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ABSTRACT

Computed tomography (CT) of the chest has been previously reported as an efficacious approach for the early
diagnosis and suspicion of COVID-19 infection, as diagnosis with other modalities is usually time-consuming and
cannot detect the disease within the early stages. Many pulmonary manifestations have been previously observed
under CT imaging of the chest. All of them have been linked with the different stages of the disease, indicating their
abilities to diagnose and follow-up these patients.This present literature review aims to discuss the role of CT imaging
of the chest in COVID-19 infections and it also aims to elaborate the common pulmonary manifestations that can be
frequently observed to help with the diagnosis and prognosis of the disease. Moreover, ground-glass opacities
(GGOs) have been reported among studies in the literature to be the most common findings as they remain the earliest
among other diseases. The literature review also aims to invistagate whether GGOs can fade away or progress to
consolidate in order to decide the prognosis of the disease and to identify the severity of cases. Consolidations have
also been previously stated among studies in the literature as frequent pulmonary manifestations affecting patients
with COVID-19 infections and are estimated to be present in 2-63% of patients with COVID-19 infections. Other
pulmonary manifestations might also include bronchiectasis, lymphadenopathy, nodules, pleural effusion or
thickening, and halo sign.
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INTRODUCTION

COVID-19 is a disease that caused by the severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2). It
was first reported in China, emerging from a wet market
in Wuhan, specifically, in late 2019. The progression of
the disease has become significant in the following
months, as it has nearly affected almost all countries over
the world with millions of cases and deaths globally.'?
The impact of the disease is not only confined to the
health status of the affected patients, but it also related to
the social, economic, and scientific aspects of population
all over the world.® Many management approaches have
been proposed for the adequate prevention and treatment
of the disease. However, none of the previously suggested
modalities was found to be efficacious in managing the
development of the disease. Accordingly, efforts were
directed to identify the infected cases as early as possible
and isolate them to adequately contain the rates of
infections and reduce the spread of the infection.

The clinical presentation for COVID-19 patients is hugely
variable and even be asymptomatic.* The symptoms
might include illnesses, such as flu, headache, fever,
diarrhea, cough, sore throat, and other symptoms.*
However, the COVID-19 disease can be severe in some
cases where there might be severe organ damage leading
to some complications related to the lungs, kidney, liver,
and central nervous system.>° Moreover, pulmonary
manifestations remain the most common manifestations
that can be observed among these patients and some
studies have reported that the pulmonary findings can be
used to diagnose or suspect the infection, and predict the
prognosis of the disease.” CT of the chest has been
previously reported as an efficacious approach for the
early diagnosis and suspicion of COVID-19 infection, as
diagnosis with other modalities is usually time-
consuming and cannot detect the disease within the early
stages. CT can be used to indicate the infection,
especially in patients with severe pulmonary-related
symptoms , as such cough, dyspnea, and fever. It is also
recommended to follow-up with the previously indicated
patients for disease resolution.'**?

Many pulmonary manifestations have been previously
observed under CT imaging of the chest, which have been
linked with the different stages of the disease, indicating
their abilities to diagnose and follow-up these patients.™®
The present literature review aims to discuss the
previously reported pulmonary manifestations that are
usually observed during early and late COVID-19
infections.

This extensive literature search gathered data from the
Medline, Cochrane, and Embase databases on 10" May
2021 using the medical subject headings (MeSH) and a
combination of all possible related terms. This was
followed by the manual search for papers in Google
scholar and the reference lists of the initially included
papers.'*'> Papers discussing pulmonary manifestations

of COVID-19 on CT scan were screened for relevant
information and we posed no limits on date, language,
age of participants, or publication type.

