table 2.
When severe pneumonia was considered separately, the disease seemed to have a 

slightly longer evolution, showing the peak later than for moderate pneumonia cases.
In the report from Zhang et al[20], severe pneumonia exhibited a peak approx-

imately 17 d after symptoms onset (compared to moderate pneumonia, which peaked 
at 12 d in the same study). In the report from Wang et al[10], the opacity volume kept 
increasing even after 15 d in the severe/critical group. Four reports had taken into 
account a longer CT follow-up, considering CT scan after discharge[14,17,19,24].

Zhuang et al[19] considered both CT during hospitalization and the first CT after 
discharge (22-51 d after symptoms onset). During the latter phase, further absorption 
of the lung lesions compared with the previous radiological exam was observed, but 
not all patients showed a complete resolution.

Liu et al[17] studied the radiological evolution during the first few weeks after 
discharge, in particular 1, 2 and 3 wk after discharge. The aim was to determine the 
cumulative percentage of complete radiological resolution at each time point. They 
discovered that lung lesions could be entirely absorbed with no sequelae, and they 
suggested that the optimal time point for an early radiological estimation might be 2 
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Table 2 Computed tomography scan features of lung lesions according to the follow-up timing of coronavirus disease 2019 pneumonia

Ref.

Short-term follow-up, 
dynamic evolution during 
hospitalization period: 
Severity and timing

Main CT features at short-term follow-up

Late follow- up, 
dynamic evolution 
after hospital 
discharge

Main CT features at late 
follow- up

Han et al
[9], 2020

Initial deterioration to a peak at 
the 2nd week followed by 
improvement in the 3rd and 4th 

week

GGO decreased from 1st week to 2nd week, then 
increased in 3 and 4. Consolidation and a mixed 
pattern noted in 2 wk. Crazy paving pattern had 
the highest frequency in 2nd week

N/A N/A

Wang et al
[10], 2020

Severe/critically ill group: 
Opacity volume continued to 
increase beyond 15 d. Moderate 
group: Peak on days 13-15 (the 
opacity density began to drop 
from day 10 to day 12). 
Asymptomatic/mild group: 
Highest opacity volume on days 
1-3 and almost resolved after 15 
d

GGO in the early stages, followed by appearance 
of consolidations. In the severe/critically ill 
group: Decreasing trend of GGO, increasing 
trend of consolidation over time

N/A N/A

Liang et al
[11], 2020

Total severity score showed an 
increasing trend in the first 2 
wk, followed by a slight 
decrease in the 3rd week

GGO was the most common finding over time, 
consolidation decreased 2 wk after symptom 
onset. Reticulations and linear opacities and 
fibrosis became increasing prevalent later in the 
disease course

N/A N/A

Sun et al
[23], 2021

Improvement in the first 3 wk 
after hospitalization

Decrease in consolidation and GGO overtime 
and appearance of fibrous-like stripes

N/A N/A

Zhou et al
[12], 2020

3 stages: Early rapid progressive 
stage (1-7 d from symptom 
onset); > advanced stage with 
peak levels of abnormalities on 
CT at 8-14 d; > improvement 
after 14 d (particularly, after 21 d 
the absorption was more 
obvious)

GGO, GGO + reticular pattern/consolidation in 
the rapid progressive stage. ↑ GGO + reticular 
pattern and consolidation in the advanced stage. 
↓ GGO + reticular pattern and consolidation and 
↑ subpleural line, bronchus distortion, and 
fibrotic strips in the absorption stage

N/A N/A

Wang et al
[13], 2020

3 stages: Progression process; > 
absorption process; > stage of 
discharge

↑ GGO with consolidation (↑ crazy paving 
pattern, ↑ vascular thickening sign ↑ air 
bronchogram sign) in the progression process. 
Absorption of consolidation displayed as 
inhomogeneous partial GGOs with fibrosis 
shadows, occurrence of the fishing net on trees 
sign, ↑ fibrosis sign, ↑ subpleural line sign in the 
absorption process. Further absorption of GGOs, 
consolidation and fibrosis shadows and no 
appearance of new lesions in the stage of 
discharge

N/A N/A

Wang et al
[14], 2020

Radiological aggravation (< 2 
wk) and improvement (> 2 wk)

GGO decreased while mixed GGO and 
consolidation increased from 1 wk to 2 wk after 
onset; linear opacity increased from 2 wk to 3 wk 
after onset

1-2 mo after symptom 
onset (median day 38): In 
1/3 of cases complete 
absorption of lesions. 
Patients with more 
severe lesions at day 8-14 
(> consolidations, CT 
score > 4, > 3 lobes 
involved) were more 
prone to have pulmonary 
residuals

Mainly linear opacities

Zhang et al
[15], 2020

4 stages: Early stage (0-5 d); > 
peak stage (6-10 d); > absorption 
stage (11-15 d); > recovery stage 
(≥ 16 d)

Mainly GGO, (vascular thickening, bronchial 
wall thickening, and consolidation were also 
noted) in the early stage. ↑ GGO, vascular and 
bronchial thickening, and consolidation (mean 
peak at 8 d) in the peak stage. GGO and 
consolidation were predominantly present, with 
↑ bronchial wall thickening and vascular 
thickening in the absorption stage. GGO and 
consolidation were partially absorbed, and 
bronchial wall thickening and vascular 
thickening ↓ (residual GGO and subpleural 
parenchymal bands) in the recovery stage

N/A N/A

3 stages: Progressive stage (0-5 
d); > peak stage (5-15 d). The 
greatest severity showed 

Feng et al
[16], 2020

GGO and interlobular/intralobular septal 
thickening were the most frequent CT 
manifestation

N/A N/A
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approximately 7-8 d from onset; 
> absorption stage (15-30 d)

Liu et al
[17], 2020

N/A N/A At 3 wk follow up CT 
scan: Complete 
absorption of lesions in 
more than half of the 
patients

Gradually decrease of 
GGO and fibrous stripe 
(GGO during the first and 
fibrous stripe the 3rd week 
after discharge). “Tinted” 
sign and bronchovascular 
bundle distortion

Pan et al
[18], 2020

5 stages: 0-3, 4-7, 8-14, 15-21, and 
> 21 d from symptoms onset 
(stages A-E, respectively). The 
total CT score of lung 
involvement was significantly 
higher in Stage C. The lung 
lesions in most patients 
improved after 14 d since initial 
symptom onset

Proportion of GGO was similar in each stage, 
consolidation gradually ↑ from Stage A to C and 
gradually ↓ from Stage C to E

N/A N/A

Zhuang et 
al[19], 
2021

Lung involvement peak at 
approximately 11 d, then lung 
lesions improved significantly

Mainly GGO in the first scan (0-4 d), crazy-
paving pattern and consolidation in scan-2 (4-22 
d), lesions were gradually absorbed and tended 
to be stable and linear opacities were noted in the 
scan-3 (before discharge, 6-41 d)

1st CT scan after 
discharge (22-51 d): 
Further absorption of 
lung lesions

Various presentations: 
negative CT scan, GGO, 
consolidation, linear 
opacities

Urciuoli 
and 
Guerriero
[24], 2020

N/A N/A Persistence of lung 
abnormalities in 5/6 
cases even if all the 
patients completely 
asymptomatic

Various presentations: 1 
negative CT scan; in 2 
patients, persistence of 
mixed pattern (GGO and 
fibrous streaks); in 1 
patient fibrotic stripes, in 1 
patient mixed pattern 
(interlobular septal 
thickening and patchy 
GGO); in 1 patient fibrotic 
pattern

Zhang et al
[20], 2020

5 stages: Stage 1 (0-3 d), stage 2 
(4-7 d), stage 3 (8-14 d), stage 4 
(15-21 d), and stage 5 (22-30 d). 
PTV peaks at 12 d in common 
pneumonia, at 17 d in severe 
pneumonia

Common pneumonia: No significant differences 
in the PTV, PGV and PCV between stages 1-4 
(percent of lesions was reduced in stage 5 
compared with stage 4). Severe pneumonia PTV, 
PGV and PCV ↑ from stage 2 to stage 4 and ↓ in 
stage 5

N/A N/A

Pan et al
[21], 2020

4 stages: Early stage (0-4 d); 
progressive stage (5-8 d); peak 
stage (10-13 d); and absorption 
stage (≥ 14 d). Peak at 10 d after 
symptoms onset. CT signs 
improvement at approximately 
14 d

GGO in the early stage, ↑ crazy-paving pattern 
and consolidation in the progressive stage, 
consolidation in the peak stage, progressive 
resolution of consolidation in the absorption 
stage

N/A N/A

Wang et al
[22], 2020

Lung abnormalities increased 
quickly after the onset of 
symptoms, peaked around 6-11 
d, and were followed by 
persistence of high levels in 
extent for a long duration (slow 
absorption of the lesions)

GGOs trend: “first falling then rising”. 
Consolidation was the second most common 
feature seen in the first 11 d. Mixed pattern: The 
second most predominant pattern since illness 
days 12-17

N/A N/A

CT: Computer tomography; GGO: Ground glass opacity; N/A: Not applicable; PCV: Percentage of consolidation volume; PGV: Percentage of ground glass 
opacity volume; PTV: Percentage of total lesion volume.

wk after discharge. In their analysis, the cumulative percentage of the complete 
radiological resolution was 8%, 42%, 50% and 53% at discharge and during the 1st, 2nd 
and 3rd week after discharge, respectively[17].

Wang et al[14] conducted a study including both common and severe pneumonia, 
showing that approximately 1/3 of cases had complete absorption of lesions in the 
first 1-2 mo after symptom onset (median day 38). In their study, patients with more 
severe lung involvement at days 8-14 (peak) were more prone to have pulmonary 
residuals.

Urciuoli and Guerriero[24] considered a longer follow-up, with the study of CT up 
to 4 mo after the onset of the symptoms; the sample of this report was relatively small, 
as it considered only 6 patients with mild pneumonia. Interestingly, the follow-up CT 
scan revealed the persistence of lung abnormalities in 5 cases out of 6, even if all 
patients were completely asymptomatic at that point[24].
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CT scan features of lung lesions at follow-up
The main features of lung lesions in the retrieved reports were multiple, bilateral, with 
a peripheral subpleural distribution.

In the short-term follow-up some features recurred. Consolidations and GGOs were 
always described, and often a mixed pattern was noted. Consolidations were more 
frequent during the peak, sometimes with accompanying signs such as a “crazy 
paving pattern” or “vascular thickening sign;” after the peak, they were gradually 
absorbed.

GGOs were described mainly in the early phase, but they could be observed also in 
later stages. In fact, in the report from Pan et al[18] the proportion of GGOs was similar 
in each stage. In those from Wang et al[22], the observed trend of GGOs was described 
as “first falling then rising” as they were present both in the first phase and in the last 
CT scan.

After the peak, besides GGOs, repairing CT signs, such as linear opacities, fibrous 
stripes, subpleural line sign and fibrosis shadows, were noted. Wang et al[13] 
proposed, in the absorption process, a particular sign called “fishing net on trees.” This 
sign “indicated that the pulmonary lesions were in the stage of obvious absorption but 
not complete absorption. CT showed that the large area of consolidation was reduced, 
the density was reduced, the edge had shrunk, and there were significantly more 
bands and incomplete absorption of fibrosis shadows. The area was similar to a fishing 
net hanging on a branch that was not fully spread under the background of the 
increased bronchovascular bundle”[13].

In the longer-term follow-up, CT scans showed various presentations. Zhuang et al
[19] observed in the first CT scan after discharge further absorption of the lung lesions. 
Also, GGOs, consolidations and linear opacities were still found in some patients. In 
the case series of Urciuoli and Guerriero[24], 2 patients presented persistence of a 
mixed pattern with GGO and fibrous streaks, 1 patient fibrotic stripes, 1 patient a 
mixed pattern with interlobular septal thickening and patchy GGOs and 1 patient 
fibrotic pattern[24].

Wang et al[22], who followed the CT scan until 4 wk after discharge, found mainly 
linear opacities. Liu et al[17] still observed in some patients GGOs and fibrous stripes 
even at the 3 wk radiological follow-up, even with a decreasing trend (GGO during the 
1st week and fibrous stripes during the 3rd wk). Two additional signs were found 
during the evolution: “tinted” sign and bronchovascular bundle distortion. The 
“tinted” sign was demonstrated to coincide with an extension of the GGO area and a 
decrease in its density. According to the authors, the appearance of this pattern 
probably implied the gradual resolution of inflammation with re-expansion of alveoli. 
The bronchovascular bundle may be caused by inflammatory distraction or subseg-
mental atelectasis[17].

DISCUSSION
Current evidence of the temporal evolution of COVID-19 pneumonia derives from 
studies evaluating a relatively short follow-up period, and data about long-term 
radiological (and clinical) sequelae are still awaited[17,22,25,26]. The hallmark of early 
COVID-19 pneumonia includes bilateral, peripheral GGOs and consolidation often 
showing features resembling organizing pneumonia, such as a perilobular distribution 
and “reversed halo” sign (i.e. a focal, rounded area of ground-glass surrounded by a 
ring or arc of denser consolidation)[27,28]. These findings are non-specific and 
variably comprise foci of edema, organization and diffuse alveolar damage that are not 
too far removed from patients with other acute injuries, even noninfectious[29,30]. 
Notably, up to 56% of patients have been reported to demonstrate no abnormalities in 
the first 3 d after onset of symptoms, while conversely patients with no symptoms may 
show abnormal CT findings[31]. Moreover, still in the initial phase of the disease, 
pulmonary opacities may be unilateral and lack the characteristic peripheral distri-
bution, possibly reducing diagnostic confidence in differentiating COVID-19 from 
potential mimickers such as heart failure and other infections[21,32].

The severity of acute COVID-19 manifestations is likely to peak within 2 wk from 
the disease onset, though reported temporal evolution varies depending on the 
studied population[12,13,18,21,31]. In this phase, patients may show an increasing 
extent of pulmonary consolidation, which parallels lung injury evolution. With the 
awareness of the heterogeneous studies included in the present analysis and intrinsic 
individual variation of the disease course, patients have been found to enter the so-
called absorption stage roughly 14 d from the disease onset[12,13,18,21]. During this 
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period, consolidation tends to wane, while other findings such as linear opacities, 
parenchymal bands and reticulation possibly emerge, sometimes leading to a “fibrotic-
like” appearance[26]. Even in this last case, it remains unclear whether residual 
abnormalities truly represent irreversible disease or will solve over time as no studies 
with a follow-up period greater than 6 mo have been performed so far[26,33]. 
Remarkably, most studies examined CT patterns in isolation at various time points 
rather than temporal changes of each pulmonary finding, providing valuable 
information about the overall disease evolution but missing the opportunity to 
examine regional linkages between patterns. Future studies are needed to explore how 
underlying pathogenetic pathways such as diffuse alveolar damage and an auto-
inflammatory response would determine imaging features of COVID-19. In this 
regard, the role of baseline risk factors such as vascular thrombosis and interstitial 
lung abnormalities remains poorly investigated.

Besides providing clues to assess COVID-19 morphological changes, CT has been 
used to enrich clinical and laboratory findings to quantify disease severity in the acute 
setting and longitudinal evolution[12,18,21]. Various methods have been employed to 
assess CT lung involvement in COVID-19, including qualitative, semi-quantitative and 
software-based quantitative scoring systems[12,18,21,34-37]. In the included works, 
most CT scores were based on semi-quantitative methods, while only two studies used 
artificial intelligence techniques. Several parameters such as symptoms, oxygenation 
status and laboratory measures of infection and inflammation have been found to 
correlate with parenchymal involvement at CT, highlighting the potential role of 
imaging in predicting the clinical course of COVID-19 and optimizing patient care[38-
40]. However, further evidence is needed to demonstrate CT scoring usefulness to 
manage COVID-19 and its actual impact on clinical decision-making in the acute and 
follow-up setting.

Clinical compendium: Pulmonary sequelae of COVID-19
The clinical counterpart of long-term radiological outcomes of COVID-19 pneumonia 
is a topic of growing interest. After the first wave of COVID-19, the awareness of 
patients suffering from residual symptoms, persistent beyond the acute phase of the 
disease, became very common, leading to the description of a post-COVID syndrome 
or Long-COVID[41]. However, the type and severity of respiratory impairment or 
functional sequelae are still unknown.

The current knowledge gained from the previous coronavirus outbreaks (SARS-
CoV-1 in 2002-2004 and Middle East respiratory syndrome coronavirus in 2012) and 
the general understanding about outcomes in the acute distress respiratory syndrome 
suggest that some COVID-19 survivors might experience impaired lung function and 
exercise limitation, and some of them develop interstitial lung disease in the mid-long 
term[42-44].

Up until recently, only a few retrospective studies, including small samples, showed 
that patients might experience a reduction of forced vital capacity (13 patients at 6 wk)
[45] and of forced vital capacity, forced expiratory volume in the first second, total 
lung capacity (TLC) and diffusion lung carbon monoxide (DLCO) (55 patients at 3 mo)
[46].

In one of the largest cohorts studied to date describing the medium-term 
consequences of the infection (767 patients, follow-up at median time of 81 d after 
discharge), 51.4% of the patients reported being still symptomatic, with fatigue 
(55.0%), exertional dyspnea (45.8%) and post-traumatic psychological consequences 
(30.5%) as the most reported symptoms. Impaired lung function was found in 19% of 
the patients (reduced DLCO with or without restrictive pattern)[47].

Anastasio et al[48] recently published a study on 379 patients evaluated 4 mo after 
the diagnosis of COVID-19. Almost 69% of the patients reported almost one residual 
symptom. Patients who had pneumonia showed lower SpO2 at rest and during the six-
minute walking test and TLC compared with patients without prior pneumonia. 
Furthermore, the authors found an association between SpO2/FiO2 ratio and the 
pneumonia severity index during the acute phase, and mid-term alteration in SpO2 at 
rest and during six-minute walking test, TLC, residual volume and forced vital 
capacity[48].

In an Italian study with 238 patients enrolled, DLCO was reduced less than 80% of 
the predicted value in more than half of the patients at 4 mo follow-up, and in 15.5% of 
the cases were less than 60%. More than 50% of the patients showed functional 
impairment assessed with Short Physical Performance Battery and 2-minute walk test
[49].

In another large cohort of 647 patients evaluated at 3 mo follow-up, patients 
reported ongoing symptoms, in particularly fatigue (13%), palpitation (10%) and 
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dyspnea (9%). Those symptoms were significantly higher in patients who experienced 
severe COVID-19 compared to non-severe patients. In this cohort, only 81 patients 
were assessed with lung function test. More than half of the patients showed reduced 
DLCO. Similarly to symptoms, an impaired DLCO was more frequently associated 
with severe cases than non-severe (68% vs 42%). On a multivariate analysis, a CT total 
severity score > 10.5 and acute distress respiratory syndrome were significantly 
associate with impaired DLCO[50].

Similar results were found in a smaller cohort of 22 patients at 3 mo follow-up. 
Furthermore, on multivariate analysis, low TLC was associated with the need for 
mechanical ventilation and low forced expiratory volume in the first second with a 
high APACHE II score[51].

In a cohort of 119 patients who survived severe COVID-19 evaluated at 2 mo after 
discharge, respiratory symptoms (breathlessness 32%, cough 7%) were less frequent 
than persistent fatigue (68%), sleep disturbance (57%), anxiety and depression (22% 
and 18%, respectively) and post-traumatic stress disorder (25%). Despite radiological 
resolution in 87% of the patients, 41% reported persistent limitations in everyday life, 
and 44% had a Modified British Medical Research Council Questionnaire grade above 
the pre-COVID19 baseline[52]. A similar study on 134 patients found breathlessness as 
the most commonly reported symptoms (68%) followed by myalgia (51.5%), extreme 
fatigue (39.6%), low mood (37.3%) and sleep disturbance (35.1%)[53].

Long-term follow-up will help understand the impact of COVID-19 pneumonia on 
lung pathophysiology. Therefore, it is advisable to schedule serial follow-up in 
patients that still present lung function impairment or exercise limitation.

CONCLUSION
At present, the available literature focus on the acute phase of radiological follow-up 
of COVID-19 pneumonia and describes well-defined stages in the first few weeks after 
the onset of the symptoms.

The most common finding seems to be a peak of lung involvement reached roughly 
within the first 2 wk, characterized mainly by the growth of GGOs and consolidations. 
After that peak, these manifestations are gradually absorbed, and repairing signs, such 
as linear opacities, fibrous stripes, subpleural line sign and fibrosis shadows, tend to 
appear.

When considering later follow-up, up to 4 mo, lesions are usually not completely 
absorbed. A longer follow-up is definitely needed, especially to check whether the 
later signs are reversible and how they affect patients’ conditions. Following CT scan 
evolution over time could help physicians better understand the clinical impact of 
COVID-19 pneumonia and manage the possible sequelae.

ARTICLE HIGHLIGHTS
Research background
Pneumonia is the main manifestation of severe acute respiratory syndrome 
coronavirus 2 infection. Chest computed tomography is an effective way to detect and 
keep track of coronavirus disease 2019 pneumonia cases over time.

Research motivation
As of now, few studies evaluated serial computed tomography scan temporal changes 
during the course of severe acute respiratory syndrome coronavirus 2 pneumonia.

Research objectives
This systematic review describes the dynamic evolution of coronavirus disease 2019 
pneumonia, considering the available literature on this topic.

Research methods
A systematic review according to PRISMA guidelines was performed. Pertinent 
keywords on PubMed were used.

Research results
Different and well-defined stages characterized the first few weeks after the onset of 



Casartelli C et al. Radiological evolution of COVID-19 pneumonia

WJR https://www.wjgnet.com 304 September 28, 2021 Volume 13 Issue 9

the symptoms.

Research conclusions
A peak of lung involvement within the first 2 wk, followed by the gradual absorption 
of the lesions and the advent of repairing signs was observed. Later follow-up showed 
that lesions were usually not completely absorbed, at least up to 4 mo.

Research perspectives
Longer follow-up is needed to check whether the later signs are reversible and how 
they affect patients’ conditions.
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Abstract
BACKGROUND 
Symptomatic neonatal subdural hematomas usually result from head trauma 
incurred during vaginal delivery, most commonly during instrument assistance. 
Symptomatic subdural hematomas are rare in C-section deliveries that were not 
preceded by assisted delivery techniques. Although the literature is inconclusive, 
another possible cause of subdural hematomas is therapeutic hypothermia.

CASE SUMMARY 
We present a case of a term neonate who underwent therapeutic whole-body 
cooling for hypoxic ischemic encephalopathy following an emergent C-section 
delivery for prolonged decelerations. Head ultrasound on day of life 3 demon-
strated a rounded mass in the posterior fossa. A follow-up brain magnetic 
resonance imaging confirmed hypoxic ischemic encephalopathy and clarified the 
subdural hematomas in the posterior fossa causing mass effect and obstructive 
hydrocephalus.

CONCLUSION 
The aim of this report is to highlight the rarity and importance of mass-like 
subdural hematomas causing obstructive hydrocephalus, particularly in the 
setting of hypoxic ischemic encephalopathy and therapeutic whole-body cooling.
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Core Tip: Screening head ultrasound during hypothermia protocols for hypoxic 
ischemic encephalopathy (HIE) warrant scrutiny for hemorrhage in unexpected 
locations. Symptomatic subdural hematomas warrant a high degree of clinical 
suspicion, particularly due to their rarity in children delivered by C-section. This report 
highlights the emerging association of HIE, therapeutic hypothermia, and perinatal 
intracranial hemorrhage. Prompt imaging and neurosurgical intervention may relieve 
hemorrhage induced obstructive hydrocephalus during therapeutic cooling with good 
neurological outcomes, preventing need for permanent cerebrospinal fluid diversion. 
Familiarity with the key imaging characteristics and clinical exam features of mass-like 
subdural hematomas can help the treatment team consider the diagnosis, and 
potentially enable a prompt recovery.

Citation: Rousslang LK, Rooks EA, Meldrum JT, Hooten KG, Wood JR. Neonatal infratentorial 
subdural hematoma contributing to obstructive hydrocephalus in the setting of therapeutic 
cooling: A case report. World J Radiol 2021; 13(9): 307-313
URL: https://www.wjgnet.com/1949-8470/full/v13/i9/307.htm
DOI: https://dx.doi.org/10.4329/wjr.v13.i9.307

INTRODUCTION
Perinatal symptomatic subdural hematomas (SDH) are rare. They most commonly 
occur in the posterior fossa and are classically thought to result from venous 
disruption caused by birth trauma[1,2]. Although there are case reports of neonatal 
SDH after spontaneous vaginal delivery, or in-utero, it is still rare to observe a 
symptomatic SDH following an atraumatic C-section[3,4]. Hypoxic ischemic enceph-
alopathy (HIE) has recently emerged as a potential cause of SDH, but the evidence is 
unclear and debated, with much of it based on autopsy[5-8]. Therapeutic hypothermia 
also appears to contribute to SDH, and whole-body cooling has been shown to impair 
hemostasis in vivo[9]. Additionally, Wang et al[10] recently reported a case of 
therapeutic cooling that is thought to have led to a massive SDH.

To the best of our knowledge, this is the first case in the literature to date of a 
neonate who developed a mass-like subdural hemorrhage of the posterior fossa while 
undergoing whole-body cooling causing obstructive hydrocephalus, following a non-
traumatic C-section delivery.

CASE PRESENTATION
Personal and family history
A boy was born at 38 wk and 5 d to a gravida 3, aborta 2 mother via emergent C-
section for prolonged decelerations and arrest of descent which was thought to be 
related to maternal difficulty in coordinating pushing efforts with contractions while 
receiving epidural anesthesia. The decelerations did not respond to changes in 
maternal positioning, or administration of supplemental oxygen and intravenous 
fluids. The mother had no pre-existing conditions, and was up to date with all vaccin-
ations. His prenatal course was completely normal, including a 20-wk anatomy scan 
demonstrating normal brain imaging. Thick meconium was present at delivery, which 
was otherwise uncomplicated.

Physical examination
His birth weight was 4.0 kg, with APGAR scores of 11, 35, 410, and 615. At birth he was 
apneic, with a heart rate < 60, requiring chest compressions and intubation. Shortly 
after intubation he developed pulmonary hemorrhage and acute hypoxemic 
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respiratory failure that responded well to endotracheal epinephrine. His respiratory 
issues were thought to be caused by the aspiration of the thick meconium.

Laboratory examinations
Immediately after birth, his international normalized ratio (INR) was 2.3, with 
prothrombin time of 25.6 s, activated partial thromboplastin time of 65 s, and platelets 
of 81 × 103 platelets/uL. To correct his coagulopathy, he was given platelets, 
cryoprecipitate, and fresh frozen plasma for hemostasis, with downtrend in INR to 1.0 
and uptrend in platelets to normal levels (> 150 × 103 platelets/uL) over the next four 
days.

Imaging examinations
Head ultrasound (HUS) on the first day of life (DOL) demonstrated left grade 1 
germinal matrix hemorrhage, but no other intra-cranial hemorrhage. The patient was 
then started on whole-body cooling for HIE.

On his fourth day of whole-body cooling, the patient was found to have an 
increasing head circumference, increasing fontanelle size and fullness, and apneic 
events, suggestive of obstructive hydrocephalus. His exam further revealed a poor gag 
reflex and diminished response to stimuli with decreased spontaneous movement. 
Head ultrasound demonstrated a newly visualized mass in the infratentorial region, 
thought to represent a cerebellar or tentorial hemorrhage (Figure 1) and the patient 
was re-warmed.

FINAL DIAGNOSIS
A same-day brain magnetic resonance imaging (MRI) was performed, revealing a 2.5 
cm hematoma in the posterior fossa causing extensive mass effect on the cerebellum, 
and effacement of the fourth ventricle leading to an obstructive hydrocephalus. There 
was also widespread hypoxic ischemic injury (Figure 2 and Figure 3). A ventricular 
access device was placed that day for intermittent cerebrospinal fluid (CSF) diversion.