DISCUSSION

Importance of conducting CT chest imaging for
COVID-19 patients

CT scanning has been previously reported as an
efficacious modality for the early diagnosis and follow-up
of COVID-19 infections, according to many previous
observational investigations which reported the definitive
presence of COVID-19 related pathological features.
Moreover, CT scanning has been previously reported as
the most standardized test modality for indicating the
infection as the most specific modality ,and real-time
reverse-transcription polymerase chain reaction (RT-
PCR) has been stated by other investigations that the
technique should not be used alone in diagnosing the
infection and other modalities should be approached due
to the very low estimated sensitivity rates for this
technique.'® Accordingly, CT imaging of the chest was
suggested because of the estimated higher sensitivity
rate.” The main advantages of CT use over RT-PCR are
that CT imaging is fast, widely available, and non-
invasive.l’ Based on these recommendations, RT-PCR
and CT scan of the chest have been reported to be used
concomitantly for diagnosing COVID-19 infections.'!
Although CT imaging of the chest has been reported to
have a very high sensitivity rate in detecting any potential
underlying pathology, the estimated specificity for the
same modality has been reported to be very low.®
Therefore, it has been reported that CT imaging might
sometimes lead to false-negative diagnostic events as a
result of the potential presence of overlapping other
etiologies that might cause the same CT-related
pathological ~ findings.?*®  Besides, a previous
investigation by Ai et al reported that follow-up for
patients with COVID-19 infections was effectively able
to detect significant improvement of the underlying
pathology in 42% of their included population while RT-
PCR results for the same patients were still positive.'®
According to many management and screening protocols
for COVID-19 patients, it has been reported that CT
imaging should be approached as an efficacious modality
for the early diagnosis and follow-up for these patients to
obtain better outcomes with estimated higher sensitivity
and specificity rates for older patients and patients that
are highly suspected to have COVID-19 infection.182122

Early diagnostic CT pulmonary manifestations

Among the different studies in the literature, many
pulmonary manifestations for COVID-19 patients have
been observed using CT imaging of the chest (Figure 1).
Among the reported manifestations, ground-glass
opacities (GGOs) remain the most common among
patients and may be considered the main pathology that is
usually significantly associated with a positive prediction
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of the infection.>?3 Additionally, it has been observed that
the lesion usually affects the lateral parts of both lungs
under the pleura. It has also been found that the pathology
might extend to other central parts of the lung when the
lesion might be extensive.?* Moreover, a previous
investigation by Bernheim et al previously reported that
the left lower lobe is usually more affected than the
upper, middle, and right lobes.?* However, it has also
been observed that the lesion does not usually last
alongside the course of the disease and usually converts
to consolidation or fibrosis as the disease progresses. A
previous investigation by Pan et al also reported that
GGOs were the most predominant lung pathology that
was observed during the early stages of the disease in
their COVID-19 patients; however, patients with good
prognosis resolution of these opacities were frequently
observed and GGOs converted into crazy-paving and
consolidation lesions within the first two weeks from the
onset of symptoms.*3 Moreover, in a case report study by
Xu et al, the authors reported that in a postmortem
investigation of a patient that died from severe COVID-
19 infection.?® The main underlying pathology that was
noticed in this patient was GGOs, which was indicated by
the presence of pulmonary edema. Moreover, other
reports also showed that in such cases, consolidation and
interstitial thickening can be observed in some cases
together with GGOs, which are all suggestive of the
presence of pneumonia and the presence of underlying
lung injury.?:27

Reverse halo sign; 3%
Nodule; 15%

Lymphadenopathy; 8%
Pericardial effusion; 4%

Pleural effusion; 10%
Bronchial wall thickening; 17%

GGO; 66%

Air bronchogram sign; 50%
. Consolidation; 41%

Crazy paving pattern; 20%

GGO+consolidation; 47%

Reticular pattern; 27%
Interlobular septal

thickening; 53%

Figure 1: CT pulmonary manifestations of COVID-19
patients and the estimated percentage for each,
according to previous investigations.*

Consolidations have also been previously reported among
studies in the literature as frequent pulmonary
manifestations affecting patients with COVID-19
infections and are estimated to be present in 2-63% of
patients with COVID-19 infections.?®? The pattern of
these manifestations has also been reported to be variable
among patients, being patchy, multifocal, or segmental,
and might have a peri-bronchovascular or sub-pleural
distribution. Some investigations reported that the
interpretation of the presence of consolidations should be
carefully approached as they might be indicative of