On DOL 20, due to an increase in apneic and bradycardic episodes, and increasing 
hydrocephalus on HUS, a repeat MRI was performed, and demonstrated acute on 
chronic bleeding into the subdural space (Figure 4).

TREATMENT
Later on DOL 20, the patient underwent successful supratentorial burr-hole 
evacuation of the subdural hematoma as well as a sub-occipital craniectomy with an 
infratentorial, supracerebellar evacuation of the thrombus.

OUTCOME AND FOLLOW-UP
Post-operative imaging demonstrated near complete resolution of the subdural 
hematoma (Figure 5). MRI at 15 mo of age (Figure 6) demonstrated improved 
hydrocephalus. At the time of submission, the patient is 29 mo old, and suffers from 
right spastic hemiplegic cerebral palsy, an expressive aphasia, and strabismus.

DISCUSSION
While asymptomatic SDH are commonplace after delivery, symptomatic SDH are rare 
in neonates, with an incidence of approximately 3.8-5.2 of 10000 Live births[11-13]. 
SDH typically occur in the posterior fossa and are thought to arise from head trauma 
during vaginal delivery[1,2]. Infratentorial SDH most commonly results from falx or 
tentorial tears with bridging vein disruption and are worrisome because of their 
propensity to cause obstructive hydrocephalus, even with small volume bleeds[2]. 
Elective C-section deliveries are rarely associated with symptomatic SDH, likely due to 
lower rates of birth trauma.

Many researchers have conjectured that SDH can be secondary to cerebral ischemia
[5-8]. The prevailing theory is that ischemia leads to damage of immature blood 
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Figure 1 Head ultrasound through an oblique posterior parietal approach on 3rd day of life. The figure demonstrates an echogenic mass (arrows) in 
the posterior fossa, inferior to the tentorium, measuring 1.2 cm in its greatest dimension (A) with flow in the straight sinus and lack of flow on power Doppler within the 
mass (B).

Figure 2 Axial T2 fluid-attenuated inversion recovery on 4th day of life. A: A 2.3 cm × 1.7 cm × 2.5 cm rounded thrombus (arrows) and subdural 
hemorrhage (arrowheads) as well as transverse sinus thrombosis; B: Sagittal T2 demonstrates thrombus (arrow) in posterior fossa superior to cerebellum causing 
downward mass effect on the cerebellum and fourth ventricle (arrowheads); C, D: Axial diffusion weighted imaging (C) and corresponding ADC map (D) demonstrate 
diffusion restriction in the corpus callosum (arrowheads), posterior parietal, temporal, and occipital lobes. Other scattered areas of diffusion restriction were noted 
throughout the brain and brainstem including the pons, cerebellum and posterior frontal lobes (not shown).

vessels, especially those of the richly vascularized falx cerebri, causing microvascular 
permeability that leads to intradural hemorrhage (IDH), which is then exacerbated by 
increased venous pressure[8]. IDH then leads to damage of the weak cell layer 
between the arachnoid and the dura, causing SDH[8]. However, other smaller studies 
still debate this theory[14].

The delayed presentation of the SDH in the setting of therapeutic cooling and HIE is 
what makes this case unique. Our patient’s HIE was likely due to meconium 
aspiration and pulmonary hemorrhage resulting in asphyxia and acute hypoxemic 
respiratory failure requiring intubation at birth. The presence of the germinal matrix 
hemorrhage on initial head ultrasound did not preclude the whole-body cooling 
protocol from being initiated. Although initial therapeutic hypothermia is not known 
to cause spontaneous SDH, in-vivo studies have shown that hypothermia can impair 
hemostasis[15]. Furthermore, many of the studies involved in evaluating whole-body 
cooling were not powered to assess for harm[10]. Given this case involved a C-section 
with no significant birth trauma, and a delay in the clinical and radiographic 
presentation of the hemorrhage, it is likely in this case as Cohen et al[8] suggests that 
the SDH occurred as a result of cerebral ischemia, and hypothermia exacerbated the 
condition.

Successful treatment of neonatal posterior fossa subdural hematomas has been 
reported in the literature as early as 1940. In the largest reported clinical series of 15 
infants, Perrin et al[4] demonstrated that successful surgical evacuation of posterior 
fossa hemorrhages can relieve obstructive hydrocephalus and prevent the need for 
permanent CSF diversion with good neurologic outcomes. Generally, conservative 
management is recommended initially but in the presence of hydrocephalus, a 
worsening clinical exam, or an enlarging hematoma, surgical evacuation should be 
considered.
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Figure 3 Brain magnetic resonance imaging on 10th day of life. A: Follow-up brain magnetic resonance imaging on 10th day of life re-demonstrates the 
posterior fossa mass (arrow), with interval high signal on sagittal T1 consistent with evolving blood products, as well as persistent subdural hematoma (arrowheads); 
B: PA coronal MRI venography demonstrates absent flow in the transverse sinus consistent with transverse sinus thrombosis.

Figure 4 Follow-up magnetic resonance imaging on 20th day of life. A: Follow-up magnetic resonance imaging on 20th day of life revealed evolving blood 
products (orange arrows) in the subdural space on axial T2, with interval left greater than right cystic encephalomalacia in the parietal and occipital lobes and left 
greater than right ex-vacuo dilatation of the lateral ventricles (two direction arrow); B: Coronal T1 demonstrates degrading blood product in the right temporal lobe 
subdural space, and central and peripheral infratentorial subdural spaces (orange arrows) with cortical laminar necrosis (arrows) and increasing obstructive 
hydrocephalus (two-direction arrow).

CONCLUSION
Screening HUS during hypothermia protocols for HIE warrant scrutiny for 
hemorrhage in unexpected locations. Symptomatic subdural hematomas warrant a 
high degree of clinical suspicion, particularly due to their rarity in children delivered 
by C-section. This report highlights the emerging association of HIE, therapeutic 
hypothermia, and perinatal intracranial hemorrhage. Prompt imaging and 
neurosurgical intervention may relieve hemorrhage induced obstructive 
hydrocephalus during therapeutic cooling with good neurological outcomes, 
preventing need for permanent CSF diversion. Familiarity with the key imaging 
characteristics and clinical exam features of mass-like SDH can help the treatment 
team consider the diagnosis, and potentially enable a prompt recovery.



Rousslang LK et al. Subdural hematoma in the setting of therapeutic cooling

WJR https://www.wjgnet.com 312 September 28, 2021 Volume 13 Issue 9

Figure 5  A sagittal T1 magnetic resonance imaging done immediately after subdural hematomas evacuation demonstrates near 
complete resolution of the subdural hematomas (arrow) and resolution of the obstructive hydrocephalus.

Figure 6 Follow-up magnetic resonance imaging at 15 mo. A: Follow-up magnetic resonance imaging at 15 mo demonstrates continued resolution of the 
subdural hematomas and obstructive hydrocephalus on sagittal T2. Note the focal encephalomalacia at the pons (arrow); B: Axial T2 demonstrates encephalomalacic 
change manifested by thinning of the posterior corpus callosum (arrowheads), decreased gray and white matter of the posterior occipital regions bilaterally (arrows), 
and colpocephaly of the left lateral ventricle (two direction arrow).
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Abstract
Gastrointestinal (GI) cancers often require a multidisciplinary approach involving 
surgeons, endoscopists, oncologists, and interventional radiologists to diagnose 
and treat primitive cancers, metastases, and related complications. In this context, 
interventional radiology (IR) represents a useful minimally-invasive tool allowing 
to reach lesions that are not easily approachable with other techniques. In the last 
years, through the development of new devices, IR has become increasingly 
relevant in the context of a more comprehensive management of the oncologic 
patient. Arterial embolization, ablative techniques, and gene therapy represent 
useful and innovative IR tools in GI cancer treatment. Moreover, IR can be useful 
for the management of GI cancer-related complications, such as bleeding, 
abscesses, GI obstructions, and neurological pain. The aim of this study is to show 
the principal IR techniques for the diagnosis and treatment of GI cancers and 
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related complications, as well as to describe the future perspectives of IR in this 
oncologic field.
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Core Tip: Interventional radiology is a minimally-invasive tool for the diagnosis and 
treatment of different gastrointestinal cancers, representing a useful alternative to more 
invasive approaches such as surgery and endoscopy. Hereby, we describe the different 
radiological techniques for the diagnosis and treatment of gastrointestinal cancers and 
related complications, underlining the role of this specialty in cancer patient’s care.

Citation: Reitano E, de'Angelis N, Bianchi G, Laera L, Spiliopoulos S, Calbi R, Memeo R, 
Inchingolo R. Current trends and perspectives in interventional radiology for gastrointestinal 
cancers. World J Radiol 2021; 13(10): 314-326
URL: https://www.wjgnet.com/1949-8470/full/v13/i10/314.htm
DOI: https://dx.doi.org/10.4329/wjr.v13.i10.314

INTRODUCTION
Gastrointestinal (GI) cancers are currently among the five most common cancers 
worldwide for both men and women[1]. According to the GLOBOCAN 2018, colon 
cancer and gastric cancer represents respectively the 3rd and 5th most common cancers
[2,3]. Some GI, such as the pancreatic cancer (PC), are rarer but burdened by a high 
mortality rate[4]. PC represents the thirteen most common cancer and the seventh 
most common cause of cancer-related death[4]. The incidence of GI cancer shows 
significant geographical variations, with colorectal cancer incidence higher in Western 
Countries and North America[3,5], whereas gastric cancer incidence is higher in Asia 
and Africa[2]. These geographical differences are mainly linked to environmental and 
lifestyle factors such as nutritional habits, alcohol intake, genetics, and obesity[2,5].

Nowadays, the “gold standard” management of cancers involves a multi-specialist 
staff consisting of oncologists, surgeons, endoscopists, and radiologists to provide a 
multi-disciplinary diagnostic and treatment approach to the oncologic patient.

Interventional radiology (IR) is getting a key role in oncologic patients' cares, being 
an essential tool in both the initial diagnosis and the subsequent treatment, as well as 
in the management of the related complications[6]. IR provides adequate diagnostic 
samples through a minimally invasive access, which can be obtained under imagine 
guidance by percutaneous and needle aspiration[7]. Therapeutic applications of IR in 
oncology are mainly focused on local cancer treatment, including radiofrequency (RF) 
ablation or trans-arterial chemoembolization (TACE)[8]. Cancers complications, such 
as pain, bleeding, organ obstructions, or venous thrombosis can also be managed by 
IR, with the eventual placement of gastrostomy or jejunostomy in selected patients[9,
10].

This article aims to analyse the current roles of IR in GI cancer management and 
provide an extensive overview of the current literature on the topic. In this article, only 
cancers located in the GI tract (from the esophagus to the colon) will be considered. 
Liver, pancreas, and biliary tract will not be taken into account, as they should require 
a separate discussion.

IR IN THE DIAGNOSIS OF GI CANCERS
The adequate treatment of GI cancers depends on a timely definitive diagnosis and the 
staging of the disease[11]. Imaging techniques improved the assessment and staging of 
cancers, but the histological analysis represents the gold standard for the definitive 
diagnosis of this disease. Biopsies samples are required to assess the biomarker status 
of different solid GI cancers and should be performed not only for the initial diagnosis 
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but at multiple end-points, to detect the cancer progression, predict the prognosis and 
guide the next-line therapy[12]. The improvement of the histological and cytological 
analysis, especially in the field of immunochemical examination, enables the identi-
fication of the primary tumor site and predicts the sensitivity to chemotherapeutic 
drugs[13].

Minimally invasive techniques have a prominent role in this contest. Endoscopy 
currently represents the first-level procedure for the histological diagnosis of GI 
cancers. However, lesions located within the submucosa or subserosa (such as 
lymphoma or gastrointestinal stromal tumours), may be difficult to diagnose with this 
approach[14]. Cancers located in the small bowel or colon could be not always 
reachable by the endoscope, due to their location or to stenosis of the lumen[14]. In this 
case, biopsies can obtain by interventional radiologists through direct visualization 
under image guidance of the masses, allowing the safe passage of the needle and 
minimising the trauma to the surrounding areas. In biopsy planning, imaging 
techniques help to define lesion location, accessibility, and suitability for biopsy also 
providing the identification of the mass to sample, in the context of multiple lesions
[6]. In case of metastasis on the liver, not accessible by endoscopy, IR-biopsy can help 
to identify the primary tumour and define a tissue diagnosis[6].

The choice of imaging guidance modality is multifactorial and there are different 
options. Ultrasonography (US) is a fast and cost-effective technique, that guarantees 
real-time imaging, allowing the monitoring of the needle trajectory to the target lesion, 
without radiation exposure. US-guided percutaneous biopsy provides the diagnosis of 
solid abdominal organ lesions located in the spleen, pancreas, or lymph nodes, with 
high diagnostic accuracy and low complications and mortality rates[15]. Moreover, US 
is useful in guiding biopsies with intracavitary access and must be considered as a 
diagnostic alternative tool for the diagnosis of low rectal lesions and stromal tumours
[16]. The success of US depends on different factors, such as the operator experience
[16]. However, different studies suggested US superiority to computed tomography 
(CT)-guided biopsies, in case of lesions visible with ultrasounds[15,16]. CT-guided 
biopsy provides a more defined anatomical image, allowing a more precise needle 
localization when compared to US, showing to be particularly useful in case of pelvic 
or deep biopsies, which can be difficult to be performed using US. However, CT-
guided biopsies have a low real-time guidance capability to track the needle and the 
target location, requiring intermittent sweeps of the region of interest to confirm the 
location of the needle during the procedure, thus increasing the biopsy time. The 
principal disadvantage of the procedure is clearly linked to the radiations exposure 
expecially for the patients, with radiation dose-related to different factors such as the 
total scan time, the peak tube kilovoltage (kVP), and milliamperage (mA), the part of 
the body that must be scanned and the size of the patient[17]. CT-fluoroscopy is an 
alternative method resulting from technical advantages of the common CT, which 
allows near real-time imaging of the needled trajectory, reducing the procedural time. 
Fluoroscopic images are acquired at a lower mA, reducing the radiation dose to the 
patient, but increasing the radiation dose to the staff, due to the proximity of the 
physician to the x-ray source during the procedure[18]. However, recent available 
fusion image guidance systems allow decreasing the radiation exposure through real-
time projection during the US-guided biopsies of a needle on to pre-existing CT or 
magnetic resonance imaging (MRI) image, improving at the same time the accuracy of 
the procedure[19]. Cone-beam computed tomography (CBCT) guided biopsy, 
represents the last frontier in the field of IR. Although its extensive use in pleural and 
pulmonary masses, its virtual navigation system allowed to increase the diagnostic 
accuracy of the target lesion through a 3D visualization and real-time guidance of the 
needle trajectory[20], with initial applications also for the diagnosis of GI lesions[21].

IR IN GI CANCERS TREATMENT 
Arterial embolization
Arterial embolization (AE) is a useful therapeutic option for hypervascular cancer 
treatment. Therefore, AE is widely used in liver metastasis treatment, instead of 
primary GI cancers[22].

Imagine-guided cancer treatment represents a minimally invasive alternative or 
adjunct to surgery in the management of GI tumours[23,24]. AE consists of the identi-
fication of the arterial supply of a solid tumour in CT or MRI and the devascular-
ization of the pathological tissue through transcatheter embolization[24]. Vessels 
occlusion can be achieved using polyvinyl alcohol, blood clots, coils, and liquid 
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embolic introduced into the tumour bed through fluoroscopic arterial catheterization 
in IR[25,26]. The interruption of the cancer supplies induced hypoxia and inhibits the 
tumour growth. Therefore AE can be used in conjunction with ablative treatments or 
as an alternative to surgery[26]. Indeed, in the case of hypervascular cancers, this 
technique helps to reduce operative blood loss[27]. AE has a prominent role in the 
treatment of hepatic metastasis, especially from colon or rectal cancer[28-30]. In this 
context, a modification of this technique, the TACE, allowed the infusion of a single or 
combination of chemotherapy agents in the hepatic pathological tissue through the 
selective hepatic artery embolization[31-33]. This technique reduces the systematic 
dose of chemotherapy agents, allowing them to reach a higher local concentration. 
TACE should be repeated for more sessions until the complete devascularization of 
the pathological tissue[32]. Finally, separate mention should be given to the radioem-
bolization, despite its use is limited to hepatic pathological tissue. It consists of beta-
radiation emitting radio-isotopes directly into the mass employing microspheres (glass 
or resin) resulting in selective tissue necrosis[32].

Ablative techniques
Local cancers ablation is an alternative technique for early stages or not candidate for 
surgical resection[34]. Tumour ablation mediated by IR allowed pathological tissue 
necrosis in different modalities, including RF, microwave, and cryotherapy[34]. RF 
ablation (RFA) is mainly applied in liver metastasis of gastric and colon cancers[35,
36]. RFA consists of the administration of electrical energy to a tissue, through an 
electrode connected in a closed-loop circuit to a monopolar or bipolar energy source
[8]. The tissue reached a temperature higher than 60 degrees Celsius with consequent 
thermal damage. RFA is a safe technique with a lower mortality rate (0.3%) and 
complication rate (2.2%)[8], with an efficacy, described also in the context of skeletal, 
renal, and lung metastasis with curative or palliative purpose[37-39]. Conversely to 
RFA, cryotherapy induces cell necrosis by applying subfreezing temperatures, using 
nitrogen or argon gas under high pressure[40]. The process of freezing-thawing must 
be repeated to obtain an effective ablation due to the mechanical stress-induced to the 
cell membranes[41]. CT identifies the ablated zone in real-time as a low-density area
[41]. Acting by a mechanism of osmosis and necrosis, different studies suggested that 
the intracellular content that remains intact allows inducing an immune-specific 
reaction with an onco-suppressive effect outside the ablated tissue. However, these 
considerations are based on preclinical studies[42,43], and prospective clinical trials 
are needed to confirm these data. Microwave ablation is based on the application of 
electromagnetic energy within a range of at least 915 MHz, agitating the water 
molecules in target tissue and inducing cell death through coagulation necrosis[44]. 
Despite microwave showed equivalent or higher clinical efficacy if compared to RFA, 
however, RFA showed lower recurrence rates and a higher survival rate achieving 
extensive necrosis after few sessions, with less post-procedural pain[45,46]. In any 
case, the decision of which ablation methods should be used, must take into consid-
eration several factors such as the tumour type and location (especially the proximity 
to vulnerable areas) and patients’ comorbidities.

Gene therapy
Advanced in immunology and molecular oncology led to the development of gene 
therapy. It consists of the administration of genetic agents into a tissue in order to 
stimulate the immune response, reduce the oncogenic expression, modulate the 
angiogenesis or modify the response to chemotherapeutics[47]. The selective arterial 
injections of genetic agents are followed by the vessel embolization, to assure the 
administration of the substance directly into the mass, limiting the adverse effects and 
increasing the local dwell time[47]. Genetics agents are typically transferred into the 
cell through vector agents which allow them to cross cell membranes[48]. Vectors are 
usually plasmids, phospholipidic agents, or viruses like adenovirus, Epstein-Barr 
virus, and retroviruses (which provided a lasting genetic expression)[48]. However, 
clinical studies on gene therapies are very limited and, although the results look 
promising (especially in the treatment of liver metastases), further studies are needed 
to confirm the data[48,49].

IR in the treatment of GI cancers complications 
IR has also a role in the minimally invasive treatments of different GI cancers complic-
ations, avoiding reoperations and allowing a speeding recovery time[50]. Therefore, IR 
plays a key role in the field of oncology, contributing to revolutionize the 
postoperative management of these patients. Indeed, IR allows management of 
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possible complications, which would otherwise require a new surgery, in a minimally 
invasive way.

IR also provides a palliative treatment in advanced GI cancers stages, through 
diminishing pain or allowing symptoms reduction[9,51].

Bleeding
Besides the role of AE and its modification in the treatment of hepatic pathological 
tissues, its use in GI cancers is limited to acute bleeding treatments[23,52]. Bleeding 
from advanced gastric cancers accounts for 1% to 8% of the upper gastrointestinal 
bleedings (UGIB), causing delays in chemotherapy and increasing transfusion 
requirements[53,54]. Moreover, endoscopy represents the gold standard for UGIB, 
being able to recognize the exact source of bleeding[55]. However, in presence of 
profuse bleeding masking the exact source, endoscopy may fail to stop it[56,57]. Due 
to advances in angiography systems and haemostatic materials, IR embolization is 
recognized as an alternative modality in patients in whom endoscopy fails or is not 
indicated[58,59] IR embolization is also used in the treatment of lower gastrointestinal 
bleedings (LGIB), defined as bleeding originating distal to the ligament of Treitz[60]. 
The introduction of super-selective embolization with coaxial microcatheter systems 
and embolic agents (such as pledgets of absorbable gelatine sponge, polyvinyl alcohol, 
or other spherical particulates, micro-coils, and liquid embolic agents) represents a 
useful tool in LGBI[60,61]. According to the American College Guidelines[62] in the 
treatment of LGIB, it should be considered in high-risk patients with ongoing bleeding 
who do not respond adequately to the volume resuscitation and who are unlikely to 
tolerate bowel preparation and colonoscopy (Figure 1). Although its major 
complication is ischemia, it should be preferred as a first-line approached in these 
selected patients[63]. A new frontier for the treatment of LGIB is CBCT embolization, 
which allowed a fast identification of the bleeding site and simplifying the placement 
of the microcrater in the vessel, without requiring sequential angiography[64]. The 
indications and possible complications of these techniques are the same as the 
traditional AE, with the theoretical advantage of greater safety and efficacy due to the 
modern and accurate tools[64].

AE represents a useful tool also for postoperative bleeding, allowing to stop the 
bleeding avoiding surgical reoperation, with minimally invasive access[65]. Another 
possible complication of surgery is the arteriovenous or arterio-enteric fistulas, life-
threatening conditions[66]. Although conventional angiography is rarely used as the 
first-line imaging modality for its diagnosis, angioembolization allowed minimally 
invasive management of the fistula and to avoid major surgery[67].

Finally, in the event of an arterial bleeding from pseudoanurysm, endovascular 
treatment with covered self-expanding stent-grafts placement was reported as an 
effective method. It is performed under local anesthesia, which avoids the need for 
general or locoregional anesthesia in unstable, high-risk patients[65,66].

Abscess drainage 
An intrabdominal abscess could be the first cancer presentation[68] as well as a 
postoperative complication[50,69]. In both cases, IR is a reliable minimally invasive 
alternative to surgery, although the feasibility of this technique depends on the abscess 
location and the consistency of the contents of collections[70]. In case of deep-seated 
abscess or abscess located close to vulnerable structures, CT-guided percutaneous 
drainage is the gold standard (Figure 2). Despite the limit of a non-real-time image, it 
allowed the best image-depiction of the collection and the adjacent organs[7]. In the 
case of easily accessible abscesses, US-guided drainage must be preferred and should 
always be the first procedure in patients with simple abscesses[71]. US and CT can be 
combined with fluoroscopy to avoid guidewire kinking during the procedure and to 
monitor the placement of catheters[70]. The abscess can only be aspirated, or a catheter 
can be left in place for few days, especially when contamination or communication 
with the bowel or urinary tract is suspected[70]. Deep-seated abscess with 
interposition of organs can be drained with a surgical approach or the intervening 
organ can be traversed with a catheter[72]. This approach is not suitable for almost all 
abdominal organs, except the stomach and the liver[72,73]. Finally, transvaginal and 
transrectal drainage with US or CT guidance allows access to deep-seated abscesses 
beside the vagina or rectum, often resulting from gynecological or rectal cancers, and 
inaccessible with percutaneous methods[74,75]. Percutaneous abscess drain placement 
for abdominal and pelvic collections could be achieved also with cone-beam CT, with 
equivalent successful rate and radiation dose of conventional CT positioning and the 
advantage of reduced procedural time[76].
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Figure 1 87-year-old female with distal duodenum/proximal jejunum Ca presents with severe recurrent melenas. Endoscopic hemostasis failed 
in high risk surgical patients with hemodynamic instability and normal coagulation state, requiring embolization after transfusion and hemodynamic stabilization 
(stabilized blood pressure 90 mmHg with inotropes, HR: 110/min. Hb 6.4). A: Computed tomography-Angio: Two active bleeding sites at proximal jejunum (arrows); 
B: Selective digital subtraction angiography (DSA) from superior mesenteric artery depicting the bleeding sites (arrows); C: Selective catheterization of the feeding 
artery with microcatheter and two 3 mm micro coils deployed; D: Lesions are not depicted at final DSA.

GI obstructions 
Oesophageal or gastric cancers determining luminal obstruction, dysphagia, or 
swallowing impairment, are frequently cause of intolerance of the oral intake, 
requiring nutritional support through a gastrostomy or gastrojejunostomy[77]. The 
first percutaneous radiologic gastrostomy (PRG) was performed in 1981 using fluoro-
scopic guidance to avoid bowel and solid organs, without the need for upper 
endoscopy[10].

IR showed higher technical success and safety rates, with the advantage to be 
performed in patients not eligible for endoscopy or surgical procedures[10]. PRG 
complications are similar to the percutaneous endoscopic gastrostomy (PEG), 
including infections (23%) and the discomfort on feeding (33%)[78,79] and less 
frequent complications such as haemorrhage, ileus, aspiration of feed, and tube 
occlusion[10].

The tube dislocation is relatively common, with the possibility of easy tube 
reinsertion in the same tract if this is established for more than 2 wk. Alternatively, 
early tube dislodgment requiring repeated gastric puncture[79]. Gastrostomy and 
gastrojejunostomy can be performed also in small bowel obstruction with a 
decompression purpose with a success rate higher than 98%[80] (Figure 3). In patients 
with ascites, a paracentesis must be performed to reduce the peritoneal liquid, to 
reduce the possibility of complications such as peritonitis or peri-catheter leakage[80,
81]. Contraindications for PRG are the same as PEG, including coagulopathy as an 
absolute contraindication and immunosuppression as a relative one[10]. In the last 
years, different studies, suggested the positioning of gastroduodenal and colonic self-
expanded stent under fluoroscopic-guide as a palliative treatment, in oncologic 
patients with no indication for surgery[82,83]. Self-expanded stent are extensively used 
in the palliative treatment of duodenal and rectal occlusions, as given the smallest 
diameter of these segments, a malignant obstruction can easily occur at these levels
[82].

The positioning of the stent under fluoroscopy-guidance allowed to approach the 
obstruction and the safe placement of the stent, without the need of bowel preparation 
in case of colonic stents[82]. The use of angiographic catheters with variable head 
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Figure 2 Presacral collection following rectal surgery. A: Axial computed tomography (CT) scan demonstrating a 4 cm × 3 cm presacral fluid collection 
(arrow), with small air bubbles; B: Patient in prone position, a Chiba needle is inserted with a trans-gluteal approach under CT guidance; C and D: Mip CT images and 
3D Volume rendering reconstruction confirming the exact 8Fr drainage positioning.

Figure 3 Upper gastrointestinal cancers obstruction. A: A 60 yr female with stage 4 ovarian cancer, with peritoneal carcinomatosis causing occlusion at the 
Treitz level (arrow); B and C: After percutaneous insertion of a decompressive gastrostomy, an angiografic catheter was advanced at the level of the occlusion and 
crossed using an hydrophilic guidewire (arrow); D and E: A ballon dilatation (18 mm × 6 cm) was performed (D, arrow) and a 5 fr catheter was left in place to ensure 
enteral nutrition (E, arrow).
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Figure 4 Celiac plexus alcohol neurolysis. In a patient with metastatic pancreatic cancer and non-controlled pain, an 18G Chiba needle (arrow) is inserted 
under computed tomography-guidance with a paravertebral approach; ethanol (95%–100%) is injected into the antecrural space after confirming the needle position 
with diluted iodinate contrast medium.

shapes and easily shapable guide-wires can facilitate passing the angulated 
obstruction, which is the most common cause of endoscopic failure[82,83].