severe COVID-19 disease, as they usually occur among
patients that are over 50 years of age and during the
second weeks from the disease progression.t327%0
Lymphocyte infiltration can also be present in patients
with COVID-19 infections and can eventually lead to the
development of reticular opacities, which has been
observed among studies in the literature to be the third
most common pulmonary manifestation that can be
observed among COVID-19 patients as they usually
progress alongside the course of the disease.?>?® Although
crazy-pavings can be observed in 5-36% of patients with
COVID-19 infections, previous investigations have
reported that these findings are less frequent to be
observed than consolidations and GGOs.*3?° On the other
hand, the presence of this manifestation can be used to
predict the start of the peak stage when they have been
observed alongside consolidation and GGOs.:* Air
bronchograms have also been previously observed among
COVID-19 patients.?”% Other pulmonary manifestations
might also include bronchiectasis, lymphadenopathy,
nodules, pleural effusion or thickening, and halo
sign.1317.283032 Eyrthermore, previous investigations have
stated that some CT pulmonary manifestations might be
significant predictors for having severe COVID-19
disease. For instance, Yuan et al previously reported that
the presence of consolidation and a high median CT score
were significantly associated with death among patients
who died during hospitalization as compared to other
patients who did not die or were discharged.®® Old age
and the presence of underlying comorbidities have also
been previously reported as significant predictors of
mortality among these patients.3* These findings were
also indicated by Li et al, that also reported that linear
opacities, crazy-pavings, and consolidation were all
significantly associated with the development of severe
COVID-19 disease.?®

Late prognostic CT pulmonary manifestations

Evidence from the current literature also showed that CT
imaging of the chest is important to evaluate the
prognosis of COVID-19 infections. It has been reported
that pathological pulmonary manifestations usually
change over time since the time of the infection and until
healing occurs. For instance, a previous investigation by
Pan et al tracked the pulmonary changes during COVID-
19 infections to find whether the pathology changes
overtime or not.*® The authors have finally concluded that
COVID-19 related pathology can be divided into four
stages including the early, progressive, peak, and
absorption stages which usually compromise the
following time intervals: 0-4, 5-8, 9-13, and >14 days,
respectively. Moreover, the authors of the same study
also reported that they visualized the five lobes of the
lung and put a scoring system from 0 to 5, based on the
severity and involvement of the different parts of the
affected lungs. No involvement was recorded as 0, <5%
involvement was recorded as 1, 25% involvement scored
2, 26-49% involvement scored 3, 50-75% involvement
scored 4, while >75% involvement scored 5. The total of
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the estimated CT scores were then used to process and
evaluate the severity of the underlying pathology, as they
reported that O denotes or minimal injury while a
maximum score of 25 denoted severe underlying
pathology. Moreover, the authors reported that the
observed pulmonary manifestations usually progress from
the onset of symptoms until 10 days when the pathology
usually peaks, and then the severity and observed
demarcations  usually  decrease.  The  previous
investigation by Yuan et al also reported that severe
COVID-19 disease was associated with a CT score cutoff
point of 24.5, and the authors reported that the specificity
and sensitivity for this point to predict mortality among
these patients were 84.5% and 85.6%, respectively.®®
Previous investigations have also reported that GGOs
were observed to more a well-formed characteristic of
stage 2 of lung pathology during COVID-19 infections,
and crazy-waving patterns were the most common to be
seen during this stage.®® Moreover, it has been stated that
consolidation is usually the underlying pathology with
reduced observations of GGOs during the third stage
since the infection occurred. A previous investigation by
Salehi et al reported that among their population of 919
COVID-19 patients, GGOs were frequent during the
intermittent stage and were frequently seen while during
the following progressive stage, multifocal consolidation,
crazy-paving patterns, and thickening of the related lung
septa were more frequent than the previously observed
GGOs.% In general, previous investigations have reported
that such observations are not specific to COVID-19
infections only, as pneumonia usually develops following
other infections, radiation, administration of certain
drugs, and transition from GGOs to consolidation is a
significant marking for the development of pneumonia.3®
The same findings were also reported in a previous
longitudinal follow-up investigation by Wang et al.¥’
which showed that GGOs were purely observed as the
main and maybe the only pulmonary manifestation
among their patients, which also significantly changed to
a mix of GGOs and linear opacities due to consolidation
within the days of the third stage. Pulmonary embolism
should also be suspected in cases of severe infections, and
assessment of D-dimer levels might help with
establishing a proper diagnosis for early and adequate
management. Considering contrast-enhanced CT has also
been previously recommended in such cases; however,
precautions should be considered in patients with severe
infections and underlying renal diseases.®

CONCLUSION

In the present literature review, it has discussed the role
of CT imaging of the chest in COVID-19 infections, in
addition to elaborating the common pulmonary
manifestations that can be frequently observed and can
help with the diagnosis and prognosis of the disease.
GGOs and consolidations have been reported among
studies in the literature to be the most common findings,
and GGOs remain the earliest. Whether GGOs can fade

away or progress to consolidations can also decide the
prognosis of the disease and identify severe cases.
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