Pain control
Pain represents a significant source of morbidity in oncologic patients, especially in 
advanced stages, with an incidence ranging from 40% to 90%. According to the World 
Health Organization, opiates remain the first choice drugs in these patients. However, 
those patients with non-controlled pain or with intolerable analgesic effects could also 
benefit from interventional pain control techniques[84,85]. Upper abdominal visceral 
cancers are often poorly responsive to analgesic therapy. In these cases, nerve block or 
celiac ganglion neurolysis can reduce pain, especially related to pancreatic, gastric, and 
oesophageal cancers[86] (Figure 4). The substances most often employed in IR include 
local alcohol or phenol, which induce permanent nerve destruction, and 
triamcinolone, which reversibly blocks nocireceptors[87]. CT represents the most 
commonly used image-modality to guide the celiac axis block, with either an anterior 
or posterior approach, according to the operator experience[87]. The most frequent 
complications of these techniques are diarrhea (73%) and orthostatic hypotension 
(12%)[87].

FUTURE PERSPECTIVES
IR showed an exponential growth in the last years and represents a useful tool in the 
treatment of oncologic patients. Its role in the context of GI cancers is increasingly 
relevant, allowing for the diagnosis and treatment of cancer and related complications, 
with a minimally-invasive approach. The introduction of ablation techniques and 
monitoring devices contributed to the effectiveness and safety of IR procedures, 
allowing for the treatment of lesions close to sensitive structures, often difficult to be 
accessed by other approaches. IR is a very useful tool also in the treatment of GI cancer 
complications, e.g., bleeding from the digestive tract that cannot be reached by 
endoscopy[56].

Given the increasing relevance of IR in GI cancers management, the inclusion of 
interventional radiologists in the multidisciplinary oncologic staff is considered of 
paramount importance. Specific training programs, also including the use of 
simulators, are necessary to support the IR learning curve.

CONCLUSION
IR is a medical specialty which uses minimally-invasive technique in GI cancer 
management. Given its prominent role, the IR specialist should always be considered 
as an essential player in the multidisciplinary staff responsible for the treatment of the 
oncologic patient.
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Abstract
Coronavirus disease 2019 (COVID-19) was first discovered after unusual cases of 
severe pneumonia emerged by the end of 2019 in Wuhan (China) and was 
declared a global public health emergency by the World Health Organization in 
January 2020. The new pathogen responsible for the infection, genetically similar 
to the beta-coronavirus family, is known as severe acute respiratory syndrome 
coronavirus-2 (SARS-CoV-2), and the current gold standard diagnostic tool for its 
detection in respiratory samples is the reverse transcription-polymerase chain 
reaction test. Imaging findings on COVID-19 have been widely described in 
studies published throughout last year, 2020. In general, ground-glass opacities 
and consolidations, with a bilateral and peripheral distribution, are the most 
typical patterns found in COVID-19 pneumonia. Even though much of the 
literature focuses on chest computed tomography (CT) and X-ray imaging and 
their findings, other imaging modalities have also been useful in the assessment of 
COVID-19 patients. Lung ultrasonography is an emerging technique with a high 
sensitivity, and thus useful in the initial evaluation of SARS-CoV-2 infection. In 
addition, combined positron emission tomography-CT enables the identification 
of affected areas and follow-up treatment responses. This review intends to clarify 
the role of the imaging modalities available and identify the most common 
radiological manifestations of COVID-19.

Key Words: COVID-19; Radiology; Chest X-ray; Lung ultrasonography; Computed 

https://www.f6publishing.com
https://dx.doi.org/10.4329/wjr.v13.i10.327
http://orcid.org/0000-0001-6198-3619
http://orcid.org/0000-0001-6198-3619
http://orcid.org/0000-0002-2968-1271
http://orcid.org/0000-0002-2968-1271
http://orcid.org/0000-0001-7233-0234
http://orcid.org/0000-0001-7233-0234
http://orcid.org/0000-0002-9631-9408
http://orcid.org/0000-0002-9631-9408
http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
mailto:mchurrucaarrospide@gmail.com


Churruca M et al. COVID-19 pneumonia: Typical radiological characteristics

WJR https://www.wjgnet.com 328 October 28, 2021 Volume 13 Issue 10

Country/Territory of origin: Spain

Peer-review report’s scientific 
quality classification
Grade A (Excellent): 0 
Grade B (Very good): B 
Grade C (Good): C 
Grade D (Fair): 0 
Grade E (Poor): 0

Received: January 25, 2021 
Peer-review started: January 25, 
2021 
First decision: March 1, 2021 
Revised: March 8, 2021 
Accepted: September 14, 2021 
Article in press: September 14, 2021 
Published online: October 28, 2021

P-Reviewer: Bhardwaj R, Grassi R 
S-Editor: Gong ZM 
L-Editor: A 
P-Editor: Liu JH

Tomography; Positron emission tomography-computed tomography

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Severe acute respiratory syndrome coronavirus-2 is a single-stranded RNA 
virus that was first isolated in December 2019. Currently, the reverse transcription-
polymerase chain reaction test, performed on respiratory samples collected in 
suspected coronavirus disease 2019 (COVID-19) patients, is the gold standard 
diagnostic technique. Chest X-ray or computed tomography (CT) are the main imaging 
tests used to diagnose COVID-19 pneumonia, with ground-glass opacities and consol-
idations being the major imaging features encountered. There are other radiological 
modalities, such as lung ultrasonography and combined positron emission tomography-
CT, that can provide further information for initial assessment and follow-up treatment 
response.
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INTRODUCTION
On 31 December 2019, 27 cases of pneumonia of unknown aetiology were identified in 
the city of Wuhan (Hubei Province, China). A new pathogen, genetically similar to the 
beta-coronavirus family to which the coronaviruses that caused previous epidemics 
belong – severe acute respiratory syndrome coronavirus (SARS-CoV) and Middle East 
respiratory syndrome (MERS-CoV) – was isolated from collected respiratory samples 
and named severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2). In 
January 2020, the World Health Organization named the disease Coronavirus disease 
2019 (COVID-19) and declared a global public health emergency[1,2]. At the beginning 
of December 2020, a total of 65.8 million cases had been diagnosed, with 1.5 million 
confirmed deaths since the start of the pandemic[3].

The clinical presentation and radiological findings of COVID-19, as well as various 
diagnostic tools for its detection, have been widely described in multiple studies 
published throughout 2020. Regarding its clinical pattern, it is generally nonspecific 
and variable between individuals. In approximately 80%-90% of cases, the disease is 
mild or even asymptomatic. However, in the remaining approximately 10% of cases, 
generally frail patients with coexisting medical conditions develop a severe course of 
infection with dyspnoea, hypoxaemia and extensive radiological lung involvement[4] . 
The current gold standard diagnostic tool for the detection of SARS-CoV-2 RNA in 
respiratory samples is the reverse transcription-polymerase chain reaction (RT-PCR) 
test. This test shows a non-negligible rate of false negatives results, which can be 
attributed to errors in the extraction of nasopharyngeal swab sampling and when the 
sample is collected[5], since its sensitivity varies depending on the time since 
exposure. Thus, some studies estimate the sensitivity of the RT-PCR test to be 33% four 
days after exposure, 62% the day clinical manifestations begin and 80% three days 
after the onset of symptoms[6]. A combination of the growing and rapid spread of 
COVID-19 and the lack of RT-PCR testing kits in some affected areas has made new 
diagnostic and screening methods necessary[7]. Radiological diagnosis constitutes an 
essential component in the initial assessment of the extension and severity of the 
infection, as it is a key element to guide treatment and monitor the evolution of the 
condition[8]. So far, much of the literature has predominantly focused on charac-
terising the radiological findings most frequently seen in chest computed tomography 
(CT). However, other diagnostic modalities, such as chest X-ray, lung ultrasonography 
(LUS) and combined positron emission tomography-computed tomography (PET-CT), 
have also been useful in the assessment and management of COVID-19 patients[5].

Ultimately, clinicians will choose an imaging modality based on its advantages, the 
experience gathered with each diagnostic method and the local resources available[9]. 
This review aims to clarify the diagnostic value of the different imaging modalities 
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available and describe the most common radiological findings in COVID-19.

CHEST X-RAY
Chest X-ray is a frequently used method due to its low cost and wide availability, 
allowing various conditions to be studied in a simple and fast manner.

Furthermore, the existence of portable X-ray devices has enabled its use in intensive 
care units (ICUs). It is important that clinicians understand both the advantages and 
limitations of this imaging technique in terms of diagnosing COVID-19 pneumonia
[10].

Some studies have proposed that chest radiography is a useful method both for the 
diagnosis and follow-up of the lung pathology generated by SARS-CoV-2 infection. 
The American College of Radiology (ACR) defends the application of portable X-rays 
in order to avoid collapses in imaging departments and minimise the risk of contam-
ination associated with the intra-hospital mobilisation of COVID-19 patients and thus 
the spread of the disease[11].

Studies published during 2020 report a low sensitivity of chest X-rays in detecting 
pulmonary infiltrates during the initial phases of COVID-19 infection, as well as in 
mild forms of the disease (Table 1)[12]. In this regard, in a retrospective study of 64 
patients, Wong et al[13] noted a chest radiography sensitivity of just 69%, compared to 
91% for the RT-PCR test, and highlighted that 9% of cases in which X-ray detected 
abnormalities were initially RT-PCR negative. Both Ng et al[14] and Kim et al[15] 
found that chest X-ray has a low sensitivity when it comes to identifying lung 
alterations caused by SARS-CoV-2 infection. However, at the beginning of February, 
Chen et al[16] published a study which found a sensitivity of 100% with the use of 
chest radiography, with 74/99 patients presenting bilateral pneumonia and 25/99 
unilateral involvement. However, these results can be explained by the overload that 
the health system was experiencing at that time, when the radiological screening of 
positive COVID-19 patients was limited to severe and advanced cases. For these 
reasons, the European Society of Radiology and the European Society of Thoracic 
Imaging recommend avoiding its use as a first-line technique in the diagnosis of 
COVID-19 pneumonia, restricting its use to the follow-up of patients admitted to the 
ICU, whose fragility would make it difficult to transfer them for a chest CT scan[11].

The severity of COVID-19 pneumonia cannot be determined by a SARS-CoV-2-
positive nasopharyngeal swab; therefore, it is necessary to conduct a complementary 
radiological study. Recently, Cellina et al[17] retrospectively studied the prognostic 
predictive value of radiographic imaging performed in the initial stages of the disease 
in 246 COVID-19 patients, establishing a significant correlation between lung 
parenchymal involvement – valued by a percentage of the areas affected by ground-
glass opacities (GGOs) or consolidation – and the severity of the disease.

The most common manifestations found in the chest radiographs of COVID-19 
patients are GGOs – sometimes accompanied by reticular opacities – and lung consol-
idation, which, as in other atypical viral pneumonias, are typically multilobar and 
bilateral, generally involving the lower lobes (Table 2). One of the most specific signs 
of COVID-19 pneumonia is the peripheral and multifocal location of pulmonary 
infiltrates (Figure 1). Radiological impairments can rapidly evolve into a consolidative 
pattern, frequently reaching the peak of maximum severity and the worst pulmonary 
parenchymal involvement between 6-12 d after the onset of symptoms (Figure 2). 
Pleural effusion is extremely rare in patients infected by SARS-CoV-2, but if detected, 
is normally identified in the late stages of the disease. Lung cavitation images and 
pneumothorax are also unusual but can occur in some COVID-19 cases (Figure 3)[18]. 
Lomoro et al[19] retrospectively studied the chest X-rays of 32 patients, describing 
consolidations in 46.9% of the cases and GGOs in 37.5%, without identifying pleural 
effusion in any of them. The distribution of these findings was predominately bilateral 
(78.1%) and unilateral only in 6.2% of the cases. Furthermore, the lower lobes were the 
most frequently affected (52%), followed by 34.4% of patients who presented similar 
involvement of both the upper and lower lobes, while just 3.1% presented involvement 
in the upper lobes.

The impact of pneumomediastinum and subcutaneous emphysema during the 
COVID-19 pandemic has been described by Lemmers et al[20], who detected these 
conditions in 13% of the patients in their study. While at the outset this was considered 
to be a consequence of the barotrauma produced by mechanical ventilation in critically 
ill respiratory patients, it is nevertheless believed that these findings could be 
attributed to the Macklin effect, characterised by the rupture of the pulmonary alveoli 
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Table 1 Adapted from Chen et al[21] chest X-ray sensitivity in coronavirus disease 2019 pneumonia

Ref. Cases Initial RT-PCR RT-PCR Abnormal Bilateral

Wong et al[13], 2020 64 Positive 58/64 (91%); Negative 6/64 (9%) 64 positive/0 negative 21/64 (33%) 32/64 (50%)

Chen et al[21], 2020 99 — 99 positive/0 negative 99/99 (100%) 74/99 (75%)

Kim et al[15], 2020 28 — 28 positive/ 0 negative 13/28 (46.4%) 6 (21.4%)

Ng et al[14], 2020 21 — 21 positive/0 negative 3/5 (60%) 2/5 (40%)

RT-PCR: Reverse transcription-polymerase chain reaction.

Table 2 Most common findings of chest X-rays

Main distribution

Bilateral +++

Unilateral +

Imaging findings

Ground-glass opacities ++++

Consolidation +++

Reticular opacities +++

Pneumothorax/pneumomediastinum ++

Pleural effusion +

Lung cavitation +

Figure 1 Chest X-ray findings in a 60-year-old woman with confirmed severe acute respiratory syndrome coronavirus-2 pneumonia 
(positive RT-PCR test). PA X-ray (left) with patchy right mid-to-lower and left lower lung opacities. AP X-ray (right) with peripherally distributed bilateral lung 
opacities.

– fragile in these patients – which releases air that centripetally dissects through the 
pulmonary interstitium, reaching the mediastinum.

Ultimately, the published data suggest that chest radiography has a high utility in 
patients with SARS-CoV-2 infection, especially in those with moderate to severe 
pulmonary involvement and in the advanced stages of the disease. Moreover, it can 
serve as a first-line imaging tool when resources are limited, playing a key role in the 
monitoring of patients and the evaluation of eventual associated complications[21].
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Figure 2  PA Chest X-ray findings in a 55-year-old woman with varying degrees of coronavirus disease 2019 pneumonia defined by 
diffuse ground-glass and consolidative opacities, predominantly involving the lower zone in both lungs.

Figure 3 AP chest X-ray findings. AP chest X-ray findings (left) in an 80-year-old man with bilateral COVID-19 pneumonia and associated left pleural effusion. 
AP chest X-ray findings (right) in an 84-year-old man with bilateral alveolar infiltrates, diffusely distributed and left tension pneumothorax with subcutaneous 
emphysema.

LUNG ULTRASONOGRAPHY IN THE COVID-19 ERA
Since the influenza A pandemic (H1N1) in 2009 and the avian influenza epidemic 
(H7N9) in 2013, LUS has become a significant diagnostic tool for the early detection of 
interstitial lung disease[22,23]. The current data published on COVID-19 support it as 
a safe and accessible emerging technique that can be applied to patients with either 
suspected or confirmed SARS-CoV-2 infection, both in the initial evaluation and the 
subsequent follow-up.

Traditionally, a healthy lung is considered invisible to ultrasonography. Since it is 
an aerated organ, it does not transmit ultrasound and therefore does not provide 
anatomical images. However, when lung tissue is occupied by fluid or cellular 
elements, its impedance varies resulting in artifacts that permit the identification of 
pathological findings.

The most basic of these artifacts are A lines – transversal hyperechoic lines parallel to 
the pleural line – separated by a distance equal to that between the pleural line and the 
skin. They are the result of the reverberation of the pleural line in a healthy lung, 
representing normal lung aeration.

An additional and significant artifact in LUS are B lines, which are described as 
vertical hyperechogenic artifacts that arise from the pleural line. They extend like a 
comet tail towards the deep parenchyma, hiding A lines on their way and moving 
synchronously with pleural sliding[24]. They are considered to be the main ultrasound 
sign of interstitial lung disease, and their quantity increases as air content decreases 
and lung density intensifies. The presence of more than three B lines per intercostal 
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space is considered pathological.
In normal conditions, the pleural line is hyperechogenic, thin and regular. However, 

in the presence of inflammation, thickening and/or fragmentation may occur if there 
are adjacent pulmonary consolidations. Additionally, there may be a decrease in 
pleural sliding.

One of the great advantages of LUS is its accessibility and immediacy, since it 
generates bedside and real-time images. Additionally, it is a non-invasive and 
innocuous technique that can be applied safely in certain population groups, such as 
pregnant women and paediatric patients.

Furthermore, LUS has a high sensitivity and outperforms chest X-rays in detecting 
the early stages of interstitial lung disease[25].

The main limitation of LUS is its operator-dependent nature, as its reliability is 
closely related to clinicians’ experience and ability. However, in experienced hands, 
the whole exploration can be performed in a few minutes, thus providing results faster 
in comparison with other imaging tests.

Lung ultrasound patterns in COVID-19
Before the outbreak of the COVID-19 pandemic, previous studies reported that LUS 
findings were highly consistent with chest CTs in patients with viral pneumonia[26]. 
Similarly, in patients with SARS-CoV-2 pneumonia, there is a good correlation 
between both imaging techniques[27-31].

The common ultrasound findings described in patients with SARS-CoV-2 infection 
are summarised in Table 3 and Figure 4[32,33].

Gattinoni et al[34] describe two different ultrasound patterns in the hyperinflam-
matory phase of COVID-19: One phenotype of diffuse pulmonary infiltrates (type L), 
with normal or minimally decreased lung compliance, and therefore limited scope for 
alveolar recruitment, and a second phenotype of extensive consolidations (type H), 
with a low or very low compliance and with a clinical and prognostic behaviour 
analogous to the common acute respiratory distress syndrome (ARDS).

None of the findings described so far are pathognomonic for COVID-19; therefore, 
LUS cannot provide a confirmatory diagnosis. As such, it is essential to integrate the 
images with a clinical assessment and nasopharyngeal swab result.

Recently, some authors have discovered an unusual finding that could be more 
specific to COVID-19: The ‘light beam’[35]. This is a thick hyperechogenic band of 
confluent B lines that originates from a portion of the pleural line that is apparently 
preserved. It is usually found in the early stages of the disease and correlates with 
incipient GGOs on chest CT scan.

LUS findings vary depending on the stage of the disease (Figure 5)[36]. Thus, in the 
first days after the onset of symptoms, it is common to observe unilateral or bilateral 
focal B lines. As the disorder progresses, the density of lung parenchyma increases 
along with the number of B lines; diffuse and bilateral B lines appear, starting from a 
pleural line that begins to thicken and becomes irregular, with small subpleural 
consolidations. Finally, B lines may coalesce, creating a ‘white lung’ pattern of consol-
idation or hepatisation of the lung parenchyma – particularly in declining areas – with 
the respiratory failure that this implies.

Given its high sensitivity, LUS allows the detection of both deterioration and 
recovery in lung lesions during the final stage of the disease. Consequently, during the 
convalescent stage, there is a progressive regression of B lines and consolidations. 
Additionally, A lines appear one again, in accordance with aeration improvement[31].

LUS is also efficient for the assessment of other events that, although not common, 
can occur in the course of SARS-CoV-2 pneumonia. These events include pleural 
effusion, pneumothorax – associated with mechanical ventilation or the insertion of a 
central venous catheter, among other causes – or a pulmonary embolism (PE). CT 
pulmonary angiogram remains the gold standard technique for the diagnosis of PE, 
but in critical, unstable patients with a suspected diagnosis, ultrasounds can provide 
valuable information on the presence of right ventricular dysfunction, acute 
pulmonary hypertension or deep vein thrombosis in the lower limbs.

Ultrasound scanning protocol
Evaluation of patients with acute respiratory failure using the Bedside Lung 
Ultrasound in Emergency Protocol (BLUE protocol), is one of the best-known applic-
ations of LUS[37]. In the particular case of COVID-19, one of its main challenges lies in 
standardising the technique to allow comparisons between study groups.

In clinical practice – and especially in ICUs – certain specific scanning protocols 
have been designed to quantify the extent of lung involvement by COVID-19[29,38-
40]. We highlight the proposal of Soldati et al[38], which delimits seven exploration 
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Table 3 Common ultrasound findings in coronavirus disease 2019

B pattern: Presence of multifocal and separated B-lines (“waterfall sign”) or confluent B-lines (“white lung”). The distribution is predominantly 
posteroinferior and bilateral, and varies depending on the severity of the disease 

Patchy involvement: Pathological areas of lung parenchyma alternating with well-aerated and preserved areas 

Thickening or interruption of pleural line, and reduced pleural sliding 

Small subpleural consolidations in any region of the lung, more common at bases. Less frequently, larger consolidations may be found, with or without 
dynamic air bronchogram

Decrease in blood flow (within doppler mode) related to subpleural consolidations

Small or absent pleural effusion

Figure 4 Images demonstrating the main changes in lung ultrasonography in coronavirus disease 2019 patients. A: Normal A-pattern with 
presence of 1 B line. B: Normal pleural line with presence of > 3 B lines. C: Irregular pleural line with coalescent B lines. D: Pleural involvement as sign of poor 
areation.

Figure 5  Sonographic characteristics of moderate, severe and critical pleural and parenchymal changes in patients with coronavirus 
disease 2019.

areas in each hemithorax, 14 zones in total. Each hemithorax is divided by three longit-
udinal lines – at the sternal, anterior and posterior axillary lines – and a transverse line 
at the nipple level, which separates a superior and an inferior area. Each one of the 
segments described receives a score between 0–3, according to the predominant 
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findings in them, defining four different patterns (Table 4, Figure 4)[40].
At the end of the exploration, the score assigned to every explored area is 

accumulated, obtaining the final score. In the case of patterns B1 and B2, special 
attention must be paid to the pleural line, since the presence of pleural lesions is a 
severity sign that should be indicated by adding the letter ‘p’ to the score.

Ultimately, this scale allows the estimation of the extent of lung involvement in 
COVID-19 and provides clinical and prognostic information. Therefore, it could 
contribute to identifying those patients who require hospital admission, as well as to 
predict their response to certain therapies, such as prone positioning or mechanical 
ventilation. For example, the progressive reduction in the number of B lines, the 
reappearance of A lines or the regression of consolidations could suggest a favourable 
clinical evolution and support the decision to progress in the de-escalation of care.

A summary of the potential applications of LUS in COVID-19 pandemic is outlined 
below: (1) At triage: For risk stratification and initial screening of lung involvement in 
patients with suspected or confirmed SARS-CoV-2 infection; (2) In patients with 
symptoms consistent with COVID-19, but a negative nasopharyngeal swab (RT-PCR) 
and indeterminate chest X-ray: The presence of suggestive ultrasound findings could 
support the idea that the RT-PCR may represent a false-negative result; and (3) During 
hospital admission, to monitor the progression or regression of pulmonary lesions: 
Successive ultrasound explorations might result in accurate information that could be 
used to determine ventilation strategies and assess patients’ response to them. For 
example, those with posterolateral consolidations could benefit from early prone 
positioning[41,42], or lung aeration could be improved in those with coalescent B lines  
by titrating positive end-expiratory pressure (PEEP). In addition, in critically-ill 
patients – respiratory or hemodynamically unstable – LUS could play a remarkable 
role in the early detection of complications, including superimposed bacterial 
pneumonia and pneumothorax, and as a guide for clinical decisions.

Therefore, LUS is becoming an increasingly valuable diagnostic tool due to its high 
sensitivity, safety, immediacy and accuracy. On this basis, it may play a key role in the 
management of patients with COVID-19. However, its low specificity for this 
pathology does not allow clinicians to distinguish COVID-19 from other viral 
infections. Therefore, LUS images must be evaluated in conjunction with clinical and 
microbiological data.

ROLE OF CHEST CT SCAN IN THE EVALUATION OF COVID-19 PNEU-
MONIA
Chest CT scan is a key element in the management of SARS-CoV-2 infection. It allows 
the detection of distinctive pulmonary manifestations, establishes their severity and 
enables the follow-up of their progression, differentiating early stages from more 
advanced ones based on the radiological findings identified. However, its role as a 
screening tool in COVID-19 pneumonia has yet to be fully defined[43].

Recent studies concerning COVID-19 pneumonia propose that chest CT is a more 
sensitive, practical and rapid diagnostic technique compared to the RT-PCR test, 
especially in the early stages of the disease (Table 5). Ai et al[44] reported a sensitivity 
for chest CT of 97%, taking RT-PCR as a reference, compared to 59% of RT-PCR 
performed in patients with suspected SARS-CoV-2 infection. However, chest CT 
specificity was only 25%. Furthermore, a meta-analysis conducted by Kim et al[45] 
produced similar results, with a higher chest CT sensitivity than the one found for RT-
PCR, 94% and 89%, respectively. However, a low specificity (37%) was encountered, 
which could be due to the fact that the nonspecific findings of COVID-19 pneumonia 
may overlap with those found in other viral pneumonias, so a high rate of false 
positives can be detected in chest CTs, especially in areas of low prevalence of the 
disease.

Supporting these results, the Society of Thoracic Radiology, the ACR and the 
Radiological Society of North America recommend avoiding using chest CT as a 
routine screening test in patients with suspected SARS-CoV-2 infection[46]. Instead it 
should be saved for the assessment of symptomatic patients or those with a negative 
RT-PCR but high clinical suspicion, as it can help to characterise the disease by 
detecting typical pulmonary manifestations[47].

Thus, chest CT findings suggesting viral pneumonia, accompanied by a typical 
clinical presentation and compatible epidemiological data, should strongly indicate 
SARS-CoV-2 infection even though the RT-PCR may be negative[48].



Churruca M et al. COVID-19 pneumonia: Typical radiological characteristics

WJR https://www.wjgnet.com 335 October 28, 2021 Volume 13 Issue 10

Table 4 Adapted from Vetrugno et al[39] proposal of lung ultrasonography score system in coronavirus disease 2019

Class Score Definition

A 0 point Normal aeration pattern. Presence of A lines, pleural sliding, and ≤ 3 well-spaced B lines 

B1 1 point More than 3 B lines per intercostal space 

B2 2 points Confluent B lines (with or without small consolidations). This pattern corresponds to the presence of GGO on chest CT scan

C 3 points Large consolidations, parenchymal hepatization (with or without air bronchogram)

CT: Computed tomography; GGO: Ground-glass opacity.

Table 5 Chest computed tomography and reverse transcription-polymerase chain reaction sensitivity in coronavirus disease 2019 
pneumonia

Ref. Number of 
patients Symptoms Positive RT-

PCR
RT-PCR 
sensitivity

Chest CT 
abnormalities

Chest CT 
sensitivity

Fang et al[76], 
2020

51 Fever/acute respiratory 
symptoms

36/51 patients 71% 50/51 patients 98%

Xie et al[48], 
2020

167 Fever 162/167 patients 97% 160/167 patients 95.8%

Yang et al[77], 
2020

149 Fever, cough and sputum 149/149 100% 132/149 88.6%

Ai et al[44], 
2020

1014 — 601/1014 59% 888/1014 88%

Kim et al[45], 
2020

7720 — 1336/1502 89% 5845/6218 94%

RT-PCR: Reverse transcription-polymerase chain reaction; CT: Computed tomography.

There are currently few works on the use of artificial intelligence in the diagnosis of 
SARS-CoV-2. Although this technique could be useful in diagnosing COVID-19 
pneumonia, there is little evidence so far to recommend it as a routine diagnostic 
approach[49].

Chest CT imaging features of COVID-19
SARS-CoV-2 infection causes direct lung damage through the angiotensin-converting 
enzyme. Interstitial pneumonia with alveolar edema in the early stages and diffuse 
alveolar damage in the most severe stages are the underlying pathological 
mechanisms responsible for the typical radiological images of COVID-19 pneumonia 
and its rapid progression[50,51].

A wide range of radiological findings have been reported in the multiple published 
studies (Table 6); however, the images may differ depending on the evolutionary stage 
of the disease. The main and most frequent finding of COVID-19 pneumonia is the 
presence of GGOs, typically subpleural (Figure 6)[52,53]. GGOs are defined as areas of 
slightly increased density without obscuration of bronchial and vascular structures, 
caused by a partial filling of the alveolar spaces and interstitial thickening. In an 
investigation conducted by Chung et al[53] with 21 COVID-19 patients, GGOs – being 
the most characteristic radiological finding in the early stages of the disease – were 
found in 57% of cases[54]. In accordance with these results, Pan et al[55] predom-
inantly observed subpleural GGOs at the onset of the disease, with the subsequent 
development of a ‘crazy paving’ pattern and consolidations at two weeks of evolution.

Regarding the distribution of the radiological images encountered, a retrospective 
study of 101 patients[56] classified them as either bilateal (82.2%), peripheral (87.1%) 
or multifocal (54.5%), principally involving the lower lobes (54.5%) of the patients. 
These results are broadly in line with other published studies. In a study conducted by 
Salehi et al[57], pulmonary changes were bilateral (87.5%), with a peripheral distri-
bution (76.0%) and a predominantly multilobar (78.8%) and posterior (80.4%) 
pulmonary infiltration.
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Table 6 Adapted from Carotti et al[57] average percentage of chest computed tomography manifestations of coronavirus disease 2019

Average percentage of chest computed tomography manifestations of coronavirus

Ground-glass opacities 66% +++++

Ground-glass opacities + consolidation 47% ++++

Consolidation 41% ++++

Interlobular septal thickening 53% ++++

Reticular pattern 27% ++

Crazy paving pattern 20% ++

Air bronchogram sign 50% ++++

Bronchial wall thickening 17% ++

Pleural effusion 10% +

Nodules 15% ++

Reverse halo sign 3% +

Lymphadenopathies 8% +

Pericardial effusion 4% +

Figure 6 59-year-old man with no clinical background and confirmed severe acute respiratory syndrome coronavirus-2 infection. Chest 
computed tomography imaging with peripherally distributed bilateral and multilobar ground-glass opacities.

Consolidation images have been described as the second most prevalent finding, 
reported in 2%-63% of cases. The involvement may be multifocal, patchy, or 
segmental, with a subpleural or peribronchovascular distribution. The development of 
this consolidation pattern may be in relation to the progression of the disease and can 
either coexist alongside or replace GGOs between week one to three of the clinical 
course, which could alert to the severity of the disease[55,58] (Figure 7).

Recent investigations have reported 5%-36% of COVID-19 patients with a crazy 
paving pattern on their imaging studies. This pattern refers to the appearance of GGOs 
with superimposed interlobular and intralobular septal thickening. While not 
observed as frequently as GGOs and consolidation, this pattern may be a sign that the 
disease is reaching its peak of maximum severity[54], which is described by Pan et al
[55] as occurring 10 d after the onset of symptoms.

Other findings, such as the reverse halo sign (11.0%), the air bronchogram sign 
(14%), pleural thickening (15.0%), pleural effusion (4.0%) and the appearance of 
lymphadenopathies (2.7%), have been less frequently described[59]. Bronchial wall 
thickening and the presence of extrapulmonary lesions suggest severe inflammation 
and are characteristic of critical COVID-19 pneumonia (Figure 8)[60].

A reticular pattern associated with bronchiolectasis and irregular thickening of the 
interlobular septa has been identified with the progression of the disease, usually after 
the second week of evolution (Figure 9). These interstitial changes suggest the 
development of fibrosis. Pulmonary fibrosis is a relatively common consequence of 
ARDS. Approximately 40% of patients diagnosed with COVID-19 pneumonia are 
believed to develop ARDS, 20% of them severe. Although long-term studies have 
shown the existence of persistent interstitial alterations in patients who have suffered 
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Figure 7 45-year-old woman with coronavirus disease 2019-confirmed pneumonia. Chest computed tomography imaging. A: Bilateral and patchy 
ground-glass opacities involving upper and lower lobes. B: Crazy paving pattern involving upper and lower lobes. C: Alveolar consolidation mainly involving the lower 
lobes, with fibrous stripes associated.

Figure 8 Unusual chest computed tomography findings in coronavirus disease 2019 pneumonia. A: Air bronchogram sign; B: Right paratracheal 
lymphadenopathy (marked) and right hilar lymphadenopathy; C: Pericardial effusion; D: Pleural effusion.

pneumonia due to other coronaviruses genetically similar to SARS-CoV-2 – SARS-CoV 
and MERS-CoV, first identified in 2002 and 2012 respectively[61,62], – the natural 
history of COVID-19 pneumonia has not yet been fully defined. Therefore, it is too 
early to classify these pulmonary changes as irreversible fibrotic changes, meaning 
that future prospective studies are necessary to confirm these preliminary results.

FLUORODEOXYGLUCOSE-POSITRON EMISSION TOMOGRAPHY IN 
COVID-19
PET-CT imaging with fluorodeoxyglucose (FDG) is a relevant and well-established 
diagnostic tool in tumoral pathology; in combination with CT, it provides anatomical 
and functional information that facilitates the study of tumoral extension and the 
evaluation of therapeutic response. This technique has also recently been gaining a 
certain importance in inflammatory and infectious pathologies. However, it has not 
yet been validated in this field and its use is not routinely recommended[63].

Several studies have suggested that PET-CT may be useful to evaluate the immune 
response to viral infections and their progression[64,65], since FDG uptake increases in 



Churruca M et al. COVID-19 pneumonia: Typical radiological characteristics

WJR https://www.wjgnet.com 338 October 28, 2021 Volume 13 Issue 10

Figure 9  Reticular pattern and fibrous stripes showing coronavirus disease 2019 pneumonia in evolution (> 2 wk after the onset of 
symptoms).

neutrophils, lymphocytes, activated macrophages and granulocytes where there is 
inflammation. Therefore, it enables the localisation of where the immune response 
starts and how it develops.

Some authors have used PET-CT in animal models to study the development of 
viral infections, including MERS-CoV, H1N1, and HIV[66-68]. After exposure to the 
virus, in the absence of symptoms or abnormalities in chest CT scans, PET-CT is able 
to detect increased cellular metabolism in the lymph node stations directly involved in 
the lymphatic drainage of the lung tissue: the mediastinal and axillary nodes[66]. 
Furthermore, this increase in FDG uptake is observed before massive viral replication 
occurs[68]; therefore, PET-CT could have a significant utility in early stages of 
infection.

In line with other inflammatory processes, the lung areas affected by COVID-19 
show an increased FDG uptake (Figure 10)[69]. It has been postulated that there could 
be a correlation between greater FDG uptake and a slower progression towards 
improvement, as well as a higher erythrocyte sedimentation rate[70]. Various studies – 
which compare the findings of PET-CT and chest CT scans in COVID-19 patients – 
have also reported that despite the absence of lymphadenopathy in CT, PET-CT does 
detect an increased FDG uptake at the mediastinal and subclavicular lymph nodes[70-
73]. Additionally, in some patients infected by SARS-CoV-2, mild inflammatory 
activity has been observed in the spleen and bone marrow, possibly in relation to a 
systemic inflammatory state. Finally, Lutje et al[74] proposed that PET-CT with FDG 
might help in detecting changes in other organs, including the heart, kidneys and 
gastrointestinal tract. However, all of the data published so far agree that the inflam-
matory process triggered by COVID-19 has a particular tropism for the lower 
respiratory tract.

Preliminary studies have suggested that there is a certain correlation between the 
metabolic information provided by PET-CT and the degree of ventilation in different 
areas of the lung[75]. The collected data indicate that poorly ventilated areas of lung 
parenchyma show a greater FDG uptake than non-ventilated areas. This might mean 
that, within inflammatory processes, the better ventilated areas of the lung probably 
present higher infiltration by inflammatory cells[76].

PET-CT is not recommended as an initial test for diagnosing SARS-CoV-2 infection, 
as it involves greater irradiation to the patient than chest X-ray or chest CT scan, and 
the image acquisition periods are longer. Nonetheless, the structural and metabolic 
image that it provides could have an application in COVID-19 in the following 
situations[77]: (1) As a diagnostic tool for differential diagnosis in asymptomatic 
patients and in already diagnosed patients with a normal CT scan; (2) For monitoring 
responses to therapy, in combination with chest CT scan; (3) As a potential prognostic 
factor in the recovery stage of the disease; and (4) To evaluate extrapulmonary 
systemic involvement.

In conclusion, the studies published to date on the potential role of PET-CT in 
COVID-19 are limited. However, the existing data suggest that it may provide 
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Figure 10  Taken from Landete et al[12], A 65-year-old patient with a history of invasive lepidic-predominant adenocarcinoma (stage 
pT1bNxM0) treated with surgery, chemotherapy and radiotherapy. A: Coronal computed tomography (CT) showing the crazy paving pattern with a 
markedly asymmetric bilateral distribution, mainly affecting the right side. B: Positron emission tomography-CT (PET-CT) coronal section. C: Metabolic PET. D: 
Volume rendering 3D PET-CT. E: MIP, PET. Images B–E reveal an increased cellular activity [standard uptake value (SUV) 4-6] related to the associated 
inflammatory process and a PET-CT pattern of bilateral coronavirus disease 2019 (COVID-19) with viral pneumonitis, predominantly right-sided. F: Axial CT showing 
crazy paving pattern with a bilateral, yet markedly asymmetric distribution, predominant right-sided. G and H: Axial section and 3D volume rendering from PET-CT 
metabolic imaging revealing increased cellular activity (SUV 4-6) related to the associated inflammatory process. PET-CT pattern of bilateral, predominantly right-
sided, COVID-19 viral pneumonitis. Citation: Landete P, Quezada Loaiza CA, Aldave-Orzaiz B, Muñiz SH, Maldonado A, Zamora E, Sam Cerna AC, Del Cerro E, 
Alonso RC, Couñago F. Clinical features and radiological manifestations of COVID-19 disease. World J Radiol 2020; 12(11): 247-260. Copyright ©The Author(s) 
2020. Published by Baishideng Publishing Group Inc[12]”.

valuable information – complementary to the other imaging tests mentioned in this 
review – which helps to understand the pathophysiology of SARS-CoV-2 infection, 
define therapeutic strategies and assess the response to them.

CONCLUSION
Chest X-ray and CT play an important role in detecting abnormal lung changes, being 
the main imaging tests used to diagnose COVID-19 pneumonia. Other radiological 
modalities, such as lung ultrasonography and PET-CT, can provide further 
information for initial assessment and follow-up treatment response. Moreover, as we 
move through the pandemic, we believe that radiological findings of COVID-19 will 
be further explored, helping in determining diagnostic imaging features and guiding 
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treatment.

REFERENCES
Sohrabi C, Alsafi Z, O'Neill N, Khan M, Kerwan A, Al-Jabir A, Iosifidis C, Agha R. World Health 
Organization declares global emergency: A review of the 2019 novel coronavirus (COVID-19). Int J 
Surg 2020; 76: 71-76 [PMID: 32112977 DOI: 10.1016/j.ijsu.2020.02.034]

1     

Udugama B, Kadhiresan P, Kozlowski HN, Malekjahani A, Osborne M, Li VYC, Chen H, Mubareka 
S, Gubbay JB, Chan WCW. Diagnosing COVID-19: The Disease and Tools for Detection. ACS Nano 
2020; 14: 3822-3835 [PMID: 32223179 DOI: 10.1021/acsnano.0c02624]

2     

World Health Organization.   COVID-19 Weekly epidemiological update-8 December 2020. [cited 
20 January 2021] Available from: https://www.who.int/publications/m/item/weekly-epidemiological-
update-8-december-2020

3     

Pascarella G, Strumia A, Piliego C, Bruno F, Del Buono R, Costa F, Scarlata S, Agrò FE. COVID-19 
diagnosis and management: a comprehensive review. J Intern Med 2020; 288: 192-206 [PMID: 
32348588 DOI: 10.1111/joim.13091]

4     

Aljondi R, Alghamdi S. Diagnostic Value of Imaging Modalities for COVID-19: Scoping Review. J 
Med Internet Res 2020; 22: e19673 [PMID: 32716893 DOI: 10.2196/19673]

5     

Wiersinga WJ, Rhodes A, Cheng AC, Peacock SJ, Prescott HC. Pathophysiology, Transmission, 
Diagnosis, and Treatment of Coronavirus Disease 2019 (COVID-19): A Review. JAMA 2020; 324: 
782-793 [PMID: 32648899 DOI: 10.1001/jama.2020.12839]

6     

Araujo-Filho JAB, Sawamura MVY, Costa AN, Cerri GG, Nomura CH. COVID-19 pneumonia: 
what is the role of imaging in diagnosis? J Bras Pneumol 2020; 46: e20200114 [PMID: 32236303 
DOI: 10.36416/1806-3756/e20200114]

7     

Gandhi D, Ahuja K, Grover H, Sharma P, Solanki S, Gupta N, Patel L. Review of X-ray and 
computed tomography scan findings with a promising role of point of care ultrasound in COVID-19 
pandemic. World J Radiol 2020; 12: 195-203 [PMID: 33033574 DOI: 10.4329/wjr.v12.i9.195]

8     

Rubin GD, Ryerson CJ, Haramati LB, Sverzellati N, Kanne JP, Raoof S, Schluger NW, Volpi A, 
Yim JJ, Martin IBK, Anderson DJ, Kong C, Altes T, Bush A, Desai SR, Goldin J, Goo JM, Humbert 
M, Inoue Y, Kauczor HU, Luo F, Mazzone PJ, Prokop M, Remy-Jardin M, Richeldi L, Schaefer-
Prokop CM, Tomiyama N, Wells AU, Leung AN. The Role of Chest Imaging in Patient Management 
During the COVID-19 Pandemic: A Multinational Consensus Statement From the Fleischner Society. 
Chest 2020; 158: 106-116 [PMID: 32275978 DOI: 10.1016/j.chest.2020.04.003]

9     

Farias LPG, Fonseca EKUN, Strabelli DG, Loureiro BMC, Neves YCS, Rodrigues TP, Chate RC, 
Nomura CH, Sawamura MVY, Cerri GG. Imaging findings in COVID-19 pneumonia. Clinics (Sao 
Paulo) 2020; 75: e2027 [PMID: 32578826 DOI: 10.6061/clinics/2020/e2027]

10     

Revel MP, Parkar AP, Prosch H, Silva M, Sverzellati N, Gleeson F, Brady A; European Society of 
Radiology (ESR) and the European Society of Thoracic Imaging (ESTI). COVID-19 patients and the 
radiology department - advice from the European Society of Radiology (ESR) and the European 
Society of Thoracic Imaging (ESTI). Eur Radiol 2020; 30: 4903-4909 [PMID: 32314058 DOI: 
10.1007/s00330-020-06865-y]

11     

Landete P, Quezada Loaiza CA, Aldave-Orzaiz B, Muñiz SH, Maldonado A, Zamora E, Sam Cerna 
AC, Del Cerro E, Alonso RC, Couñago F. Clinical features and radiological manifestations of 
COVID-19 disease. World J Radiol 2020; 12: 247-260 [PMID: 33362916 DOI: 
10.4329/wjr.v12.i11.247]

12     

Wong HYF, Lam HYS, Fong AH, Leung ST, Chin TW, Lo CSY, Lui MM, Lee JCY, Chiu KW, 
Chung TW, Lee EYP, Wan EYF, Hung IFN, Lam TPW, Kuo MD, Ng MY. Frequency and 
Distribution of Chest Radiographic Findings in Patients Positive for COVID-19. Radiology 2020; 
296: E72-E78 [PMID: 32216717 DOI: 10.1148/radiol.2020201160]

13     

Ng MY, Lee EYP, Yang J, Yang F, Li X, Wang H, Lui MM, Lo CS, Leung B, Khong PL, Hui CK, 
Yuen KY, Kuo MD. Imaging Profile of the COVID-19 Infection: Radiologic Findings and Literature 
Review. Radiol Cardiothorac Imaging 2020; 2: e200034 [PMID: 33778547 DOI: 
10.1148/ryct.2020200034]

14     

Kim ES, Chin BS, Kang CK, Kim NJ, Kang YM, Choi JP, Oh DH, Kim JH, Koh B, Kim SE, Yun 
NR, Lee JH, Kim JY, Kim Y, Bang JH, Song KH, Kim HB, Chung KH, Oh MD; Korea National 
Committee for Clinical Management of COVID-19. Clinical Course and Outcomes of Patients with 
Severe Acute Respiratory Syndrome Coronavirus 2 Infection: a Preliminary Report of the First 28 
Patients from the Korean Cohort Study on COVID-19. J Korean Med Sci 2020; 35: e142 [PMID: 
32242348 DOI: 10.3346/jkms.2020.35.e142]

15     

Chen N, Zhou M, Dong X, Qu J, Gong F, Han Y, Qiu Y, Wang J, Liu Y, Wei Y, Xia J, Yu T, Zhang 
X, Zhang L. Epidemiological and clinical characteristics of 99 cases of 2019 novel coronavirus 
pneumonia in Wuhan, China: a descriptive study. Lancet 2020; 395: 507-513 [PMID: 32007143 DOI: 
10.1016/S0140-6736(20)30211-7]

16     

Cellina M, Panzeri M, Oliva G. Chest Radiography Features Help to Predict a Favorable Outcome in 
Patients with Coronavirus Disease 2019. Radiology 2020; 297: E238 [PMID: 32484419 DOI: 
10.1148/radiol.2020202326]

17     

Jacobi A, Chung M, Bernheim A, Eber C. Portable chest X-ray in coronavirus disease-19 (COVID-18     

http://www.ncbi.nlm.nih.gov/pubmed/32112977
https://dx.doi.org/10.1016/j.ijsu.2020.02.034
http://www.ncbi.nlm.nih.gov/pubmed/32223179
https://dx.doi.org/10.1021/acsnano.0c02624
https://www.who.int/publications/m/item/weekly-epidemiological-update-8-december-2020
https://www.who.int/publications/m/item/weekly-epidemiological-update-8-december-2020
http://www.ncbi.nlm.nih.gov/pubmed/32348588
https://dx.doi.org/10.1111/joim.13091
http://www.ncbi.nlm.nih.gov/pubmed/32716893
https://dx.doi.org/10.2196/19673
http://www.ncbi.nlm.nih.gov/pubmed/32648899
https://dx.doi.org/10.1001/jama.2020.12839
http://www.ncbi.nlm.nih.gov/pubmed/32236303
https://dx.doi.org/10.36416/1806-3756/e20200114
http://www.ncbi.nlm.nih.gov/pubmed/33033574
https://dx.doi.org/10.4329/wjr.v12.i9.195
http://www.ncbi.nlm.nih.gov/pubmed/32275978
https://dx.doi.org/10.1016/j.chest.2020.04.003
http://www.ncbi.nlm.nih.gov/pubmed/32578826
https://dx.doi.org/10.6061/clinics/2020/e2027
http://www.ncbi.nlm.nih.gov/pubmed/32314058
https://dx.doi.org/10.1007/s00330-020-06865-y
http://www.ncbi.nlm.nih.gov/pubmed/33362916
https://dx.doi.org/10.4329/wjr.v12.i11.247
http://www.ncbi.nlm.nih.gov/pubmed/32216717
https://dx.doi.org/10.1148/radiol.2020201160
http://www.ncbi.nlm.nih.gov/pubmed/33778547
https://dx.doi.org/10.1148/ryct.2020200034
http://www.ncbi.nlm.nih.gov/pubmed/32242348
https://dx.doi.org/10.3346/jkms.2020.35.e142
http://www.ncbi.nlm.nih.gov/pubmed/32007143
https://dx.doi.org/10.1016/S0140-6736(20)30211-7
http://www.ncbi.nlm.nih.gov/pubmed/32484419
https://dx.doi.org/10.1148/radiol.2020202326


Churruca M et al. COVID-19 pneumonia: Typical radiological characteristics

WJR https://www.wjgnet.com 341 October 28, 2021 Volume 13 Issue 10

19): A pictorial review. Clin Imaging 2020; 64: 35-42 [PMID: 32302927 DOI: 
10.1016/j.clinimag.2020.04.001]
Lomoro P, Verde F, Zerboni F, Simonetti I, Borghi C, Fachinetti C, Natalizi A, Martegani A. 
COVID-19 pneumonia manifestations at the admission on chest ultrasound, radiographs, and CT: 
single-center study and comprehensive radiologic literature review. Eur J Radiol Open 2020; 7: 
100231 [PMID: 32289051 DOI: 10.1016/j.ejro.2020.100231]

19     

Lemmers DHL, Abu Hilal M, Bnà C, Prezioso C, Cavallo E, Nencini N, Crisci S, Fusina F, Natalini 
G. Pneumomediastinum and subcutaneous emphysema in COVID-19: barotrauma or lung frailty? 
ERJ Open Res 2020; 6 [PMID: 33257914 DOI: 10.1183/23120541.00385-2020]

20     

Chen SG, Chen JY, Yang YP, Chien CS, Wang ML, Lin LT. Use of radiographic features in COVID-
19 diagnosis: Challenges and perspectives. J Chin Med Assoc 2020; 83: 644-647 [PMID: 32349032 
DOI: 10.1097/JCMA.0000000000000336]

21     

Zhang YK, Li J, Yang JP, Zhan Y, Chen J. Lung ultrasonography for the diagnosis of 11 patients 
with acute respiratory distress syndrome due to bird flu H7N9 infection. Virol J 2015; 12: 176 [PMID: 
26503117 DOI: 10.1186/s12985-015-0406-1]

22     

Tsai NW, Ngai CW, Mok KL, Tsung JW. Lung ultrasound imaging in avian influenza A (H7N9) 
respiratory failure. Crit Ultrasound J 2014; 6: 6 [PMID: 24949191 DOI: 10.1186/2036-7902-6-6]

23     

Volpicelli G, Elbarbary M, Blaivas M, Lichtenstein DA, Mathis G, Kirkpatrick AW, Melniker L, 
Gargani L, Noble VE, Via G, Dean A, Tsung JW, Soldati G, Copetti R, Bouhemad B, Reissig A, 
Agricola E, Rouby JJ, Arbelot C, Liteplo A, Sargsyan A, Silva F, Hoppmann R, Breitkreutz R, Seibel 
A, Neri L, Storti E, Petrovic T; International Liaison Committee on Lung Ultrasound (ILC-LUS) for 
International Consensus Conference on Lung Ultrasound (ICC-LUS). International evidence-based 
recommendations for point-of-care lung ultrasound. Intensive Care Med 2012; 38: 577-591 [PMID: 
22392031 DOI: 10.1007/s00134-012-2513-4]

24     

Mojoli F, Bouhemad B, Mongodi S, Lichtenstein D. Lung Ultrasound for Critically Ill Patients. Am J 
Respir Crit Care Med 2019; 199: 701-714 [PMID: 30372119 DOI: 10.1164/rccm.201802-0236CI]

25     

Alzahrani SA, Al-Salamah MA, Al-Madani WH, Elbarbary MA. Systematic review and meta-
analysis for the use of ultrasound versus radiology in diagnosing of pneumonia. Crit Ultrasound J 
2017; 9: 6 [PMID: 28244009 DOI: 10.1186/s13089-017-0059-y]

26     

Tung-Chen Y, Martí de Gracia M, Díez-Tascón A, Alonso-González R, Agudo-Fernández S, Parra-
Gordo ML, Ossaba-Vélez S, Rodríguez-Fuertes P, Llamas-Fuentes R. Correlation between Chest 
Computed Tomography and Lung Ultrasonography in Patients with Coronavirus Disease 2019 
(COVID-19). Ultrasound Med Biol 2020; 46: 2918-2926 [PMID: 32771222 DOI: 
10.1016/j.ultrasmedbio.2020.07.003]

27     

Poggiali E, Dacrema A, Bastoni D, Tinelli V, Demichele E, Mateo Ramos P, Marcianò T, Silva M, 
Vercelli A, Magnacavallo A. Can Lung US Help Critical Care Clinicians in the Early Diagnosis of 
Novel Coronavirus (COVID-19) Pneumonia? Radiology 2020; 295: E6 [PMID: 32167853 DOI: 
10.1148/radiol.2020200847]

28     

Huang Y, Wang S, Liu Y, Zhang Y, Zheng C, Zheng Y, Zhang C, Min W, Yu M, Hu M.   A 
Preliminary Study on the Ultrasonic Manifestations of Peripulmonary Lesions of Non-Critical Novel 
Coronavirus Pneumonia (COVID-19) (February 26, 2020). [DOI: 10.2139/ssrn.3544750]

29     

Nouvenne A, Zani MD, Milanese G, Parise A, Baciarello M, Bignami EG, Odone A, Sverzellati N, 
Meschi T, Ticinesi A. Lung Ultrasound in COVID-19 Pneumonia: Correlations with Chest CT on 
Hospital admission. Respiration 2020; 99: 617-624 [PMID: 32570265 DOI: 10.1159/000509223]

30     

Peng QY, Wang XT, Zhang LN; Chinese Critical Care Ultrasound Study Group (CCUSG). Findings 
of lung ultrasonography of novel corona virus pneumonia during the 2019-2020 epidemic. Intensive 
Care Med 2020; 46: 849-850 [PMID: 32166346 DOI: 10.1007/s00134-020-05996-6]

31     

Volpicelli G, Gargani L. Sonographic signs and patterns of COVID-19 pneumonia. Ultrasound J 
2020; 12: 22 [PMID: 32318891 DOI: 10.1186/s13089-020-00171-w]

32     

Millington SJ, Koenig S, Mayo P, Volpicelli G. Lung Ultrasound for Patients With Coronavirus 
Disease 2019 Pulmonary Disease. Chest 2021; 159: 205-211 [PMID: 32835709 DOI: 
10.1016/j.chest.2020.08.2054]

33     

Gattinoni L, Chiumello D, Caironi P, Busana M, Romitti F, Brazzi L, Camporota L. COVID-19 
pneumonia: different respiratory treatments for different phenotypes? Intensive Care Med 2020; 46: 
1099-1102 [PMID: 32291463 DOI: 10.1007/s00134-020-06033-2]

34     

Volpicelli G, Lamorte A, Villén T. What's new in lung ultrasound during the COVID-19 pandemic. 
Intensive Care Med 2020; 46: 1445-1448 [PMID: 32367169 DOI: 10.1007/s00134-020-06048-9]

35     

Smith MJ, Hayward SA, Innes SM, Miller ASC. Point-of-care lung ultrasound in patients with 
COVID-19 - a narrative review. Anaesthesia 2020; 75: 1096-1104 [PMID: 32275766 DOI: 
10.1111/anae.15082]

36     

Lichtenstein DA. BLUE-protocol and FALLS-protocol: two applications of lung ultrasound in the 
critically ill. Chest 2015; 147: 1659-1670 [PMID: 26033127 DOI: 10.1378/chest.14-1313]

37     

Soldati G, Smargiassi A, Inchingolo R, Buonsenso D, Perrone T, Briganti DF, Perlini S, Torri E, 
Mariani A, Mossolani EE, Tursi F, Mento F, Demi L. Proposal for International Standardization of 
the Use of Lung Ultrasound for Patients With COVID-19: A Simple, Quantitative, Reproducible 
Method. J Ultrasound Med 2020; 39: 1413-1419 [PMID: 32227492 DOI: 10.1002/jum.15285]

38     

Vetrugno L, Bove T, Orso D, Barbariol F, Bassi F, Boero E, Ferrari G, Kong R. Our Italian 
experience using lung ultrasound for identification, grading and serial follow-up of severity of lung 
involvement for management of patients with COVID-19. Echocardiography 2020; 37: 625-627 

39     

http://www.ncbi.nlm.nih.gov/pubmed/32302927
https://dx.doi.org/10.1016/j.clinimag.2020.04.001
http://www.ncbi.nlm.nih.gov/pubmed/32289051
https://dx.doi.org/10.1016/j.ejro.2020.100231
http://www.ncbi.nlm.nih.gov/pubmed/33257914
https://dx.doi.org/10.1183/23120541.00385-2020
http://www.ncbi.nlm.nih.gov/pubmed/32349032
https://dx.doi.org/10.1097/JCMA.0000000000000336
http://www.ncbi.nlm.nih.gov/pubmed/26503117
https://dx.doi.org/10.1186/s12985-015-0406-1
http://www.ncbi.nlm.nih.gov/pubmed/24949191
https://dx.doi.org/10.1186/2036-7902-6-6
http://www.ncbi.nlm.nih.gov/pubmed/22392031
https://dx.doi.org/10.1007/s00134-012-2513-4
http://www.ncbi.nlm.nih.gov/pubmed/30372119
https://dx.doi.org/10.1164/rccm.201802-0236CI
http://www.ncbi.nlm.nih.gov/pubmed/28244009
https://dx.doi.org/10.1186/s13089-017-0059-y
http://www.ncbi.nlm.nih.gov/pubmed/32771222
https://dx.doi.org/10.1016/j.ultrasmedbio.2020.07.003
http://www.ncbi.nlm.nih.gov/pubmed/32167853
https://dx.doi.org/10.1148/radiol.2020200847
https://dx.doi.org/10.2139/ssrn.3544750
http://www.ncbi.nlm.nih.gov/pubmed/32570265
https://dx.doi.org/10.1159/000509223
http://www.ncbi.nlm.nih.gov/pubmed/32166346
https://dx.doi.org/10.1007/s00134-020-05996-6
http://www.ncbi.nlm.nih.gov/pubmed/32318891
https://dx.doi.org/10.1186/s13089-020-00171-w
http://www.ncbi.nlm.nih.gov/pubmed/32835709
https://dx.doi.org/10.1016/j.chest.2020.08.2054
http://www.ncbi.nlm.nih.gov/pubmed/32291463
https://dx.doi.org/10.1007/s00134-020-06033-2
http://www.ncbi.nlm.nih.gov/pubmed/32367169
https://dx.doi.org/10.1007/s00134-020-06048-9
http://www.ncbi.nlm.nih.gov/pubmed/32275766
https://dx.doi.org/10.1111/anae.15082
http://www.ncbi.nlm.nih.gov/pubmed/26033127
https://dx.doi.org/10.1378/chest.14-1313
http://www.ncbi.nlm.nih.gov/pubmed/32227492
https://dx.doi.org/10.1002/jum.15285


Churruca M et al. COVID-19 pneumonia: Typical radiological characteristics

WJR https://www.wjgnet.com 342 October 28, 2021 Volume 13 Issue 10

[PMID: 32239532 DOI: 10.1111/echo.14664]
Istvan-Adorjan S, Ágoston G, Varga A, Cotoi OS, Frigy A. Pathophysiological background and 
clinical practice of lung ultrasound in COVID-19 patients: A short review. Anatol J Cardiol 2020; 24: 
76-80 [PMID: 32749247 DOI: 10.14744/AnatolJCardiol.2020.33645]

40     

Prat G, Guinard S, Bizien N, Nowak E, Tonnelier JM, Alavi Z, Renault A, Boles JM, L'Her E. Can 
lung ultrasonography predict prone positioning response in acute respiratory distress syndrome 
patients? J Crit Care 2016; 32: 36-41 [PMID: 26806842 DOI: 10.1016/j.jcrc.2015.12.015]

41     

Wang XT, Ding X, Zhang HM, Chen H, Su LX, Liu DW; Chinese Critical Ultrasound Study Group 
(CCUSG). Lung ultrasound can be used to predict the potential of prone positioning and assess 
prognosis in patients with acute respiratory distress syndrome. Crit Care 2016; 20: 385 [PMID: 
27899151 DOI: 10.1186/s13054-016-1558-0]

42     

Sun Z, Zhang N, Li Y, Xu X. A systematic review of chest imaging findings in COVID-19. Quant 
Imaging Med Surg 2020; 10: 1058-1079 [PMID: 32489929 DOI: 10.21037/qims-20-564]

43     

Ai T, Yang Z, Hou H, Zhan C, Chen C, Lv W, Tao Q, Sun Z, Xia L. Correlation of Chest CT and RT-
PCR Testing for Coronavirus Disease 2019 (COVID-19) in China: A Report of 1014 Cases. 
Radiology 2020; 296: E32-E40 [PMID: 32101510 DOI: 10.1148/radiol.2020200642]

44     

Kim H, Hong H, Yoon SH. Diagnostic Performance of CT and Reverse Transcriptase Polymerase 
Chain Reaction for Coronavirus Disease 2019: A Meta-Analysis. Radiology 2020; 296: E145-E155 
[PMID: 32301646 DOI: 10.1148/radiol.2020201343]

45     

Simpson S, Kay FU, Abbara S, Bhalla S, Chung JH, Chung M, Henry TS, Kanne JP, Kligerman S, 
Ko JP, Litt H. Radiological Society of North America Expert Consensus Statement on Reporting 
Chest CT Findings Related to COVID-19. Endorsed by the Society of Thoracic Radiology, the 
American College of Radiology, and RSNA - Secondary Publication. J Thorac Imaging 2020; 35: 
219-227 [PMID: 32324653 DOI: 10.1097/RTI.0000000000000524]

46     

Waller JV, Kaur P, Tucker A, Lin KK, Diaz MJ, Henry TS, Hope M. Diagnostic Tools for 
Coronavirus Disease (COVID-19): Comparing CT and RT-PCR Viral Nucleic Acid Testing. AJR Am 
J Roentgenol 2020; 215: 834-838 [PMID: 32412790 DOI: 10.2214/AJR.20.23418]

47     

Xie X, Zhong Z, Zhao W, Zheng C, Wang F, Liu J. Chest CT for Typical Coronavirus Disease 2019 
(COVID-19) Pneumonia: Relationship to Negative RT-PCR Testing. Radiology 2020; 296: E41-E45 
[PMID: 32049601 DOI: 10.1148/radiol.2020200343]

48     

Neri E, Miele V, Coppola F, Grassi R. Use of CT and artificial intelligence in suspected or COVID-
19 positive patients: statement of the Italian Society of Medical and Interventional Radiology. Radiol 
Med 2020; 125: 505-508 [PMID: 32350794 DOI: 10.1007/s11547-020-01197-9]

49     

Li Y, Xia L. Coronavirus Disease 2019 (COVID-19): Role of Chest CT in Diagnosis and 
Management. AJR Am J Roentgenol 2020; 214: 1280-1286 [PMID: 32130038 DOI: 
10.2214/AJR.20.22954]

50     

Li M. Chest CT features and their role in COVID-19. Radiol Infect Dis 2020; 7: 51-54 [PMID: 
32309528 DOI: 10.1016/j.jrid.2020.04.001]

51     

Hani C, Trieu NH, Saab I, Dangeard S, Bennani S, Chassagnon G, Revel MP. COVID-19 
pneumonia: A review of typical CT findings and differential diagnosis. Diagn Interv Imaging 2020; 
101: 263-268 [PMID: 32291197 DOI: 10.1016/j.diii.2020.03.014]

52     

Chung M, Bernheim A, Mei X, Zhang N, Huang M, Zeng X, Cui J, Xu W, Yang Y, Fayad ZA, 
Jacobi A, Li K, Li S, Shan H. CT Imaging Features of 2019 Novel Coronavirus (2019-nCoV). 
Radiology 2020; 295: 202-207 [PMID: 32017661 DOI: 10.1148/radiol.2020200230]

53     

Ye Z, Zhang Y, Wang Y, Huang Z, Song B. Chest CT manifestations of new coronavirus disease 
2019 (COVID-19): a pictorial review. Eur Radiol 2020; 30: 4381-4389 [PMID: 32193638 DOI: 
10.1007/s00330-020-06801-0]

54     

Pan F, Ye T, Sun P, Gui S, Liang B, Li L, Zheng D, Wang J, Hesketh RL, Yang L, Zheng C. Time 
Course of Lung Changes at Chest CT during Recovery from Coronavirus Disease 2019 (COVID-19). 
Radiology 2020; 295: 715-721 [PMID: 32053470 DOI: 10.1148/radiol.2020200370]

55     

Zhao W, Zhong Z, Xie X, Yu Q, Liu J. Relation Between Chest CT Findings and Clinical Conditions 
of Coronavirus Disease (COVID-19) Pneumonia: A Multicenter Study. AJR Am J Roentgenol 2020; 
214: 1072-1077 [PMID: 32125873 DOI: 10.2214/AJR.20.22976]

56     

Salehi S, Abedi A, Balakrishnan S, Gholamrezanezhad A. Coronavirus Disease 2019 (COVID-19): A 
Systematic Review of Imaging Findings in 919 Patients. AJR Am J Roentgenol 2020; 215: 87-93 
[PMID: 32174129 DOI: 10.2214/AJR.20.23034]

57     

Carotti M, Salaffi F, Sarzi-Puttini P, Agostini A, Borgheresi A, Minorati D, Galli M, Marotto D, 
Giovagnoni A. Chest CT features of coronavirus disease 2019 (COVID-19) pneumonia: key points 
for radiologists. Radiol Med 2020; 125: 636-646 [PMID: 32500509 DOI: 
10.1007/s11547-020-01237-4]

58     

Bai HX, Hsieh B, Xiong Z, Halsey K, Choi JW, Tran TML, Pan I, Shi LB, Wang DC, Mei J, Jiang 
XL, Zeng QH, Egglin TK, Hu PF, Agarwal S, Xie FF, Li S, Healey T, Atalay MK, Liao WH. 
Performance of Radiologists in Differentiating COVID-19 from Non-COVID-19 Viral Pneumonia at 
Chest CT. Radiology 2020; 296: E46-E54 [PMID: 32155105 DOI: 10.1148/radiol.2020200823]

59     

Li K, Wu J, Wu F, Guo D, Chen L, Fang Z, Li C. The Clinical and Chest CT Features Associated 
With Severe and Critical COVID-19 Pneumonia. Invest Radiol 2020; 55: 327-331 [PMID: 32118615 
DOI: 10.1097/RLI.0000000000000672]

60     

Shi H, Han X, Jiang N, Cao Y, Alwalid O, Gu J, Fan Y, Zheng C. Radiological findings from 81 
patients with COVID-19 pneumonia in Wuhan, China: a descriptive study. Lancet Infect Dis 2020; 

61     

http://www.ncbi.nlm.nih.gov/pubmed/32239532
https://dx.doi.org/10.1111/echo.14664
http://www.ncbi.nlm.nih.gov/pubmed/32749247
https://dx.doi.org/10.14744/AnatolJCardiol.2020.33645
http://www.ncbi.nlm.nih.gov/pubmed/26806842
https://dx.doi.org/10.1016/j.jcrc.2015.12.015
http://www.ncbi.nlm.nih.gov/pubmed/27899151
https://dx.doi.org/10.1186/s13054-016-1558-0
http://www.ncbi.nlm.nih.gov/pubmed/32489929
https://dx.doi.org/10.21037/qims-20-564
http://www.ncbi.nlm.nih.gov/pubmed/32101510
https://dx.doi.org/10.1148/radiol.2020200642
http://www.ncbi.nlm.nih.gov/pubmed/32301646
https://dx.doi.org/10.1148/radiol.2020201343
http://www.ncbi.nlm.nih.gov/pubmed/32324653
https://dx.doi.org/10.1097/RTI.0000000000000524
http://www.ncbi.nlm.nih.gov/pubmed/32412790
https://dx.doi.org/10.2214/AJR.20.23418
http://www.ncbi.nlm.nih.gov/pubmed/32049601
https://dx.doi.org/10.1148/radiol.2020200343
http://www.ncbi.nlm.nih.gov/pubmed/32350794
https://dx.doi.org/10.1007/s11547-020-01197-9
http://www.ncbi.nlm.nih.gov/pubmed/32130038
https://dx.doi.org/10.2214/AJR.20.22954
http://www.ncbi.nlm.nih.gov/pubmed/32309528
https://dx.doi.org/10.1016/j.jrid.2020.04.001
http://www.ncbi.nlm.nih.gov/pubmed/32291197
https://dx.doi.org/10.1016/j.diii.2020.03.014
http://www.ncbi.nlm.nih.gov/pubmed/32017661
https://dx.doi.org/10.1148/radiol.2020200230
http://www.ncbi.nlm.nih.gov/pubmed/32193638
https://dx.doi.org/10.1007/s00330-020-06801-0
http://www.ncbi.nlm.nih.gov/pubmed/32053470
https://dx.doi.org/10.1148/radiol.2020200370
http://www.ncbi.nlm.nih.gov/pubmed/32125873
https://dx.doi.org/10.2214/AJR.20.22976
http://www.ncbi.nlm.nih.gov/pubmed/32174129
https://dx.doi.org/10.2214/AJR.20.23034
http://www.ncbi.nlm.nih.gov/pubmed/32500509
https://dx.doi.org/10.1007/s11547-020-01237-4
http://www.ncbi.nlm.nih.gov/pubmed/32155105
https://dx.doi.org/10.1148/radiol.2020200823
http://www.ncbi.nlm.nih.gov/pubmed/32118615
https://dx.doi.org/10.1097/RLI.0000000000000672


Churruca M et al. COVID-19 pneumonia: Typical radiological characteristics

WJR https://www.wjgnet.com 343 October 28, 2021 Volume 13 Issue 10

20: 425-434 [PMID: 32105637 DOI: 10.1016/S1473-3099(20)30086-4]
Spagnolo P, Balestro E, Aliberti S, Cocconcelli E, Biondini D, Casa GD, Sverzellati N, Maher TM. 
Pulmonary fibrosis secondary to COVID-19: a call to arms? Lancet Respir Med 2020; 8: 750-752 
[PMID: 32422177 DOI: 10.1016/S2213-2600(20)30222-8]

62     

Capitanio S, Nordin AJ, Noraini AR, Rossetti C. PET/CT in nononcological lung diseases: current 
applications and future perspectives. Eur Respir Rev 2016; 25: 247-258 [PMID: 27581824 DOI: 
10.1183/16000617.0051-2016]

63     

de Prost N, Tucci MR, Melo MF. Assessment of lung inflammation with 18F-FDG PET during acute 
lung injury. AJR Am J Roentgenol 2010; 195: 292-300 [PMID: 20651183 DOI: 
10.2214/AJR.10.4499]

64     

Brust D, Polis M, Davey R, Hahn B, Bacharach S, Whatley M, Fauci AS, Carrasquillo JA. 
Fluorodeoxyglucose imaging in healthy subjects with HIV infection: impact of disease stage and 
therapy on pattern of nodal activation. AIDS 2006; 20: 495-503 [PMID: 16470113 DOI: 
10.1097/01.aids.0000210603.40267.29]

65     

Chefer S, Thomasson D, Seidel J, Reba RC, Bohannon JK, Lackemeyer MG, Bartos C, Sayre PJ, 
Bollinger L, Hensley LE, Jahrling PB, Johnson RF. Modeling [(18)F]-FDG lymphoid tissue kinetics 
to characterize nonhuman primate immune response to Middle East respiratory syndrome-coronavirus 
aerosol challenge. EJNMMI Res 2015; 5: 65 [PMID: 26573211 DOI: 10.1186/s13550-015-0143-x]

66     

Jonsson CB, Camp JV, Wu A, Zheng H, Kraenzle JL, Biller AE, Vanover CD, Chu YK, Ng CK, 
Proctor M, Sherwood L, Steffen MC, Mollura DJ. Molecular imaging reveals a progressive 
pulmonary inflammation in lower airways in ferrets infected with 2009 H1N1 pandemic influenza 
virus. PLoS One 2012; 7: e40094 [PMID: 22911695 DOI: 10.1371/journal.pone.0040094]

67     

Wallace M, Pyzalski R, Horejsh D, Brown C, Djavani M, Lu Y, Hanson JM, Mitchen JL, Perlman 
SB, Pauza CD. Whole body positron emission tomography imaging of activated lymphoid tissues 
during acute simian-human immunodeficiency virus 89.6PD infection in rhesus macaques. Virology 
2000; 274: 255-261 [PMID: 10964769 DOI: 10.1006/viro.2000.0479]

68     

Dietz M, Chironi G, Claessens YE, Farhad RL, Rouquette I, Serrano B, Nataf V, Hugonnet F, 
Paulmier B, Berthier F, Keita-Perse O, Giammarile F, Perrin C, Faraggi M; MONACOVID Group. 
COVID-19 pneumonia: relationship between inflammation assessed by whole-body FDG PET/CT 
and short-term clinical outcome. Eur J Nucl Med Mol Imaging 2021; 48: 260-268 [PMID: 32712702 
DOI: 10.1007/s00259-020-04968-8]

69     

Qin C, Liu F, Yen TC, Lan X. 18F-FDG PET/CT findings of COVID-19: a series of four highly 
suspected cases. Eur J Nucl Med Mol Imaging 2020; 47: 1281-1286 [PMID: 32088847 DOI: 
10.1007/s00259-020-04734-w]

70     

Setti L, Kirienko M, Dalto SC, Bonacina M, Bombardieri E. FDG-PET/CT findings highly suspicious 
for COVID-19 in an Italian case series of asymptomatic patients. Eur J Nucl Med Mol Imaging 2020; 
47: 1649-1656 [PMID: 32342191 DOI: 10.1007/s00259-020-04819-6]

71     

Zou S, Zhu X. FDG PET/CT of COVID-19. Radiology 2020; 296: E118 [PMID: 32142399 DOI: 
10.1148/radiol.2020200770]

72     

Polverari G, Arena V, Ceci F, Pelosi E, Ianniello A, Poli E, Sandri A, Penna D. 18F-
Fluorodeoxyglucose Uptake in Patient With Asymptomatic Severe Acute Respiratory Syndrome 
Coronavirus 2 (Coronavirus Disease 2019) Referred to Positron Emission Tomography/Computed 
Tomography for NSCLC Restaging. J Thorac Oncol 2020; 15: 1078-1080 [PMID: 32243920 DOI: 
10.1016/j.jtho.2020.03.022]

73     

Lütje S, Marinova M, Kütting D, Attenberger U, Essler M, Bundschuh RA. Nuclear medicine in 
SARS-CoV-2 pandemia: 18F-FDG-PET/CT to visualize COVID-19. Nuklearmedizin 2020; 59: 276-
280 [PMID: 32259853 DOI: 10.1055/a-1152-2341]

74     

Bellani G, Messa C, Guerra L, Spagnolli E, Foti G, Patroniti N, Fumagalli R, Musch G, Fazio F, 
Pesenti A. Lungs of patients with acute respiratory distress syndrome show diffuse inflammation in 
normally aerated regions: a [18F]-fluoro-2-deoxy-D-glucose PET/CT study. Crit Care Med 2009; 37: 
2216-2222 [PMID: 19487931 DOI: 10.1097/CCM.0b013e3181aab31f]

75     

Fang Y, Zhang H, Xie J, Lin M, Ying L, Pang P, Ji W. Sensitivity of Chest CT for COVID-19: 
Comparison to RT-PCR. Radiology 2020; 296: E115-E117 [PMID: 32073353 DOI: 
10.1148/radiol.2020200432]

76     

Yang W, Cao Q, Qin L, Wang X, Cheng Z, Pan A, Dai J, Sun Q, Zhao F, Qu J, Yan F. Clinical 
characteristics and imaging manifestations of the 2019 novel coronavirus disease (COVID-19):A 
multi-center study in Wenzhou city, Zhejiang, China. J Infect 2020; 80: 388-393 [PMID: 32112884 
DOI: 10.1016/j.jinf.2020.02.016]

77     

http://www.ncbi.nlm.nih.gov/pubmed/32105637
https://dx.doi.org/10.1016/S1473-3099(20)30086-4
http://www.ncbi.nlm.nih.gov/pubmed/32422177
https://dx.doi.org/10.1016/S2213-2600(20)30222-8
http://www.ncbi.nlm.nih.gov/pubmed/27581824
https://dx.doi.org/10.1183/16000617.0051-2016
http://www.ncbi.nlm.nih.gov/pubmed/20651183
https://dx.doi.org/10.2214/AJR.10.4499
http://www.ncbi.nlm.nih.gov/pubmed/16470113
https://dx.doi.org/10.1097/01.aids.0000210603.40267.29
http://www.ncbi.nlm.nih.gov/pubmed/26573211
https://dx.doi.org/10.1186/s13550-015-0143-x
http://www.ncbi.nlm.nih.gov/pubmed/22911695
https://dx.doi.org/10.1371/journal.pone.0040094
http://www.ncbi.nlm.nih.gov/pubmed/10964769
https://dx.doi.org/10.1006/viro.2000.0479
http://www.ncbi.nlm.nih.gov/pubmed/32712702
https://dx.doi.org/10.1007/s00259-020-04968-8
http://www.ncbi.nlm.nih.gov/pubmed/32088847
https://dx.doi.org/10.1007/s00259-020-04734-w
http://www.ncbi.nlm.nih.gov/pubmed/32342191
https://dx.doi.org/10.1007/s00259-020-04819-6
http://www.ncbi.nlm.nih.gov/pubmed/32142399
https://dx.doi.org/10.1148/radiol.2020200770
http://www.ncbi.nlm.nih.gov/pubmed/32243920
https://dx.doi.org/10.1016/j.jtho.2020.03.022
http://www.ncbi.nlm.nih.gov/pubmed/32259853
https://dx.doi.org/10.1055/a-1152-2341
http://www.ncbi.nlm.nih.gov/pubmed/19487931
https://dx.doi.org/10.1097/CCM.0b013e3181aab31f
http://www.ncbi.nlm.nih.gov/pubmed/32073353
https://dx.doi.org/10.1148/radiol.2020200432
http://www.ncbi.nlm.nih.gov/pubmed/32112884
https://dx.doi.org/10.1016/j.jinf.2020.02.016


WJR https://www.wjgnet.com 344 October 28, 2021 Volume 13 Issue 10

World Journal of 

RadiologyW J R
Submit a Manuscript: https://www.f6publishing.com World J Radiol 2021 October 28; 13(10): 344-353

DOI: 10.4329/wjr.v13.i10.344 ISSN 1949-8470 (online)

ORIGINAL ARTICLE

Prospective Study

Shoulder adhesive capsulitis in cancer patients undergoing positron 
emission tomography - computed tomography and the association 
with shoulder pain

Daichi Hayashi, Elaine Gould, Robert Shroyer, Eric van Staalduinen, Jie Yang, Musa Mufti, Mingqian Huang

ORCID number: Daichi Hayashi 
0000-0002-2067-5780; Elaine Gould 
0000-0002-2674-1785; Robert Shroyer 
0000-0002-2493-1710; Eric van 
Staalduinen 0000-0001-9786-2712; Jie 
Yang 0000-0003-3469-5931; Musa 
Mufti 0000-0002-4958-6298; 
Mingqian Huang 0000-0002-5734-
0191.

Author contributions: Hayashi D, 
Gould E and Huang M designed 
the research study; Hayashi D, 
Gould E, Shroyer R, van 
Staalduinen E, Mufti M and Huang 
M performed the research 
including data collection and 
electronic medical record review; 
Gould E, Shroyer R and Huang M 
interpreted positron emission 
tomography - computed 
tomography images; Yang J 
performed the statistical analyses; 
Hayashi D analyzed results and 
wrote the manuscript; all authors 
have read, edited and approved 
the final manuscript.

Institutional review board 
statement: Our prospective study 
received Institutional Review 
Board approval at our institution 
(Protocol# 2015-3396-R2).

Clinical trial registration statement: 
Our study is not a clinical trial. 
Therefore, there is no Clinical Trial 

Daichi Hayashi, Elaine Gould, Robert Shroyer, Eric van Staalduinen, Musa Mufti, Mingqian Huang, 
Department of Radiology, State University of New York at Stony Brook, Stony Brook, NY 
11794, United States

Jie Yang, Department of Family, Population and Preventive Medicine, Stony Brook Medicine, 
Stony Brook, NY 11794, United States

Corresponding author: Daichi Hayashi, MD, PhD, Associate Professor, Department of 
Radiology, State University of New York at Stony Brook, HSC Level 4, Room 120, Stony 
Brook, NY 11794, United States. daichi.hayashi@stonybrookmedicine.edu

Abstract
BACKGROUND 
Adhesive capsulitis is a relatively common condition that can develop in cancer 
patients during treatment. Positron emission tomography - computed 
tomography (PET-CT) is routinely performed as a follow-up study in cancer 
patients after therapy. Being aware of PET-CT findings to suggest shoulder 
adhesive capsulitis may help to alert clinicians for the diagnosis of unsuspected 
shoulder capsulitis.

AIM 
To assess the association of shoulder adhesive capsulitis with cancer/therapy type 
and symptoms in cancer patients undergoing PET-CT.

METHODS 
Our prospective study received Institutional Review Board approval. Written 
informed consent was obtained from all patients, who answered a questionnaire 
regarding shoulder pain/stiffness at the time of PET-CT study, between March 
2015 and April 2019. Patients with advanced glenohumeral arthrosis, metastatic 
disease or other mass in the shoulder, or shoulder arthroplasty were excluded. 
Patterns of shoulder capsule 18F-fluorodeoxyglucose (FDG) uptake were noted. 
Standard Uptake Value (SUV)max and SUVmean values were measured at rotator 
interval (RI) and deltoid muscle in bilateral shoulders. Normalized SUV (SUV of 
RI/SUV of deltoid muscle) was also calculated. We assessed if SUV values are 
different between symptomatic and asymptomatic patients in both shoulders. 
Covariates were age, gender, and therapy type (surgery, chemotherapy, radi-
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ation). Wilcoxon rank sum tests were used to compare unadjusted marginal 
differences for age, SUV measurements between symptomatic and asymptomatic 
patients. Multiple linear regression models were used to examine the relationship 
between right or left shoulder SUV measurements and symptom status, after 
adjusting for covariates. Statistical significance level was set at P < 0.05.

RESULTS 
Of 252 patients initially enrolled for the study (mean age 66 years, 67 
symptomatic), shoulder PET-CT data were obtained in 200 patients (52 were 
excluded due to exclusion criteria above). The most common cancer types were 
lymphoma (n = 61), lung (n = 54) and breast (n = 53). No significant difference was 
noted between symptomatic and asymptomatic patients in terms of age, gender, 
proportion of patients who had surgical therapy and radiation therapy. A 
proportion of patients who received chemotherapy was higher in patients who 
were asymptomatic in the right shoulder compared to those symptomatic in the 
right shoulder (65% vs 48%, P = 0.012). No such difference was seen for the left 
shoulder. In both shoulders, SUVmax and SUVmean were higher in symptomatic 
shoulders than asymptomatic shoulders (Left SUVmax 2.0 vs 1.6, SUVmean 1.6 vs 
1.3, both P < 0.002; Right SUVmax 2.2 vs 1.8, SUVmean 1.8 vs 1.5, both P < 0.01). 
For lung cancer patients, bilateral RI SUVmax and SUVmean values were higher 
in symptomatic shoulders than asymptomatic shoulders. For other cancer 
patients, symptomatic patients had higher left RI SUVmax/mean than 
asymptomatic patients after adjustment.

CONCLUSION 
In symptomatic patients metabolic activities in RI were higher than asymptomatic 
patients. Adhesive capsulitis should be considered in cancer patients with 
shoulder symptoms and positive FDG uptake in RI.

Key Words: Adhesive capsulitis; Positron emission tomography - computed tomography; 
Cancer; Shoulder; Pain; Imaging

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Adhesive capsulitis is a relatively common condition that can develop in 
cancer patients during treatment. However, there has been relatively scant literature 
evidence on Positron emission tomography - computed tomography (PET-CT) findings 
specific to adhesive capsulitis. Our study showed that, in symptomatic cancer patients, 
metabolic activities in the rotator interval were higher than asymptomatic patients 
overall, and also specifically for lung cancer patients. Presence of adhesive capsulitis 
may explain shoulder pain or stiffness in cancer patients, which can be incidentally 
diagnosed on PET-CT. Demographic characteristics, treatment regimen, and cancer 
type did not appear to be an independent risk factor.

Citation: Hayashi D, Gould E, Shroyer R, van Staalduinen E, Yang J, Mufti M, Huang M. 
Shoulder adhesive capsulitis in cancer patients undergoing positron emission tomography - 
computed tomography and the association with shoulder pain. World J Radiol 2021; 13(10): 
344-353
URL: https://www.wjgnet.com/1949-8470/full/v13/i10/344.htm
DOI: https://dx.doi.org/10.4329/wjr.v13.i10.344

INTRODUCTION
Adhesive capsulitis is a relatively common and potentially debilitating disorder of the 
shoulder joint, with most common onset in the 5th to 6th decades. Typical clinical 
presentation include shoulder pain, stiffness, and loss of range of motion, and can 
persist for extended periods of time if not adequately addressed clinically[1-4]. While 
adhesive capsulitis is a clinical diagnosis, magnetic resonance imaging (MRI) is 
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currently the most commonly used imaging tool for its diagnosis[5-7], however not all 
cancer patients undergo MRI of the shoulder unless there is specific clinical suspicion 
for adhesive capsulitis or other shoulder-specific pathology. Positron emission 
tomography - computed tomography (PET-CT) is a useful imaging modality for cancer 
diagnosis, particularly for the purpose of staging and follow-up of malignancy. PET-
CT is also useful in monitoring inflammatory disorders, and the shoulder joint can be 
hypermetabolic on PET-CT when there is active inflammation such as osteoarthritis, 
inflammatory and infectious arthritis, bursitis, rotator cuff injury, and adhesive 
capsulitis[8,9]. However, there has been relatively scant literature evidence on PET-CT 
findings specific to adhesive capsulitis. One study demonstrated radiotracer uptake in 
the joint capsule of the glenohumeral joint connecting the rotator interval, anterior 
joint capsule, and axillary recess is related to adhesive capsulitis[10]. Another study 
found secondary adhesive capsulitis (depicted by PET-CT) after modified radical 
mastectomy for breast cancer was common (9.6%) and differed in severity and the 
progression pattern depending on whether the range of motion in the shoulder was 
mildly or severely limited[11]. Given the fact that PET-CT imaging is routinely 
performed as a follow-up study in cancer patients after therapy, being aware of PET-
CT findings to suggest shoulder adhesive capsulitis may help to alert clinicians for the 
diagnosis of unsuspected shoulder capsulitis and avoid potential misdiagnosis of 
cancer progression, while simultaneously allowing for earlier initiation of appropriate 
therapy of capsulitis to potentially improve outcomes. Therefore, the aims of our study 
were to: (1) Evaluate the frequency of shoulder capsulitis in cancer patients 
undergoing PET-CT; (2) Determine if there is correlation between cancer type/ 
treatment regimen and frequency of adhesive capsulitis; and (3) Evaluate if metabolic 
activities in the rotator interval (RI) are different between symptomatic and 
asymptomatic patients.

MATERIALS AND METHODS
Data collection
Our prospective study received Institutional Review Board approval at our institution 
(Protocol# 2015-3396-R2). Written informed consent was obtained from all patients. 
All participants (cancer patients) answered a questionnaire regarding shoulder pain or 
stiffness and its duration at the time of presentation to an imaging study at our 
institution (outpatient cancer center) between March 2015 and April 2019. Questions 
included: Do you have shoulder pain or stiffness (yes/no, if yes, which side); if yes, 
how long have you had shoulder pain? Have you noticed decreased range of motion 
in the affected shoulder (yes/no)? Is the symptom worse at any particular time of day? 
Do you have difficulty raising arms above your head or moving your arms behind 
back (yes/no)? Electronic medical chart review was performed to collect demographic 
information (age and gender) as well as details of cancer type and treatment regimen 
(type and date of surgery, type and date/duration of chemotherapy, and type and 
date/duration of radiation therapy). All eligible cancer patients who presented to our 
outpatient imaging center for PET-CT imaging within the recruitment period and were 
willing to participate in the study were included in our study. Patients with advanced 
glenohumeral arthrosis, metastatic disease or other mass lesion in the shoulder (all of 
which could give positive FDG uptake without adhesive capsulitis), or history of 
shoulder arthroplasty were excluded.

PET-CT image acquisition and interpretation
All patients fasted for at least 6 hours prior to the PET-CT scan. Blood glucose levels 
were measured before the injection of 18F-fluorodeoxyglucose (FDG) and were lower 
than 200 mg/dL in all patients. PET-CT was performed using a Siemens Biograph LSO 
(Siemens Healthineers, Erlangen, Germany). Whole-body CT from the basal skull to 
the thigh was performed with a continuous spiral technique on a 40-slice helical CT 
scanner (120 kV; 65 mAs, slice thickness of 4 mm) in the supine position with the arms 
down. Next, an emission scan was performed from head to thigh at 3 min per frame at 
60 min after the intravenous injection of 0.14 mCi/kg of 18F-FDG. CT data were used 
for attenuation correction and PET images were reconstructed with a three-
dimensional (3D) ordered-subsets expectation maximization algorithm (20 subsets, 
two iterations). CT and PET scan data were accurately coregistered on a dedicated 
workstation.
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We evaluated the intensity of 18F-FDG accumulation as standardized uptake values 
(SUVs), defined as the tissue concentration divided by the activity injected per body 
weight. A region of interest was drawn in transaxial images showing FDG uptake 
within the RI and also low grade FDG uptake at the deltoid muscle. SUVs were 
measured at the RI and the deltoid muscle from attenuation-corrected axial images. 
Maximum SUV (SUVmax) at a pixel with the highest uptake of 18F-FDG within each 
region of interest (ROI) as well as the mean SUV (SUVmean) of each ROI were 
recorded in bilateral shoulders. Normalized SUV (SUV of RI/SUV of deltoid muscle) 
was also calculated. None of the ROIs included osseous structures or muscles other 
than deltoid to exclude the effect of the tracer uptake at the bone marrow and other 
muscles.

Patterns of shoulder capsule 18F-FDG uptake were recorded on PET-CT scan by two 
experienced board-certified musculoskeletal radiologists and a Musculoskeletal 
Radiology Fellow, blinded to clinical information. FDG uptake was considered 
positive and suggestive of adhesive capsulitis if there was hypermetabolism corres-
ponding to the location of RI on fused PET-CT images.

Statistical analyses
Statistical analyses were performed using SAS9.4 (SAS Institute Inc., Cary, NC) to 
assess if SUV values are different between patients with and without symptoms in 
both shoulders. Covariates were age, gender, history of therapy (surgery, chemo-
therapy, and radiation). Wilcoxon rank sum tests were used to compare unadjusted 
marginal differences for age, SUV measurements between patients with and without 
shoulder symptoms. Multiple linear regression models were used to examine the 
relationship between right or left shoulder SUV measurements and symptom status, 
after adjusting for cancer type, therapy status, gender and age. To enable meaningful 
statistical analyses, cancer types were classified into the following 5 categories; Breast, 
lung, lymphoma, “multiple” (= patients who had two or more cancers), and “other” (= 
includes the rest of patients with only one cancer that is other than breast cancer, lung 
cancer or lymphoma). Interaction of shoulder symptom status and cancer type was 
also included in the models to model the differences within each specific cancer types. 
Statistical significance level was set at P < 0.05.

RESULTS
252 patients were initially enrolled (143 women, 109 men, mean age 66 years, 67 
symptomatic). Of these, two patients had right sided shoulder arthroplasty and one 
patient had left sided shoulder arthroplasty, and these affected shoulders were 
excluded from analyses. One patient had a large mass in the left proximal humerus, 
and was also excluded from analysis. Other patients who did not have PET-CT 
imaging of shoulders (e.g., patients who had brain PET-CT only, or bilateral shoulders 
being outside the field of view) or other applicable exclusion criteria described earlier 
were also excluded. In the end, there were 200 right shoulder PET-CT imaging, and 
200 Left shoulder PET-CT imaging. Most common cancer types were lymphoma (n = 
61), lung (n = 54) and breast (n = 53) (Table 1). No statistically significant difference 
was noted between symptomatic and asymptomatic patients in terms of age, gender, 
proportion of patients who had surgical therapy and radiation therapy. A proportion 
of patients who received chemotherapy was higher in patients who were 
asymptomatic in the right shoulder compared to those symptomatic in the right 
shoulder (65% vs 48%, P = 0.012). No such difference was seen for the left shoulder.

In both shoulders, SUVmax and SUVmean were higher in symptomatic shoulders 
than asymptomatic shoulders (Left SUVmax 2.0 vs 1.6, SUVmean 1.6 vs 1.3, both P < 
0.002; Right SUVmax 2.2 vs 1.8, SUVmean 1.8 vs 1.5, both P < 0.01), as shown in 
Table 2. Based on the multiple linear regression models, for lung cancer patients, 
bilateral RI SUVmax and SUVmean values were higher in symptomatic shoulders than 
asymptomatic shoulders after adjustment (Table 3). Examples of symptomatic 
shoulders with abnormal capsular FDG uptake are shown in Figures 1 and 2. For other 
cancer patients, symptomatic patients had higher left rotator interval SUVmax and 
SUVmean than asymptomatic patients after adjustment.
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Table 1 The total number and types of cancers that were included in our patient population

Type of cancer Total number

Lymphoma 61

Lung 54

Breast 53

Head and neck 12

Thyroid 10

Colon 9

Melanoma 9

Multiple myeloma 9

Endometrial 6

Pancreas 5

Bladder 5

Prostate 4

Kidney 3

Sarcoma 3

Esophageal 3

Other1 24

1”Other” cancers were cases in which the primary tumor type was not yet determined, but the patient already had metastatic disease, or cancer types 
which had only 2 or fewer patients including stomach, Castleman’s disease, bone, cervical, ovarian, neurofibromatosis type 1 small bowel mass, brain, 
carcinoid, cholangiocarcinoma, small cell carcinoma, penile, anal, Merckel cell, cardiac, tracheal, and rectal cancers.

Table 2 Standard uptake value measurements of right and left shoulders in symptomatic and asymptomatic patients

Left shoulder Total (n = 200) Asymptomatic (n = 143) Symptomatic (n = 57) P value

RI SUVmax 1.7 ± 0.9 1.6 ± 0.7 2.0 ± 1.1 < 0.001

RI SUVmean 1.4 ± 0.7 1.3 ± 0.6 1.6 ± 0.9 0.002

Deltoid SUVmax 0.9 ± 0.3 0.9 ± 0.3 1.0 ± 0.3 0.068

Deltoid SUVmean 0.8 ± 0.3 0.8 ± 0.3 0.8 ± 0.3 0.281

Normalized SUVmax 1.9 ± 1.3 1.9 ± 1.0 2.0 ± 1.5 0.125

Normalized SUVmean 1.8 ± 1.2 1.8 ± 1.1 1.9 ± 1.6 0.112

Right shoulder Total (n = 200) Asymptomatic (n = 143) Symptomatic (n = 57) P value

RI SUVmax 1.9 ± 0.8 1.8 ± 0.8 2.2 ± 0.7 0.002

RI SUVmean 1.5 ± 0.7 1.5 ± 0.7 1.8 ± 0.8 0.012

Deltoid SUVmax 0.9 ± 0.3 0.9 ± 0.3 0.9 ± 0.3 0.279

Deltoid SUVmean 0.7 ± 0.2 0.7 ± 0.2 0.8 ± 0.3 0.160

Normalized SUVmax 2.2 ± 1.1 2.2 ± 1.1 2.3 ± 1.5 0.105

Normalized SUVmean 2.1 ± 1.0 2.2 ± 1.0 2.1 ± 1.1 0.392

P value was calculated using Wilcoxon rank sum test and median with Inter Quartile Ratio were reported. These results were unadjusted comparisons. RI: 
Rotator interval; SUV: Standard uptake value.

DISCUSSION
Adhesive capsulitis is a relatively common condition that can develop and perhaps, 
can predate, diagnosis of cancer in patients undergoing treatment[12], and can be 
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Table 3 Multiple linear regression analyses showing association between right or left shoulder standard uptake value measurements 
and symptom status after adjusting for covariates, stratified by cancer type

Left RI SUVmax Right RI SUVmaxCancer type

Value 95%CI Value 95%CI

Breast 0.36 -0.37, 0.44 0.13 -0.51, 0.54

Lung 0.65 0.24, 1.07 0.56 0.14, 0.97

Lymphoma 0.28 -0.14, 0.70 0.08 -0.34, 0.51

Multiple 0.25 -0.21, 0.71 0.23 -0.01, 1.12

Other 0.57 0.23, 0.91 0.22 -0.21, 0.65

Left RI SUVmean Right RI SUVmeanCancer type

Value 95%CI Value 95%CI

Breast 0.05 -0.30, 0.39 -0.03 -0.46, 0.41

Lung 0.50 0.14, 0.86 0.45 0.11, 0.80

Lymphoma 0.19 -0.17, 0.55 -0.06 -0.42, 0.29

Multiple 0.19 -0.21, 0.58 0.45 -0.02, 0.92

Other 0.44 0.14, 0.73 0.28 -0.08, 0.64

There was no statistically significant results for deltoid SUV measurements and normalized SUV measurements for right and left shoulders (results not 
shown). RI: Rotator interval; SUV: Standard uptake value.

incidentally identified on PET-CT imaging, or other imaging such as ultrasound and 
MRI[13]. In symptomatic patients, metabolic activities in the RI were higher than 
asymptomatic patients. The presence of adhesive capsulitis may explain shoulder pain 
or stiffness in cancer patients, which can be incidentally diagnosed on PET-CT. In 
general population, it has been shown that risk factors for adhesive capsulitis include 
age 40 years or older, female gender, immobility or reduced mobility of the shoulder 
(due to pathologies such as stroke, fracture, recovery from surgery, and rotator cuff 
injury), and underlying systemic diseases such as diabetes, thyroid disorders, and 
Parkinson’s disease[14]. In our study sample, demographic characteristics, treatment 
regimen, and cancer type did not appear to be an independent risk factor.

Diagnostic utility of PET-CT for diagnosis of adhesive capsulitis of the shoulder has 
been infrequently documented in the literature, some are related to cancer patients[11,
14,15] but others are not[10,16,17]. A retrospective analysis of patients with clinically 
diagnosed adhesive capsulitis showed increased FDG uptake in the RI or inferior 
glenohumeral joint capsule conferred a moderate increase in the likelihood of adhesive 
capsulitis[16]. In this study, of the 123 patients, 9 patients had clinical diagnosis of 
adhesive capsulitis, while 15 patients had FDG uptake in the RI or inferior joint 
capsule, with the sensitivity and specificity of PET for detection of capsulitis being 56% 
and 87%, respectively. PET-CT had a positive likelihood ratio for adhesive capsulitis 
was 6.3 (95%CI: 2.8-14.6)[16].

In a prospective study with 35 middle aged patients with unilateral idiopathic 
shoulder adhesive capsulitis, correlation between FDG PET-CT depicted metabolic 
pattern at the four ROIs (RI, anterior joint capsule, axillary recess, and posterior joint 
capsule) and clinical parameters (pain, functional scores, and passive range of motion) 
was evaluated[17]. Mean SUVmax values for the four ROIs of the affected shoulder 
were significantly higher than those of the unaffected shoulder. More specifically, the 
anterior-inferior capsular portion, including RI and axillary recess, was found to be the 
main pathologic site of idiopathic adhesive capsulitis and revealed significant correl-
ations between the limited range of motion (both elevational and rotational) and 
increased FDG uptake in these locations[17].

While the above two studies did show PET-CT can be useful for imaging diagnosis 
of adhesive capsulitis, they were not directly related to cancer patients, which are 
actually the primary research interest in our study. A retrospective study including 
230 breast cancer patients demonstrated FDG-PET is useful in evaluating adhesive 
capsulitis after breast cancer treatment[11]. Twenty two patients had clinically 
identified adhesive capsulitis and were categorized into 2 groups: With severely 
limited and mildly limited range of motion in the shoulder joint. SUVs of the shoulder 
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Figure 1 Fifty-two years old patient with lung cancer. A: Initial pre-therapy Positron emission tomography - computed tomography showed no significant 
capsular 18F-fluorodeoxyglucose (FDG) uptake; B: After the patient was treated with chemotherapy for his lung cancer, the patient developed bilateral shoulder pain 
with bilateral capsular FDG uptake.

joint capsule were significantly higher in patients with severely limited range of 
motion compared with those with mildly limited range of motion[11].

Although potentially useful for detection of adhesive capsulitis of the shoulder, 
interpretation of FDG PET-CT requires caution because a focus of increased metabolic 
activity can mimic a metastatic lesion in lung cancer patients due to non-specific 
nature of the positive PET finding and limited anatomical resolution of PET itself as 
well as potential misregistration of FDG avid focus onto CT images at the time of PET-
CT fusion[15]. This is an important point to note, as our study showed the lung cancer 
was associated with higher SUVs in symptomatic shoulders bilaterally. It is thus 
important to confirm a suspicion for adhesive capsulitis (raised by PET-CT finding) by 
dedicated MRI of the shoulder, so as not to mistakenly diagnose a metastasis and 
potentially altering staging of the cancer and thus management plan.

Interestingly, one large scale study including prospectively collected 2572 incident 
cancers among 29098 adhesive capsulitis patients showed adhesive capsulitis might be 
an early predictor for a subsequent cancer[14]. Investigators followed these patients 
for development of cancer, and found 6-month cumulative incidence of any cancer 
was 0.70% (standardized incidence ratio [SIR] of 1.38, 95%CI: 1.19-1.58), and risk 
increases were highest for lung cancer (SIR: 2.19, 95%CI: 1.48-3.13). The findings of our 
study are in line with this study, in that lung cancer was the only cancer type that 
showed statistically significant association of higher SUV in symptomatic shoulders. It 
is unknown why such association was not demonstrated in other types of cancers, 
despite the fact that there were similar numbers of lymphoma and breast cancer 
patients in our study. All other types of cancers were likely too small in number to be 
able to show statistically meaningful association.

Although we attempted to correlate development of capsulitis and potential 
relationship with different therapy options, no statistically significant association of 
capsulitis with surgical therapy or radiation therapy was demonstrated. In the right 
shoulder, a higher proportion of asymptomatic patients received chemotherapy 
compared to symptomatic patients, but the same was not applicable to the left 
shoulder. This is likely an incidental finding, as the laterality of the capsulitis is 
unlikely to be affected by chemotherapy which is a systemic therapy and should not 
localize to one side of the shoulder.
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Figure 2 Fifty-six years old patient with lung cancer. Fused Positron emission tomography (PET) - computed tomography (A) and (C) maximum intensity 
projection (MIP) PET images demonstrate mild diffuse non-specific bilateral shoulder capsular FDG uptake at initial pre-therapy imaging (arrows, better seen on MIP 
images); B and D: After diagnosis of lung cancer and treatment, the patient developed right shoulder pain and more focal capsular uptake in the right shoulder 
capsule in the region of rotator interval (arrows).

Limitations of our study include a lack of clinical diagnosis of capsulitis based on 
clinical examination performed by non-radiologists, and our diagnosis of capsulitis is 
purely based on PET-CT finding and patient-reported symptoms. We do not know for 
sure if those patients with positive PET findings actually had clinical exam findings 
(such as pain and limited range of motion) consistent with adhesive capsulitis. Data 
collection was performed via internal electronic medical record review only. We did 
not have access to medical records of patients who were managed by physicians 
outside our institutional network. Lastly, there was no follow-up PET-CT data to 
assess for resolution of the adhesive capsulitis by imaging.

CONCLUSION
In conclusion, our study showed metabolic activities in RI were higher in symptomatic 
patients than asymptomatic patients. Although appearance and relationship of 
capsulitis with malignancy is not fully understood, adhesive capsulitis should be 
considered in cancer patients with shoulder pain or stiffness and positive FDG uptake 
in RI, as it may allow for therapy in earlier stages of disease to improve outcomes.
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ARTICLE HIGHLIGHTS
Research background
Adhesive capsulitis of the shoulder is a relatively common condition that can develop 
and possibly predate diagnosis of cancer in patients undergoing treatment. The 
presence of adhesive capsulitis may explain the presence of shoulder pain or stiffness 
in cancer patients, which can be incidentally diagnosed on Positron emission 
tomography - computed tomography (PET-CT).

Research motivation
Since PET-CT imaging is routinely performed as a follow-up study in cancer patients 
after therapy, being aware of PET-CT findings to suggest shoulder adhesive capsulitis 
may help to alert clinicians for the diagnosis of unsuspected shoulder capsulitis and 
avoid potential misdiagnosis of cancer progression.

Research objectives
To: (1) Evaluate the frequency of shoulder capsulitis in cancer patients undergoing 
PET-CT; (2) Determine if there is correlation between cancer type/treatment regimen 
and frequency of adhesive capsulitis; (3) Evaluate if metabolic activities in the rotator 
interval are different between symptomatic and asymptomatic patients. We assessed if 
Standard Uptake Values (SUVs) are different between symptomatic and asymptomatic 
patients in both shoulders.

Research methods
In this prospective study, patients answered a questionnaire regarding shoulder 
pain/stiffness at the time of PET-CT study, between March 2015 and April 2019. 
Patterns of shoulder capsule 18F-fluorodeoxyglucose (FDG) uptake were noted. 
SUVmax and SUVmean values were measured at the rotator interval (RI) and deltoid 
muscle in bilateral shoulders. Wilcoxon rank sum tests were used to compare 
unadjusted marginal differences for age, SUV measurements between symptomatic 
and asymptomatic patients. Multiple linear regression models were used to examine 
the relationship between right or left shoulder SUV measurements and symptom 
status, after adjusting for covariates.

Research results
200 right shoulders and 200 Left shoulders were included in our study. No significant 
difference was noted between symptomatic and asymptomatic patients in terms of 
age, gender, proportion of patients who had surgical therapy and radiation therapy. In 
both shoulders, SUVmax and SUVmean were higher in symptomatic shoulders than 
asymptomatic shoulders (Left SUVmax 2.0 vs 1.6, SUVmean 1.6 vs 1.3, both P < 0.002; 
Right SUVmax 2.2 vs 1.8, SUVmean 1.8 vs 1.5, both P < 0.01). For lung cancer patients, 
bilateral RI SUVmax and SUVmean values were higher in symptomatic shoulders than 
asymptomatic shoulders.

Research conclusions
In symptomatic patients metabolic activities in the RI were higher than asymptomatic 
patients. Adhesive capsulitis should be considered in cancer patients with shoulder 
pain or stiffness and positive FDG uptake in the RI, as it may allow for therapy in 
earlier stages of disease to improve outcomes.

Research perspectives
Future studies may endeavor to perform radiomics research (texture analysis) on the 
PET-CT images.
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Abstract
Radiology education and training is of paramount clinical importance given the 
prominence of medical imaging utilization in effective clinical practice. The 
incorporation of basic radiology in the medical curriculum has continued to 
evolve, focusing on teaching image interpretation skills, the appropriate ordering 
of radiological investigations, judicious use of ionizing radiation, and providing 
exposure to interventional radiology. Advancements in radiology have been 
driven by the digital revolution, which has, in turn, had a positive impact on 
radiology education and training. Upon the advent of the corona virus disease 
2019 (COVID-19) pandemic, many training institutions and hospitals adhered to 
directives which advised rescheduling of non-urgent outpatient appointments. 
This inevitably impacted the workflow of the radiology department, which 
resulted in the reduction of clinical in-person case reviews and consultations, as 
well as in-person teaching sessions. Several medical schools and research centers 
completely suspended face-to-face academic activity. This led to challenges for 
medical teachers to complete the radiology syllabus while ensuring that teaching 
activities continued safely and effectively. As a result, online teaching platforms 
have virtually replaced didactic face-to-face lectures. Radiology educators also 
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sought other strategies to incorporate interactive teaching sessions while adopting 
the e-learning approach, as they were cognizant of the limitations that this may 
have on students’ clinical expertise. Migration to online methods to review live 
cases, journal clubs, simulation-based training, clinical interaction, and radiology 
examination protocolling are a few examples of successfully addressing the 
limitations in reduced clinical exposure. In this review paper, we discuss (1) The 
impact of the COVID-19 pandemic on radiology education, training, and practice; 
(2) Challenges and strategies involved in delivering online radiology education 
for undergraduates and postgraduates during the COVID-19 pandemic; and (3) 
Difference between the implementation of radiology education during the 
COVID-19 pandemic and pre-COVID-19 era.

Key Words: Radiology; Education; Training; Practice; COVID-19 pandemic; Impact

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The COVID-19 pandemic has had a tremendous impact on radiology 
education. Even before the pandemic, educators often encountered many difficulties in 
delivering the radiology curriculum. During the pandemic, there was an almost 
complete transition of radiology education to a blended online platform. Many hiccups 
in implementing online teaching were reported, such as suitable hardware/software, 
reliable internet connection, innovative and interactive teaching methods and contents, 
and meaningful participation and interaction of the students. However, despite many 
challenges and restrictions, the current pandemic revealed opportunities for radiology 
educators and students to apply the technological acumen and wisdom they gained by 
teaching and learning remotely.

Citation: Majumder MAA, Gaur U, Singh K, Kandamaran L, Gupta S, Haque M, Rahman S, Sa 
B, Rahman M, Rampersad F. Impact of COVID-19 pandemic on radiology education, training, 
and practice: A narrative review. World J Radiol 2021; 13(11): 354-370
URL: https://www.wjgnet.com/1949-8470/full/v13/i11/354.htm
DOI: https://dx.doi.org/10.4329/wjr.v13.i11.354

INTRODUCTION
Recent surveys have explicitly stated the necessity of radiology education for 
undergraduate medical students[1,2]. Radiology education and training, over the last 
decade, has undergone a significant transformation from purely didactic lectures 
toward early clinical exposure and team-based learning, with an emphasis on hands-
on workshops and case-based teaching[3]. Over the last decade, much before the 
corona virus disease 2019 (COVID-19) pandemic, e-learning has become a highly 
effective and valuable asset in the field of radiology education, just like many other 
areas of medical education[2,4]. In recent years, the majority of the medical teaching 
institutions throughout Europe were reportedly using e-learning extensively in 
radiology teaching and training[5]. Face-to-face learning, combined with online 
education, was found to be very successful in enhancing students’ knowledge in basic 
radiology, clinical radiology skill application, and long-term retention of knowledge 
and basic skills in radiology[6].

The COVID-19 pandemic has resulted in an unprecedented worldwide disruption 
in medical education training and patient care[7-11]. Several medical schools and 
research centers suspended face-to-face academic activity and scientific research 
activities to maximize social distancing and minimize the spread of infection COVID-
19 among staff and others[12-14]. Similarly, there has been a disruption in the activity 
of academic programs and research activities in radiology, with both short-term and 
long-term implications[1,15,16]. This disruption affected radiology practice and 
teaching of both undergraduate medical students and postgraduate trainees/fellows. 
It has now become important for medical teachers to deliver their lectures safely while 
ensuring the effectiveness and integrity of the process. Electronic or online teaching 
platforms have completely or almost completely replaced didactic lectures and all the 
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forms of face-to-face teaching. These online activities are structured to promote 
knowledge and skills defined in the curriculum while facilitating an individualized 
learning experience[17].

In the preclinical years, medical students have traditionally learned radiology 
through didactic lectures, case-based learnings, integrated anatomy laboratories, and 
clinical skill sessions, an example of which is hands-on ultrasound sessions. This 
fosters the student’s ability to select the most appropriate imaging modality for the 
relevant clinical situation. Evidence-based selection of imaging tests, best suited for 
individual clinical scenarios, is a fundamental value in providing greater value to 
patient care[18]. The COVID-19 pandemic has posed significant challenges in utilizing 
these established formats of radiology education[19].

However, despite many challenges and restrictions, the current pandemic revealed 
opportunities for radiology educators to apply and expand the technological acumen 
and wisdom they gained by delivering content remotely[20]. In this review paper, we 
have discussed (1) The impact of the COVID-19 pandemic on radiology education, 
training and practice; (2) Challenges and strategies involved in delivering online 
radiology education for undergraduate and postgraduate students during the COVID-
19 pandemic; and (3) Difference between the implementation of radiology education 
during the COVID-19 pandemic and pre-COVID-19 era.

LITERATURE SEARCH
We performed literature searches with PubMed, Scopus, and Google Scholar using 
specific keywords, e.g., “Radiology,” “Education,” “Training,” “practice,” “COVID-19 
pandemic,” and “Impact.” Original studies, reviews, editorials, commentaries, 
perspectives, short or unique communications, and policy papers on radiology 
education, training and practice were reviewed. Information from websites of different 
professional associations and national/international organizations was searched to 
retrieve relevant information.

RADIOLOGY TEACHING/TRAINING IN UNDER- AND POST-GRADUATE 
EDUCATION
Although the necessity of teaching radiology among undergraduate medical students 
has been continuously emphasized[1,5,21-23], medical students often receive 
inadequate teaching-learning input, and are, therefore, inadequately trained in basic 
radiology[22,24,25]. The usage and interpretation of medical images are very 
ubiquitous in clinical practice; therefore, basic radiology must be incorporated in the 
medical curriculum for interpretation of common abnormalities, such as those found 
in radiographs of the chest, abdomen, and limbs, as well as basic computed 
tomography (CT) scans of the head and abdomen. This exposure will allow medical 
students to become competent in basic medical image interpretation, and in 
recognizing the critical situations when expert radiological opinion should be sought
[5,6]. Currently, the selection of the right imaging technique has become very 
challenging for the general practitioners, due to numerous medical imaging options 
which are becoming increasingly complex. Multiple studies reported that even in 
certain centers within the United States of America, radiology teaching among 
undergraduate medical students, including clinical clerkships, remains very 
“inadequate”[26-28]. Furthermore, British undergraduate medical students mentioned 
several limitations in their radiology teaching-learning program[22,29]. The aforesaid 
facts highlight the significance of radiology teaching in undergraduate medical 
education as an imperative building block. The central focus should be on teaching 
image interpretation skills and appropriate ordering of medical investigations, which 
should relate to prospective clinical practice. For radiology postgraduate programs 
(including residencies and fellowships), exposure and rotations through the various 
radiology subspecialties are mandatory, facilitating a wide exposure of the various 
imaging modalities, techniques, and clinical scenarios. Participation in multidiscip-
linary team meetings (MDTs) also facilitates a greater level of discourse with other 
specialists, such as surgeons, physicians, and pathologists.

Radiology instructional strategies should incorporate interactive teaching sessions 
and target all levels of medical education, at the undergraduate and postgraduate level 
as well as in the delivery of continuing medical education[28]. The current practice of 
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an e-learning approach has limitations in providing adequate clinical experience to the 
students and there has thus been an urgent call for more effective, modern teaching-
learning methods to better train students in radiology[22,30]. Most teaching centers 
have a standardized core radiology curriculum that extensively covers general 
radiology experience supplemented by the subspeciality curricula, ensuring the equal 
status of radiologists in a multidisciplinary team. Further, with a growing number of 
cliniciansacquiring interpretative skills in radiological imaging and diagnosis, 
radiologists are needed to prove mastery of their skills and knowledge to justify their 
inclusion in the team[31].

Pre-COVID-19 status of radiology education 
Radiology teaching has undergone significant and continuous advancements during 
the pre-COVID-19 era. Fast-paced, expeditious technology-oriented innovations were 
introduced in clinical practice, which has transformed the specialty. This is highlighted 
by the change in the many radiology certification examinations from written and oral 
modes to computer-based testing. Although most universities have already embraced 
the new learning methods, some still find it difficult to administer these changes in the 
curriculum[32]. Radiology teaching in most of the European education centers was 
assembled and delivered as a part of the formal curriculum, mainly by the “classical 
approach” as an independent discipline, “modular approach” integrated with the 
clinical teaching modules, or by the “hybrid approach”–a combination of classical and 
the modular components. A growing need for more radiology education has been 
highlighted by the medical students, as radiology is frequently underrepresented in 
the medical curriculum and is usually taught by non-radiologists[26,33-35]. A study in 
the United States in Medical and Osteopathic schools reported that only 25% of United 
States medical schools required radiology clinical rotations, although students valued 
having radiology as a regular part of the medical school curriculum[36]. Medical 
students pursuing their clinical years have reported that radiology was being poorly 
taught, and highlighted a need for detailed teaching on topics such as radiation safety, 
magnetic resonance imaging (MRI) safety, and standardized requesting algorithms, 
such as the American College of Radiology appropriateness criteria (AC). The need to 
embrace the Alliance of Medical Student Educators in Radiology (ACR-AMSER) 
curriculum was recognized[28,35]. A United Kingdom study by Singh et al[36] 
established the core curriculum in the vital area of radiation protection (RP), thus 
formally establishing what medical students should be expected to know[36]. With the 
arrival and adoption of the latest imaging techniques and the growing demand for 
image-guided minimally invasive surgical procedures, interventional radiology (IR) 
has shown steady growth as a core element in medical and surgical therapeutics. 
However, a lacuna of teaching principles of IR, methods and techniques in the medical 
undergraduate curriculum was recognized[37]. Radiology has seen a digital revolution 
in the past decade having a notable impact on the education and training of 
radiologists. This includes the advent of handheld mini computer devices, virtual, 
online knowledge and skill assessments, enhancement of radiological procedural 
training with the use of simulations or virtual patients, high-quality videoconferencing 
tools, and the worldwide alliance of radiological resources via international databases
[38]. Computer-assisted education or e-learning in radiology has become an important 
source of medical education especially for developing competencies in such areas as 
clinical X-ray interpretation. A study in Australia and New Zealand showed e-learning 
in combination with traditional learning can be more effective on radiological 
interpretation skills[39]. In 2014, following a detailed survey by the combined 
American College of Radiologists and the ACR-AMSER, recommendations and 
actionable interventions were proposed to allow measurable improvements to fulfill 
expectations surrounding medical imaging education[33]. Action plans were charted 
to meet the growing demands of radiology education and changes were adopted in the 
medical school curriculum by many teaching centers[33].

Radiology education: Issues and challenges 
As radiology is not introduced as a separate discipline in the undergraduate 
curriculum, radiology tends to be marginalized in the examinations, a substantial 
reason for students to omit radiological anatomy and radiology topics[1,21,33]. 
Radiology educators often encounter challenges such as allocating adequate teaching 
time, education budgetary constraints, framing educational needs, professional 
development for facilitating radiology teaching-learning sessions, and difficulties in 
developing instruments to assess teaching quality. Radiology teaching-learning 
sessions in most institutions are frequently conducted by non-subject experts, although 
it is recognized that radiologists teach diagnostic imaging better than any other 
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specialty. Therefore, it was suggested as pertinent and timely for the development of a 
core curriculum and that radiologists should start playing a more active role in 
undergraduate medical education[21]. Severe competition due to encroachment of 
other clinical specialists in the field, lack of proper recognition, lack of recognized 
clinical training, inefficient management of the relationship of IR with diagnostic 
radiology and complexities of IR along with an obligation to the best clinical care for 
patients, cost escalation, workforce issues, and time constraints were seen as major 
threats and challenges of teaching IR techniques[40,41]. Cohen et al[42] reported that 
radiology faculty spent 72% of their time in clinical activities and only 19% on 
radiology education-related activities, revealing suboptimal time spent on educational 
activities. Faculty members usually spend more time teaching rather than asking 
questions to the students, which doesn’t develop the cognitive and critical thinking 
skills, demanding a need for more “safe space” for students to learn by making 
mistakes[42]. There is a need for more apprenticeship training time for more active 
and stimulating interactions and more professional development time to facilitate 
radiology teaching-learning sessions. Another study among medical students revealed 
that a gap exists between theoretical input and clinical practice, inadequate exposure 
to specialized procedures (such as IR cases), and time allocated teaching-learning 
sessions[37]. Although IR is the most expanding field in radiology due to increased 
patient demand, regardless of the many accomplishments, public awareness of IR is 
however extremely limited[40,42].

Impact of technological innovation 
As indicated before, the old style of medical education was enhanced by incorporating 
e-learning strategies[2]. A significant evolution from when teaching resources were 
limited to films developed in dark rooms and stored as archives or film museums[43]. 
Over the past several decades, the practice of radiology has undergone remarkable 
changes, accompanying the digital revolution and advances in imaging technology
[22]. The digital modalities and extensive networking technology prompted the 
development of Digital Imaging and Communications in Medicine (DICOM) in 1993
[44]. In addition, wireless technologies, including smartphones and tablets were 
adopted by the radiologist for instant transmission or exchange of radiological images. 
We are moving into virtual machines, operated by one server as a host optimizing the 
processing power of that single device instead of multi-single servers. Artificial 
intelligence (AI) is capable of learning without explicit instruction and has emerging 
radiology applications[45]. Radiology informatics system and picture archiving and 
communication system (PACS), included several advanced technologies taught to 
radiologists. Many simple and advanced software options are now widely available on 
our desktops and portable devices. An example of such widely used technology is 
computer-assisted diagnosis[46]. Other emerging tools include online search tools and 
point of service tools, integrated into the radiology reporting process. A 
dictation/transcription vendor has incorporated a semi-automatic search wizard. 
Another highly advanced tool currently in development involves “watching” the 
radiology dictation in real-time and employing natural language processing to identify 
key trigger words, search the internet resources in the background, and display 
relevant information on another window. Healthcare data exchange of radiology 
images using “cloud services” is fundamental to maintaining the integrity of the 
patient's longitudinal medical record and for communication amongst conditions on 
the managing team[47]. Similar advancements including digital and model-based 
simulations allow the undergraduate and postgraduate students to have a greater 
practical experience with simple and advanced IR techniques. Across the board, these 
technological advancements which assist in better radiology workflow, also ultimately 
contribute to a more streamlined radiology teaching process, as these advanced 
softwares are usually integrated into didactic and hands-on sessions.

E-learning in radiology teaching and training 
Research revealed that the continuous development of computer-related information 
technology, multimedia, online publishing, and increased Internet availability offer 
cherished opportunities for medical instruction strategy and continuing medical 
education, explicitly for radiology[48]. Additionally, the disposition of digital imaging 
networks, the PACS, teleradiology, and Internet services stalwartly advocates that e-
learning will contribute an essential basis of education in radiology, principally among 
young medical graduates and students, as they are more contented in utilizing the 
Internet and computers[48]. Furthermore, medical students recognize the need to 
embrace computer-supported collaborative learning educational programs to embark 
on radiology training in order to be qualified and competent medical doctors[1]. It has 
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been reported that the choice of the teaching-learning approach has a superior impact 
on learning consequences, which is an important learning point for competent medical 
educators[49]. There are quite a few areas in teaching-learning sessions of radiology in 
theoretical and practical clinical teaching sessions where mobile electronic devices 
(MEDs) could pose an advantage for both pupils and teachers. In particular, these 
gadgets increase the possibility of improving efficiency in data acquisition and clinical 
interpretation and are therefore highly prized as an information delivery instrument
[50,51]. Another study reported that implementation of an e-learning strategy 
regarding RP education is achievable and practicable, which resulted in a better-
quality acquaintance among medical students regarding RP[52]. This study concluded 
that coalescing e-learning with traditional instructional strategy resulted in a definite 
improvement in acquiring radiology competence. Additionally, utilizing MEDs is a 
cost-effective educational instrument that has augmented practicing competencies, 
improved access to study resources, facilitate increased interactivity in educational 
meetings, and promotes interactions with the use of audience response software. As 
such, a preconfigured tablet effusively holds the technology transference into movable 
computing and characterizes a new effective approach in radiology education[53].

E-learning is a growing phenomenon in education that supports students learning 
in flexible environments, self-paced or instructor-led learning and that can include 
media in the form of text, images, animation, video, and audio[54,55]. E-learning can 
help address some of the challenges in healthcare education by allowing on-demand 
access, control of standardized content, quality assurance, and learning analytics. E-
learning and blended learning have been particularly exploited in radiology because 
the field is rich in digital images and is thus suited for online access and viewing. 
Various e-learning methods used are Web-based software/platforms[56], interactive 
modules with multiple-choice questions (MCQs), self-assessment tests/quizzes/ 
matching questions[57], interactive animations with videos[58], and online word 
documents/notes[59]. E-mails can also be used containing MCQ questions, and an 
additional follow-up email including the correct answers can also be an effective 
strategy[60]. Radiology teaching is being revolutionized by emerging tools such as 
Audience Response Systems, Web-based video tools, and interactive educational 
games. These tools are uniquely suited to radiology given the intense imaging nature 
of radiology education[2]. Virtual training methods have been well perceived by the 
student as there is better engagement, increased attendance and increased imaging 
confidence in trainees, and a significantly higher overall number of students 
performing radiology rotations[61]. E-learning can be considered more than suitable 
for “knowledge” including procedural performance knowledge but has limited 
utilization in actual patient care.

RADIOLOGY EDUCATION, TRAINING AND PRACTICE: IMPACT OF 
COVID-19 PANDEMIC
Radiology education, training and service underwent a significant transformation 
during the COVID-19 pandemic, primarily as a result of a temporarily reduced 
radiology workload and social distancing guidelines (Table 1)[62-74]. The alterations 
in case volume and teaching schedule resulted in significant changes to undergraduate 
and postgraduate trainee education[66]. Many teaching and research activities were 
limited, with some training programs even being suspended. Many certification 
examinations were canceled, with consequent effects on the mental health of both 
students and teachers alike. There was a complete transformation of the previously 
primarily didactic experience to embracing internet-based educational activities 
involving online content and virtual interactions, thus providing a blended learning 
environment[19]. These strategies, however, were not easily incorporated, as there 
were many challenges in their implementation. Innovative solutions were required, 
considering the psychological impact on the trainee and teacher. Institutions involved 
in radiology education require considerable investment and retooling to incorporate 
appropriate digital technologies to simulate a clinical type learning environment[75]. 
To survive and meet these challenges, we must continue to embrace varying strategies 
to maintain undergraduate and postgraduate radiology education in a safe 
environment, particularly with COVID-19 surging around us.

Radiology education: Impact of the COVID-19 pandemic
Radiology departments worldwide instituted policies and procedures designed to 
continue efficient operation, facilitating COVID-19 patients, all the while attending to 
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Table 1 Impact of COVID-19 on radiology education, training, and service

Ref. Country Institute Study population, n 
(%)

Time of the 
study Survey tools Findings

The sudden transition to completely 
distance learning was well received

Synchronous learning was the 
preferred mode of delivery

Student attendance in the 
synchronous sessions was high

Synchronous interaction was found to 
be as effective as on-campus face-to-
face learning

Alamer and 
Alharbi[62], 
2021

Saudi 
Arabia

Department of 
Radiology, College of 
Medicine, Qassim 
University

Medical student (n = 
145)

2019-2020 
Academic 
session

On-line 
questionnaire

The use of recorded sessions proved 
to be a source for knowledge gain and 
a solution for technical difficulties

Virtual radiology clerkship was a 
successful educational experience

Final exam scores were similar to the 
in-person clerkship

Students expressed their satisfaction 
with small group homerooms 
learning activities

Durfee et al
[63], 2020

United 
States

Department of 
Radiology, Brigham 
and Women’s 
Hospital, Harvard 
Medical School

Medical student (n = 
111)

April 2020 Online final 
exam. On-line 
questionnaire

Lack of personal connections between 
faculty and students

McRoy et al
[64], 2020

United 
States

Department of 
Diagnostic Radiology 
and Nuclear Medicine, 
University of 
Maryland School of 
Medicine

Radiology residents (n = 
16)

March 15-May 
15, 2020

Novel cloud-
based Distance 
Learning 
Workstation

The model improved residents’ 
confidence and knowledge to take the 
independent call. 

Overall radiology workload had 
decreased in response to COVID-19

Decreased subspecialty experience

Complete lack of subspecialty training

Veerasuri et 
al[65], 2020

United 
Kingdom

A regional United 
Kingdom radiology 
school

All specialty trainees May 5-May 19, 
2020

On-line 
questionnaire

Decrease well-being compared to 
before the pandemic

COVID-19 pandemic has had a 
significant impact on radiology 
residency programs

Experienced an overall higher 
disruption in daytime schedules and 
case volumes

Teaching rounds were moderately 
affected

Virtual interviews for fellowship have 
been proposed

Internal and external assessments 
were heavily affected

Odedra et al
[66], 2020

Canada Canadian Association 
of Radiologists

Resident members of the 
Canadian Association of 
Radiologists (n = 96)

May 1-May 15, 
2020

On-line 
questionnaire

Impact on the psychological well-
being of the trainees

Rainford et 
al[67], 2021

12 
countries

Selected Radiography 
training institutions (n 
= 14)

Student radiographer, 
including final year 
students (n = 592)

Mid-June-Mid-
July 2020

On-line 
questionnaire

Highlighted challenges related to 
clinical placements e.g., 
accommodation, travel, childcare. 
finance

Changes in work hours and workload 
were experienced due to COVID-19

PPE was in short supply

Increased personal stress and anxiety 

Shanahan 
and 
Akudjedu
[68], 2021

Australia Members of the 
Australian Society of 
Medical Imaging and 
Radiation Therapy 

Radiographers and 
radiation therapists (n = 
218)

June 24-July 
15, 2020 

On-line 
questionnaire
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at work

In addition, their work caused 
increased stress to their family, 
partners, or friends

59% of residents reported increased 
stress

Hoegger et 
al[69], 2021

North 
America

86 institutions Radiology chief residents 
(n = 140)

March 20-May 
15, 2020

On-line 
questionnaire

93% of programs had fewer residents 
on service

Educational 
mission–moderate/marked negative 
impact (70.1%)

Resident morale–moderate/marked 
negative impact (44.8%)

Adequate resident access to mental 
health resources during the acute 
phase of the pandemic (88.8%)

Robbins et al
[70], 2020

United 
States

Members of 
Association of 
Program Directors in 
Radiology 

Program directors, 
Associate program 
directors, department 
chairs, Education vice-
chair, and Faculty (n = 
108)

April 16–May 
14, 2020

On-line 
questionnaire

The morale of program directors–mild 
or marked decreased (61%)

Almost 50% of the radiographers 
were exposed to COVID-19-positive 
patients without appropriate PPE

Anxiety levels reduced substantially 6 
weeks into the crisis period

40% of the radiographers reported 
burnout symptoms

Foley et al
[71], 2020

Ireland All six Irish healthcare 
regions

Radiographers (n = 370 
first survey, and 266 
second survey)

March 2020 
(first survey). 
Late May 2020 
(second 
survey)

On-line 
questionnaire

30% reported considering changing 
jobs or retiring since the pandemic

Alhasan et al
[72], 2021

Saudi 
Arabia

National survey Radiology residents (n = 
109)

Academic year 
2019-2020

On-line 
questionnaire

Most residents reported a negative 
impact of the pandemic on their 
educational and clinical activities, and 
personal well-being

Coppola et 
al[73], 2021

Italy National survey Members of the Italian 
Society of Medical and 
Interventional Radiology 
(n = 2150)

2020 On-line 
questionnaire

Working and personal life of the 
respondents was impacted by the 
pandemic

Pandemic had a profound impact on 
IR services, particularly for elective 
cases

Patel et al
[74], 2021

Canada National survey Interventional 
radiologists (n = 142)

May 5-28, 2020 On-line 
questionnaire

Considerable percentage of trainees 
would have a delay in starting their 
careers

PPE: Personal protective equipment.

all other emergent/non-emergent patients[76]. Additionally, to protect both patients 
and healthcare workers from COVID-19 exposure, many healthcare departments 
temporarily postponed all non-emergency imaging examinations and interventions
[77]. To minimize person-to-person virus transmission among radiology staff, many 
social distancing strategies were implemented, reporting stations were spaced apart, 
shift systems were developed, and radiology staff were staggered and were advised to 
work remotely by using online platforms[78]. Traditional in-person meetings were 
canceled, and the normal face-to-face training and interactions were minimized or 
eliminated. This led to a tremendous impact on undergraduate and postgraduate 
exposure to radiology training, as there was less interaction with colleagues and 
seniors in the radiology department, a vital component of training[79]. The number of 
hours of exposure to practical radiology was significantly decreased, and some 
radiology residents were even temporarily redeployed to other clinical disciplines. 
Similarly, many medical schools even suspended all clinical rotations of medical 
students, even to the radiology department. Didactic sessions for medical students 
became virtual and clinical teaching had been suspended or limited. Traditional case-
based learning had been hampered and medical students can no longer shadow 
radiologists and radiology residents as they once did[19].
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The COVID-19 pandemic even led to many extraordinary challenges in continuing 
to offer Radiology Residency and Fellowship programs, some being temporarily 
suspended[77]. One United States study regarding the educational impact of COVID-
19 revealed that 70.1% and 2.8% reported moderate/marked negative impact and 
cessation of educational activities, respectively[70]. In Canada, COVID-19 has 
intensely altered the radiology resident training program. Virtual learning replaced 
face-to-face teaching-learning sessions. Consequently, it resulted in canceling rotations 
and clerkships, which resulted in case volumes affecting practical learning and staff-
resident interaction[80]. Another Canadian study identified that the COVID-19 
pandemic heavily affected four teaching-learning domains of radiology. Those were 
daylight hours’ case volumes, daytime timetables, internal and external evaluations, 
and vacation/travel[66]. One more study reported that there has been a total halt in 
mammography after the inception of the COVID-19 pandemic and thereby affecting 
the radiology training program regarding breast cancer assessment. This study also 
demonstrated that mental stress and burnout have significantly increased among 
radiologists[81]. Overall breast cancer mammographic screening reduced nationally by 
22.2% in Taiwan, more so in hospitals (37.2%) than in community settings (12.9%)[82]. 
Another United States study reported that the total mean weekly volume of imaging 
cases in 2020 post-COVID-19 was statistically significantly reduced compared with 
2019[83]. The highest reduction was observed at week-16 of 2020 for all types of 
procedures, such as mammography (94%), nuclear medicine (85%), MRI (74%), 
ultrasound (64%), interventional (56%), CT (46%), and X-ray (22%). Additionally, 
“economic recessions generally tend to result in decreased health care expenditures, 
radiology groups have never experienced an economic shock that is simultaneously 
exacerbated by the need to restrict the availability of imaging” that occurred during 
this COVID-19 pandemic[84].

Following the World Health Organization directives for the COVID-19 pandemic, 
the workflow of the radiology department was restructured with minimal physical 
presence at work, preventing in-person case reviews and teaching sessions, in order to 
maintain physical distancing and safety precautions[79]. All non-urgent diagnostic 
and IR procedures were shifted to outpatient settings, elective surgeries were 
rescheduled, and only cancer-related appointments and therapies were categorized as 
urgent or semi-urgent and were followed. Traditional trainee-faculty member 
workstation teaching was sidestepped putting the year 1 and 2 residents at a 
disadvantage, although teleconferencing and remote readout screen sharing sessions 
were put in place as an alternate replacement, feelings of low motivation, 
abandonment and demoralization were more likely[85]. Important didactic teaching 
conferences offering lectures, case reviews, and discussions were either canceled or 
replaced by recorded conferences[86]. The majority of the radiology society meetings 
and interviews for fellowships and jobs were canceled which reduced networking and 
collaborative opportunities for trainees. Research activities were interrupted due to 
laboratory closures and mandates served by the institutional review boards[79]. Delay 
and rescheduling of the Diagnostic Radiology Core Exam by the American Board of 
Radiology has delayed graduation and certification, thereby impacting the 
commencement of radiology residencies and fellowships[87]. A significant decrease in 
the overall caseload in diagnostic imaging and IR procedures may impede the ability 
of residents to fulfill the graduation requirements. Consequently, this poses challenges 
for postgraduates in the Early Specialization in IR programme and increases the 
predicament of senior residents in meeting training requirements of the 
Mammography Quality Standards Act or Nuclear Regulatory Commission[88]. Many 
radiation oncology centers observed a decline in patients undergoing treatment due to 
patients’ fear of getting infected with COVID-19 while traveling for radiotherapy. 
There is anticipated concern regarding these patients presenting with more advanced 
stages of disease in the future[89].

Innovative approaches to education and training
The reality of the COVID-19 pandemic requires the traditional undergraduate 
radiology curriculum to almost complete transition to online materials and interactive 
virtual teaching sessions, providing an effective blended learning environment, with a 
combination of didactic lectures, virtual case-based learning, and exposure to virtual 
clinical discussions[19].

Practical and innovative solutions are needed to compensate for the reduced variety 
and volume of patients presenting for routine radiological imaging during the 
pandemic. The development of a local repository of navigable interesting cases for 
radiology residents to access may compensate for the suboptimal clinical workload. 
Appropriate cases can be anonymized and collated for cloud-based teaching activities, 



Majumder MAA et al. Impact of COVID-19 pandemic on radiology education

WJR https://www.wjgnet.com 363 November 28, 2021 Volume 13 Issue 11

including viva practice or long case reporting[90]. To facilitate this, specially purposed 
integrative software (e.g. “Pacsbin”-Orion Medical Technologies) can allow for 
seamless transfer of hospital cases into the bank of interesting cases, which can then be 
reviewed by residents at their leisure or as part of sessional teaching activities[64]. 
Additionally, case collections may also be reviewed as part of group activity by 
maximizing video conferencing tools such as “Zoom” (Zoom Video Communications), 
since social distancing protocols prohibit such face-to-face interactions in the 
Radiology Department. This has been shown to suitably replicate teaching and 
learning activities at the Radiology reporting station[64].

Virtual learning environments using digital solutions and innovative approaches 
have proven to be helpful in radiology teaching during the COVID-19 pandemic. They 
impart knowledge and skills to medical students and trainees in reviewing 
radiological anatomy via online intelligent tutorial systems that provide a person-
alized, active, and interactive e-learning experience[32]. Learning anatomy from 
radiology studies has a myriad of pedagogical advances, as it displays “living 
anatomy”. Apart from depicting normal anatomy and pathology, radiology images 
when transferred and incorporated in virtual/augmented reality and 3-D printing 
potentiates anatomy teaching by making it a most authentic learning experience[19]. 
Customized applications/modules/tools provide many benefits of self-directed 
learning and are widely used e.g. student response systems, learning management 
systems (LMS) and customized LMS, RP modules (improved radiation protection 
knowledge), radiological ordering module (improved quality of radiological 
examination orders), CaseTrain software (significantly increased knowledge level); 
case-based e-learning tool VetsDataWeb (increased identification and accurate 
diagnosis of key radiological structures)[2]. Simulated mannequins with PACS 
simulator and Sectional-AnatomyTM software were used as effective online alternatives 
to face-to-face teaching[91]. Practicing physicians concordantly declared radiology 
teaching as a priority for medical students[92]. Virtual dissection tools used on near-
life-size touchscreens, using “cut and dissect” commands on volumetric CT data help 
understanding and clinically correlate anatomical visuospatial relationships. 3D 
cinematic rendered images in absence of virtual dissection software have also been 
successfully used[93]. Videoconferencing platforms are also useful in the 
demonstration of radiological anatomy, Srinivasan et al[94] 2020. used “Zoom” which 
includes a screen annotation tool to teach anatomy to Singaporean medical students 
during COVID-19 and 89% of students were satisfied with this mode of content 
delivery[94]. De Ponti et al[95] surveyed online training sessions using Body 
InteractTM, with 21 patient-based simulated clinical case scenarios for undergraduate 
medical students, while O’Connor et al[96] used a 3D virtual simulation tool in 
combination with radiology images of a virtual patient in the VR suite using HTC vive 
ProTM headsets and hand controllers. These studies reported that simulated clinical 
scenarios can be incorporated in curricula as useful learning resources, as they avoided 
training interruption and met student expectations, with only a minority experiencing 
online access challenges to the virtual platform[95,96].

Radiological examination protocolling, clinical interaction (with radiographers, 
radiologists, clinicians, and trainees) and MDTs can be made more effective using 
existing technologies and online platforms for trainees in remote locations. 
Recorded/live cases, online lectures providing live and on-demand screening, virtual 
journal clubs, digital repositories for educational cases, simulation-based training as 
assessments with wider adoption on online tools can also be utilized[79]. Appropriate 
cases can be anonymized and collated for cloud-based teaching activities, “simulated” 
or phone-based daily readout (SDR) can be used for viva practice or long case 
reporting[90,97]. “Pacsbin” can be used by residents at all levels of training, and it is 
also useful for peer-to-peer resident learning or as part of sessional teaching activities
[64]. Additionally, suitably replicable teaching and learning activities such as 
reviewing case collections at the radiology reporting station as part of group activity 
can be maximized by video conferencing tools[64] Institutional libraries via WebEx 
supports a series of organized specialist presentations providing information about 
useful technology tools, applications and resources and services available for faculty, 
staff and students to facilitate more efficient working from home. Additionally, 
support is provided through Library portals, Interlibrary Loan Internet-accessible 
database requests and publication services[77].

Special strategies and tools should be utilized to maximize meaningful participation 
in a flipped learning environment, develop critical thinking and complex reasoning 
skills, effective time management and communication strategies, as well as the 
incorporation of more interactive tools such as audience response systems and other 
advanced practical based software (Alvin, 2020)[79]. Practical and innovative solutions 
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are needed to compensate for the reduced variety and volume of patients presenting 
for routine radiological imaging during the pandemic.

Technological and academic challenges
The upheaval of the COVID-19 pandemic, following economic turmoil and its far-
flung social unrest caused tumultuous shifts in the way radiologists work and teach, 
even affecting their work life harmony. It should be noted that remote sessions for 
Radiology teaching may lead to difficulties for some participants, especially when 
there are hardware and software issues, poor internet connectivity, and suboptimal 
interactions/content[90]. The set-up cost for these remote viewing systems can also be 
prohibitive. Additionally, there may be logistical and legal hurdles in the sharing of 
sensitive patient data via online teaching platforms. Private practices, hospitals and 
educational institutions facing significant monetary constraints may resort to possible 
salary cuts, redeployment, furloughs, shift to part-time employment and remote 
works. Academic institutions face new challenges of modified resident schedules, 
transformation to virtual platforms for evaluating imaging studies, and teaching and 
assessing trainees due to remote readouts[89]. Newly appointed junior trainees may be 
more significantly affected by technical challenges of remote image interpretation and 
readouts, busier rotations, limited in-person communication, unfamiliarity with team, 
exams and workflow, and the advent of the second wave in most countries may 
further worsen all factors to two fold.

With reduced numbers of diagnostic imaging and interventions, radiology residents 
may face the dilemma of meeting the training requirements, such as those mandated 
by the Mammography Quality Standards Act or the Nuclear Regulatory Commission
[98]. Significant reductions in hands-on training sessions for fellows in IR could have a 
negative impact. Although live virtual conferences and recorded lectures have 
replaced face-to-face senior supervision, feedback and pedagogy, unfortunately, 
gauging the effectiveness of studying diagnostic and IR by virtual mode still remains 
vague, especially without any substantial supporting evidence on validity of remote 
and simulated learning[2,99].

Review of the COVID-19 impact on academic output in medicine has recognized a 
gender gap in women’s first authorships which reduced to 23%, last authorships to 
16% and there was a 16% drop in the general representation of women per author 
group in COVID-19 publications compared to publications in same journals last year
[100]. This is a clear indication that women’s productivity has been exceedingly 
affected than of men. This gender disparity is a possible result of increased demands at 
home and family responsibilities, which may limit academic and research output. In 
the future, the anticipated increase in workload due to rescheduling, backlog lists and 
procedures after COVID-19 may further widen the gender gap[100]. Studies reviewing 
the impact of COVID-19 show women work 20 more hours/week than men. With the 
major responsibility of childcare and domestic work, cancellations of child-care 
facilities and schools may affect women in radiology and radiation oncology more 
than men[101].

The reality of social distancing and working remotely have been recognized as 
potential stressors that have the potential to cause a negative psychological impact on 
the trainee, as they struggle to cope with an altered work and teaching environment 
and postponement of assessments/examinations while dealing with the realities of the 
pandemic[102]. Dedicated online psychological support for both the trainee and 
trainer is needed, in order to cope with these challenges to radiology education, so that 
solutions can be found to shared concerns[103]. Human relations and interactions 
must be maintained so that the feeling of remoteness does not become overwhelming.

Future directions
Technological advances in the field of radiology training must rise to the challenge and 
be able to foster the remote or “off-site” radiology interpretive skills of the radiology 
residents, while promoting self-motivated study[104]. Radiology Educators should 
also continue to increasingly integrate the use of recorded cases, enhance online 
lectures, digital repositories of educational cases, virtual journal clubs, and also 
acquire simulator-based training equipment. Teaching institutions should invest in 
appropriate technology and incorporate the utilization of the dynamic capabilities of 
an actual Radiology viewing platform, which facilitates a better learning experience 
for the Radiology Resident, mimicking a real-life scenario[75]. This is preferred to 
viewing static cases in film libraries, textbooks, and online databases, and will be a 
suitable substitute for the workstation learning experience. During the challenging 
time of the COVID-19 pandemic, it is paramount to utilize these strategies to maintain 
undergraduate and postgraduate radiology education in a safe but effective 
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environment.
Educational institutions should adopt e-learning, acquire new tools for teaching and 

digital transformation. Flipped classroom is a preferred model in medical education 
with small group interactions and instant feedback during in-class sessions. 
Integration of problem-solving scenarios and team-based learning in undergraduate 
curricula with appropriate use of imaging studies: simulating diagnostic reasoning, in 
a community-based design can improve imaging decisions and provide high-value 
care. Simulator-training models using Virtual Reality can be applied to ultrasono-
graphy and IR for trainees and working teams to enhance knowledge, experience, and 
learning skills by deliberate practice without compromising patient safety. Proper 
documentation of dynamic modifications in the radiology department’s daily practices 
and learning experiences is crucial for handling current circumstances and in 
preparation for the second wave.

CONCLUSION
The COVID-19 pandemic has had a tremendous impact on undergraduate and 
postgraduate radiology education. Implementation of social distancing strategies 
resulted in infrastructural and human resource changes to the radiology department, 
resulting in a decreased physical presence/interaction and consequent limitation in 
face-to-face consultations and teaching exposure. Even before the COVID-19 
pandemic, radiology educators often encountered many difficulties in delivering the 
radiology curriculum to undergraduate and postgraduate trainees, including limited 
teaching times, radiology education budgetary constraints and limited support in 
assessing/developing professional quality teaching.

During the pandemic, there was an almost complete transition of radiology 
education to a blended online platform, with the incorporation of didactic lectures, 
online interactive sessions and online participation in MDTs and other radiology 
department-related activities. There were many hiccups in the implementation of 
online teaching activities, such as challenges with respect to the procurement of 
hardware/software and a reliable Internet connection. Finding suitable innovative and 
interactive radiology teaching content proved to be another major challenge. 
Encouraging meaningful participation and interaction, while simulating the clinical 
environment was also particularly difficult, but not insurmountable. Technological 
advances in radiology education and training must continue to rise to address the 
challenges and meet the educational requirements needed to aid in the development of 
the undergraduate and postgraduate radiology trainees. This is particularly important 
in the face of the trials COVID-19 has provided.
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Abstract
BACKGROUND 
Endovascular therapy is playing an increasing role in the treatment of iliofemoral 
venous disease. Iliac stent patency is multifactorial, and current management is 
based on best clinical practices, varying by institution.

AIM 
To evaluate how thrombophilia influences management and outcomes of patients 
who undergo venous stenting for thrombotic iliac vein compression syndromes.

METHODS 
A retrospective observational analysis was performed on 65 patients with 
thrombotic iliac vein compression syndrome that underwent common iliac vein 
(CIV) stenting between December 2013 and December 2019 at a large academic 
center. Search criteria included CIV stenting and iliac vein compression. Non-
thrombotic lesions and iliocaval thrombosis and/or occlusions were excluded. A 
total of 65 patients were selected for final analysis. Demographic information, 
procedural data points, and post-procedural management and outcomes were 
collected. Statistical analyses included Fisher's exact and Chi-square tests to 
compare discrete variables and the Wilcoxon rank-sum test to compare 
continuous variables between thrombophilia positive and negative patients.
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RESULTS 
65 patients underwent successful balloon angioplasty and CIV stenting. Of these 
patients, 33 (50.8%) underwent thrombophilia testing, with 16 (48.5%) testing 
positive. Stent patency on ultrasound did not significantly differ between 
thrombophilia positive and negative patients at 1 mo (92.3% vs 81.3%, P = 0.6), 6 
mo (83.3% vs 80%, P > 0.9), or 12 mo (77.8% vs 76.9%, P = 0.8).  Immediately after 
stent placement, thrombophilia patients were more likely to be placed on dual 
therapy (aspirin and anticoagulation) or triple therapy (aspirin, clopidogrel, and 
anticoagulation) (50% vs 41.2%, P > 0.9), and remain on dual therapy at 6 mo (25% 
vs 12.5%, P = 0.5) and 12 mo (25% vs 6.7%, P = 0.6).  There was no significant 
difference in re-intervention rates (25% vs 35.3%, P = 0.7) or number of re-
interventions (average 2.3 vs 1.3 per patient, P = 0.4) between thrombophilia 
positive and negative patients.

CONCLUSION 
Half of patients with stented thrombotic iliac vein compression syndrome and 
thrombophilia testing were positive. The presence of thrombophilia did not 
significantly impact stent patency or re-intervention rates.

Key Words: Thrombophilia; Iliac vein compression syndrome; Iliac vein stent; May 
Thurner; Anticoagulation; Endovascular

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Endovascular therapy is playing an increasing role in the treatment of 
iliofemoral venous disease. Iliac stent patency is multifactorial, and current 
management is based on best clinical practices. Despite an underlying anatomic venous 
abnormality, half of our patient cohort with stented thrombotic iliac vein compression 
syndrome tested positive for thrombophilia. The presence of thrombophilia did not 
demonstrate a statistically significant difference in stent patency rates or re-
intervention rates.

Citation: Cramer P, Mensah C, DeSancho M, Malhotra A, Winokur R, Kesselman A. 
Prevalence of hypercoagulable states in stented thrombotic iliac vein compression syndrome 
with comparison of re-intervention and anticoagulation regimens. World J Radiol 2021; 13(12): 
371-379
URL: https://www.wjgnet.com/1949-8470/full/v13/i12/371.htm
DOI: https://dx.doi.org/10.4329/wjr.v13.i12.371

INTRODUCTION
Iliofemoral vein thrombosis accounts for approximately 25% of all deep vein 
thrombosis and is associated with an increased risk of embolic and post-thrombotic 
complications[1]. Anticoagulation is the standard of care for the treatment of 
symptomatic acute deep vein thrombosis. However, despite appropriate anticoagulant 
therapy, the post-thrombotic syndrome (PTS) remains a frequent complication seen in 
30% to 50% of patients diagnosed with iliofemoral deep vein thrombosis. The clinical 
manifestations of PTS include pain, swelling, heaviness, fatigue, itching, or cramping 
of the affected leg[1-3]. To reduce the burden of post-thrombotic symptoms, 
endovascular approaches with thrombolysis, thrombectomy, balloon angioplasty and 
stenting are being increasingly utilized in centers with expertise in these procedures[4-
7]. The current C-TRACT trial is further investigating the role of endovascular 
intervention for chronic iliac vein obstruction. Guidelines for therapeutic anticoagu-
lation after iliocaval stent placement remain variable by institution, however long-term 
anticoagulation is often recommended in patients with underlying thrombophilia[8].

Thrombophilia is an inherited or acquired condition that predisposes a person to 
develop a thrombotic event. Thrombophilia screening should only be done if the 
discovery of the thrombophilia will require extending the duration of the anticoagu-
lation treatment. Conversely, if a thrombotic event occurred in the presence of a major 
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transient risk factor, thrombophilia screening should not be performed. Whether or 
not the presence of an underlying thrombophilia increases the risk of recurrent 
thrombosis, particularly in-stent thrombosis in patients that have undergone venous 
interventional procedures, remains unknown[9]. Therefore, we sought out to identify 
the prevalence of thrombophilias in patients with thrombotic iliac vein compression 
syndrome who underwent venous stenting. We also compared if the presence of 
thrombophilia influenced post-procedure antithrombotic regimens, stent patency and 
re-intervention rates.

MATERIALS AND METHODS
The institutional review board approved this study with waiver of informed consent. 
We performed a retrospective review of electronic medical records at a large academic 
medical center from December 2013 to December 2019. Search criteria included 
common iliac vein (CIV) stenting and iliac vein compression. Non-thrombotic lesions 
and iliocaval thrombosis and/or occlusions were excluded. A total of 65 patients were 
selected for final analysis.

Medical records were reviewed for demographic information, procedural data 
points, and post-procedural management and outcomes. Procedural data points 
included pre-intervention venous patency, stent location, stent type and diameter, and 
any additional endovascular procedures performed at that time. Post-procedural 
outcomes included subjective clinical symptom improvement, medication regimen 
and duration, stent patency on imaging, and re-intervention requirement. Types of 
antithrombotic therapy included antiplatelet, anticoagulation, single antiplatelet and 
anticoagulation (dual therapy), or dual antiplatelet agents and anticoagulation (triple 
therapy). Hematology consultations with or without thrombophilia evaluations were 
also reviewed. Statistical analyses included Fisher's exact and Chi-square tests to 
compare discrete variables and the Wilcoxon rank-sum test to compare continuous 
variables between thrombophilia positive and negative patients.

RESULTS
Baseline demographics are summarized in Table 1. Our patient population included 38 
(58.5%) males and 27 (41.5%) females. Clinical symptoms included lower extremity 
swelling (n = 57, 87.7%), pain (n = 44, 67.7%), venous stasis ulceration (n = 7, 10.8%), 
varicose veins (n = 3, 4.6%), and pelvic pain (n = 2, 3.1%). Venous thromboembolism 
histories were reviewed for high risk features suspicious for thrombophilia; 24 (36.9%) 
experienced their first venous thrombosis (VTE) at a young age (less than 40 years 
old), 12 (18.5%) had a strong family history of thrombosis, and 16 (24.6%) were 
unprovoked.

A total of 33 (50.8%) underwent thrombophilia testing, with 16 (48.5%) testing 
positive. There were ten patients with Factor V Leiden heterozygous mutations 
(G1691A), four with antiphospholipid antibodies (three lupus anticoagulant, one 
anticardiolipin antibody), one prothrombin gene mutation G20210A, one antithrombin 
deficiency, and one protein S deficiency. Only one patient had two concomitant 
thrombophilias, comprising Factor V Leiden and lupus anticoagulant.

Procedure Details
Procedure details are summarized in Table 2. All 65 subjects included in this study 
underwent venography, balloon angioplasty, and CIV stenting. The majority of 
interventions were left-sided (n = 50, 76.9%) with stenting extending into the external 
iliac vein (n = 54, 83.1%) and common femoral vein (n = 45, 69.2%).

Procedure Outcomes
Technical success, defined by CIV stent placement and clearance of thrombus burden, 
was achieved in 65 (100%) patients. Clinical success, defined by patient reported 
symptom improvement, was achieved in 14 (87.5%) thrombophilia positive, 12 (70.6%) 
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Table 1 Baseline demographics

Variable Summary (n = 65)

Median age in years (interquartile range) 54 (41-63)

Median BMI in kg/m2 (interquartile range) 28 (25.1-32.7)

Gender

Male 38 (58.5%)

Female 27 (41.5%)

Clinical symptoms

Lower extremity swelling 57 (87.7%)

Lower extremity pain 44 (67.7%)

Venous stasis ulceration 7 (10.8%)

Varicose veins 3 (4.6%)

Pelvic pain 2 (3.1%)

Symptomatic side

Left 49 (75.4%)

Right 14 (21.5%)

Bilateral 2 (3.1%)

Thrombophilia risk factor

Young age (< 40 yr) 24 (35.9%)

Family history 12 (18.5%)

Unprovoked 16 (24.6%)

VTE provoking factor

Prolonged immobilization 15 (23.1%)

Malignancy 13 (20.0%)

Recent surgery 5 (7.7%)

Trauma 5 (7.7%)

Pregnancy 7 (14.6%)

Hormonal supplement 4 (6.2%)

None 16 (24.6%)

BMI: Body mass index; VTE: Venous thrombosis.

thrombophilia negative, and 21 (65.6%) untested. Median follow-up duration was 14 
mo.

Antithrombotic regimens were reviewed at post-procedure day 1 (n = 65), 6 mo (n = 
61), and 12 mo (n = 57). The day after stent placement, 2 (3.1%) patients were on single 
antiplatelet, 34 (52.3%) patients were on anticoagulation, 17 (26.2%) patients were on 
dual therapy, 11 (16.9%) patients were on triple therapy, and 1 (1.5%) patient was off 
antithrombotic medication. At 6 mo, 3 (4.9%) patients were on single antiplatelet, 34 
(55.7%) patients were on anticoagulation, 17 (27.9%) patients were on dual therapy, 0 
(0%) patients were on triple therapy, and 7 (11.5%) patients were off antithrombotic 
medication. At 12 mo, 11 (19.3%) patients were on single antiplatelet, 26 (45.6%) were 
on anticoagulation, 9 (15.8%) patients were on dual therapy, 0 (0%) patients were on 
triple therapy, and 11 (19.3%) patients were off antithrombotic medication.

Post-stenting antithrombotic regimens are broken down by thrombophilia testing in 
Figures 1 and 2.  Immediately after stent placement, thrombophilia patients were more 
likely to be placed on dual or triple therapy (50% vs 41.2%, P > 0.9) and remain on dual 
therapy at 6 mo (25% vs 12.5%, P = 0.5) and 12 mo (25% vs 6.7%, P = 0.6) compared to 
thrombophilia negative patients. Stent patency on ultrasound did not significantly 
differ between thrombophilia positive and negative patients at 1 mo (92.3% vs 81.3%, P 
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Table 2 Procedure details

Variable Summary (n = 65) 

Pre-procedure CIV patency

Stenosis 47 (72.3%)

Occlusion 16 (24.6%)

In-stent thrombosis 2 (3.1%)

Stent location

Left CIV 50 (76.9%)

Right CIV 11 (16.9%)

Bilateral CIV 4 (6.2%)

Stent type

Wallstent 51 (78.5%)

Venovo 9 (13.8%)

Smart 2 (3.1%)

Vici 3 (4.6%)

CIV stent balloon dilation diameter (mm)

12 1 (1.5%)

14 14 (21.5%)

16 28 (43.1%)

18 19 (29.2%)

20 3 (4.6%)

Additional stented segments

External iliac vein 54 (83.1%)

Common femoral vein 45 (69.2%)

Simultaneous endovascular interventions

Thrombolysis 25 (38.5%)

Thrombectomy 17 (26.2%)

CIV filter retrieval 3 (4.6%)

CIV: Common iliac vein.

= 0.6), 6 mo (83.3% vs 80%, P > 0.9), or 12 mo (77.8% vs 76.9%, P = 0.8).
Stent thrombosis occurred in 2 (12.5%) thrombophilia positive and 4 (23.5%) 

thrombophilia negative patients. The median time to stent thrombosis was longer in 
thrombophilia patients (1.1 mo vs 0.5 mo). At the time of stent thrombosis, 3 (50%) 
patients were on anticoagulation, 1 (16.7%) patient was on dual therapy, and 2 (33.3%) 
patients were off antithrombotic medication. Following thrombosis, all patients were 
transitioned to anticoagulation alone (n = 3) or dual therapy (n = 3). Anticoagulation 
therapies included full-dose direct oral anticoagulants, half-dose direct oral antico-
agulants, and enoxaparin. There was no significant difference in re-intervention rates 
(25% vs 35.3%, P = 0.7) or number of re-interventions (average 2.3 vs 1.3 per patient, P 
= 0.4) between thrombophilia positive and negative patients, as seen in Table 3.

Bleeding complications from antithrombotic medications were seen in 14 (21.5%) 
patients, including ecchymoses, hematuria, rectal bleeding, epistaxis, and 
menorrhagia. None of these events required medication cessation or intervention. Of 
the patients that experienced bleeding complications, 7 (50.0%) were on anticoagu-
lation, 4 (28.6%) were on dual therapy, and 3 (21.4%) were on triple therapy.
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Table 3 Complications by thrombophilia testing

Thrombophilia work-up (n = 33) Positive (n = 16) Negative (n = 17)

Clinical success

Stent patency 14 (87.5%) 12 (70.6%)

1 mo 12 of 13 (92.3%) 13 of 16 (81.3%)

6 mo 10 of 12 (83.3%) 12 of 15 (80%)

12 mo 7 of 9 (77.8%) 10 of 13 (76.9%)

Stent thrombosis 2 (12.5%) 4 (23.5%)

Anticoagulated during stent thrombosis 1 of 2 (50%) 2 of 4 (50%)

Re-intervention rates 4 (25%) 6 (35.3%)

Number of re-interventions

1 50% 67%

2 0% 33%

3 25% 0%

4 25% 0%

Figure 1 Post-stenting antithrombotic regimens in thrombophilia positive patients at day 1 (n = 16), 6 mo (n = 16), and 12 mo (n = 16). 

DISCUSSION
Endovascular therapy is playing an increasing role in the treatment of iliofemoral 
venous disease. Iliac stent patency is multifactorial, and current management is based 
on best clinical practices, varying by institution[11].

Diagnostic thrombophilia testing is recommended in patients with idiopathic or 
recurrent VTE, first VTE at a young age (< 40 years), VTE in the setting of a strong 
family history or VTE in atypical locations. There is no single laboratory test available 
to identify all thrombophilias and results can be affected by a variety of clinical 
conditions and drugs. Based on this premise, thrombophilia testing should only be 
performed by a coagulation specialist who knows when to do the screening, provide 
accurate interpretation of the results and educate the patient[9]. Our cohort 
demonstrated that despite having an anatomic consideration for increased thrombosis 
risk, 48.5% of patients who undergo venous stenting for thrombotic iliac vein 
compression syndrome had an underlying thrombophilia when testing was 
performed. This result is higher than the 32% rate of positive thrombophilia identified 
in 4494 patients with symptomatic VTE in the RIETE registry[12] and similar to other 
studies ranging from 55% to 61%[13,14]. Therefore, the decision for thrombophilia 
testing should be discussed by a multidisciplinary team and considered only when it 
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Figure 2 Post-stenting antithrombotic regimens in thrombophilia negative patients at day 1 (n = 17), 6 mo (n = 16), and 12 mo (n = 15). 

will impact post-procedural medical management.
The extent of influence of inherited thrombophilia on the risk of VTE recurrence 

remains controversial[10]. In our cohort, stent patency and re-intervention rates were 
not significantly different between thrombophilia positive and negative patients. In all 
patients with thrombotic iliac vein compression syndrome, antithrombotic compliance 
and close imaging follow-up are necessary to optimize stent patency and prevent or 
delay re-intervention. The median time to stent thrombosis was less than one month, 
emphasizing the importance of the immediate post-procedural period. Immediately 
after stent placement, thrombophilia patients were more likely to be placed on dual or 
triple therapy and remain on dual therapy at 6 mo and 12 mo, although this finding 
was not statistically significant given the smaller sample size. Following thrombosis, 
all patients were transitioned to long-term anticoagulation or dual therapy, including 
full-dose or half-dose direct oral anticoagulants.

There is controversy around whether venous stent patency is best maintained by 
combined antiplatelet and anticoagulation therapy vs anticoagulation alone[15]. 
Antiplatelet agents did not appear to significantly increase the bleeding risk in our 
study, with almost half of thrombophilia patients remaining on long term antiplatelet 
medications and more than half on anticoagulation. The long-term management 
following venous stenting in thrombotic iliac vein compression syndrome is complex 
and patient specific. Because there was no significant difference in stent patency or re-
intervention rates amongst thrombophilia positive and negative patients, the need for 
thrombophilia testing should be individualized and only considered when it will 
impact post-procedural medical management.

This study has several limitations. First it is a single center retrospective design; 
second, there is provider bias in choosing antithrombotic regimens based on their 
presumed risk of thrombosis; and third, venous stent type and extent varied, 
introducing confounders. Moreover, given our small sample size, our study was 
underpowered to obtain statistical significance for subgroups and antithrombotic 
regimens. Future studies focusing on anticoagulation related to venous stenting in 
larger cohorts would be helpful. Larger prospective randomized control trials are 
needed.

CONCLUSION
Despite an underlying anatomic venous abnormality, in our cohort of patients that 
underwent thrombophilia testing in the setting of stented common iliac thrombosis, 
half tested positive for thrombophilia. The presence of thrombophilia did not 
demonstrate a statistically significant difference in stent patency rates or re-
intervention rates. The need for thrombophilia workup should be individualized and 
discussed by multidisciplinary teams and considered only when it will impact post-
procedural medical management.
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ARTICLE HIGHLIGHTS
Research perspectives
The long-term management following venous stenting in thrombotic iliac vein 
compression syndrome is complex and patient specific. Because there was no 
significant difference in stent patency or re-intervention rates amongst thrombophilia 
positive and negative patients, the need for thrombophilia testing should be individu-
alized and only considered when it will impact post-procedural medical management. 
Future studies focusing on anticoagulation related to venous stenting in larger cohorts 
would be helpful.

Research conclusions
Half of patients with stented thrombotic iliac vein compression syndrome and 
thrombophilia testing were positive. The presence of thrombophilia did not 
demonstrate a significant difference in stent patency or re-intervention rates.

Research results
65 patients underwent successful balloon angioplasty and common iliac vein (CIV) 
stenting. Stent patency on ultrasound did not significantly differ between thrombo-
philia positive and negative patients at 1 mo (92.3% vs 81.3%, P = 0.6), 6 mo (83.3% vs 
80%, P > 0.9), or 12 mo (77.8% vs 76.9%, P = 0.8).  Immediately after stent placement, 
thrombophilia patients were more likely to be placed on dual therapy (aspirin and 
anticoagulation) or triple therapy (aspirin, clopidogrel, and anticoagulation) (50% vs 
41.2%, P > 0.9), and remain on dual therapy at 6 mo (25% vs 12.5%, P = 0.5) and 12 mo 
(25% vs 6.7%, P = 0.6).  There was no significant difference in re-intervention rates 
(25% vs 35.3%, P = 0.7) or number of re-interventions (average 2.3 vs 1.3 per patient, P 
= 0.4) between thrombophilia positive and negative patients.

Research methods
A retrospective observational analysis was performed on 65 patients with thrombotic 
iliac vein compression syndrome that underwent CIV stenting at a large academic 
center. Non-thrombotic lesions and iliocaval thrombosis and/or occlusions were 
excluded. Demographic information, procedural data points, and post-procedural 
management were compared between thrombophilia positive and negative patients.

Research objectives
To evaluate the prevalence and compare how thrombophilia influences management 
and outcomes of patients who undergo venous stenting for thrombotic iliac vein 
compression syndromes.

Research motivation
Guidelines for therapeutic anticoagulation after iliocaval stent placement remain 
variable by institution, however long-term anticoagulation is often recommended in 
patients with underlying thrombophilia. Whether or not the presence of an underlying 
thrombophilia increases the risk of recurrent thrombosis, particularly in-stent 
thrombosis in patients that have undergone venous interventional procedures, 
remains unknown.

Research background
Iliofemoral vein thrombosis accounts for approximately 25% of all deep vein 
thrombosis and is associated with an increased risk of embolic and post-thrombotic 
complications. Anticoagulation is the standard of care for the treatment of 
symptomatic acute deep vein thrombosis.  However, despite appropriate antico-
agulant therapy, the post-thrombotic syndrome remains a frequent complication seen 
in 30% to 50% of patients diagnosed with iliofemoral deep vein thrombosis. To reduce 
the burden of post-thrombotic symptoms, endovascular therapy is playing an 
increasing role in the treatment of iliofemoral venous disease.
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