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Abstract
Chest X-ray, chest CT, and lung ultrasound are the most common radiological interventions used in the
diagnosis and management of coronavirus disease 2019 (COVID-19) patients. The purpose of this literature
review, which was performed according to Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines, is to determine which radiological investigation is crucial for that
purpose. PubMed, Medline, American Journal of Radiology (AJR), Public Library of Science (PLOS), Elsevier,
National Center for Biotechnology Information (NCBI), and ScienceDirect were explored. Seventy-two
articles were reviewed for potential inclusion, including 50 discussing chest CT, 15 discussing chest X-ray,
five discussing lung ultrasound, and two discussing COVID-19 epidemiology. The reported sensitivities and
specificities for chest CT ranged from 64 to 98% and 25 to 88%, respectively. The reported sensitivities and
specificities for chest X-rays ranged from 33 to 89% and 11.1 to 88.9%, respectively. The reported
sensitivities and specificities for lung ultrasound ranged from 93 to 96.8% and 21.3 to 95%, respectively. The
most common findings on chest CT include ground glass opacities and consolidation. The most common
findings on chest X-rays include opacities, consolidation, and pleural effusion. The data indicate that chest
CT is the most effective radiological tool for the diagnosis and management of COVID-19 patients. The
authors support the continued use of reverse transcription polymerase chain reaction (RT-PCR), along with
physical examination and contact history, for such diagnosis. Chest CT could be more appropriate in
emergency situations when quick triage of patients is necessary before RT-PCR results are available. CT can
also be used to visualize the progression of COVID-19 pneumonia and to identify potential false positive RT-
PCR results. Chest X-ray and lung ultrasound are acceptable in situations where chest CT is unavailable or
contraindicated.

Categories: Internal Medicine, Medical Education, Radiology
Keywords: rt-pcr, radiological findings, consolidation, ground-glass opacities, sars-cov-2, viral pneumonia,
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Introduction And Background
In December 2019, a novel respiratory disease began to infect communities in Wuhan City, Hubei Province,
China. On February 11, 2020, the causal virus was officially named coronavirus disease 2019 (COVID-19).
According to Gaia et al. [1], the World Health Organization (WHO) categorized COVID-19 as a pandemic on
March 11, 2020. As of July 7, 2021, the WHO reports over 180,000,000 cases and over 3,900,000 deaths
worldwide [2].

Abbasi-Oshaghi et al. [3] state that although the initial source of COVID-19 is currently unknown, it is
believed to have been transmitted by bats, vipers, or pangolins. A study by Sharma et al. [4] analyzed the
RNA sequences of several animal coronaviruses and tentatively concluded that there could have been
recombination between bat and pangolin coronaviruses before transmission to humans occurred. Though
the above authors [3,4] express different sources of the disease in their articles, based on ongoing
assessments by the U.S. Department of Energy, a definitive origin is yet to be determined.

The virus can be transferred between different types of mammals and birds and is also highly contagious
among humans. Some of those infected with COVID-19 are asymptomatic and others develop a cough,
shortness of breath, or fever. The virus is considered airborne as it is transmitted between humans via air
droplets resulting from coughing or sneezing. It can also be spread via objects contaminated with respiratory
droplets.

Considering the rapid spread of this disease, and the overwhelming volume of hospitalized COVID-19
patients worldwide, it is important to consider methods of diagnosis and management and how these
methods can potentially be used to manage patient care and predict outcomes.

Currently, reverse transcription polymerase chain reaction (RT-PCR) remains the most cost-effective method
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for the initial diagnosis of COVID-19. A Hong Kong study by Kaufman et al. [5] analyzed 64 cases of positive
COVID-19 infection and found that RT-PCR had a much higher sensitivity to early disease than chest X-ray.
Throughout the progression of this pandemic, RT-PCR has remained the gold standard for diagnosis. Despite
its many advantages in the diagnosis of COVID-19, it also has some limitations. For instance, Carpenter et
al. & Chamorro et al. state that several studies have shown that RT-PCR has a high false negative rate [6,7].
According to Waller et al. [8] other scientists have cited disadvantages such as low sensitivity, and low
clinical utility owing to a shortage of test kits in certain regions. The sensitivity of RT-PCR can also vary
quite dramatically depending on the type of swab. Machnicki et al. [9] state that bronchoalveolar lavage is
reported to have the highest sensitivity of 93%; nose and mouth swabs have a sensitivity of 71%, and throat
swabs have the lowest sensitivity of 32%.

Throughout the past year, various radiological techniques have frequently been discussed in the
conversation surrounding COVID-19 diagnosis, management, and outcome prediction; computed
tomography (CT) and X-ray (radiographs) have been compared for their value in diagnosing and choosing
management plans for COVID-19 cases.

Chest X-ray is very commonly used for diagnostic imaging of patients suspected of having COVID-19.
Images of normal chest X-rays (Gaillard F, 2021) are displayed below [10] for reference and comparison
(Figure 1). The image on the left shows the anterior-posterior (AP) view of the chest and the image on the
right shows the lateral view of an essentially normal chest X-ray of a 50-year-old male revealing lungs with
normal bronchovascular markings and well-defined tracheal passage. There is a degree of hyperinflation as
evidenced by both increased retrosternal airspace and somewhat flattened and depressed diaphragms.

FIGURE 1: X-ray images of healthy chest and lungs
AP view (left-hand side image) and lateral (right-hand side image) views.

Image source: Reference no. [10]

However, owing to the low sensitivity of chest X-rays in less severe cases, and the high likelihood that no
abnormalities are displayed in COVID-19 patients with initial symptoms, X-ray is not recommended as the
preferred imaging technique for COVID-19 diagnosis. Aljondi and Alghamdi (2020) report that lung
ultrasound (LUS) can be used in the diagnosis and eventual management of COVID-19, especially when
modalities such as chest CT are contraindicated (e.g., in pregnancy or chronic renal disease) [11]. Kalra et al.
[12] report that when indicated, a non-contrast chest CT is generally performed at the lowest dose to
minimize imaging artifacts and radiation exposure.

The advantages of LUS include portability and cost-effectiveness. Normal LUS images are displayed below in
(Figure 2). In image A the lung parenchyma can be visualized via a window between the ribs. The parietal
pleura Pp and visceral pleura Pv can be identified by the arrows. In image B, shadow of a rib can be seen at
the arrowheads and the parietal and visceral pleura can be identified at the arrows. 
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FIGURE 2: Normal chest ultrasound images
(a) transverse scan of intercostal space; (b) longitudinal scan along the ribs. Pp= parietal pleura; Pv=visceral
pleura.

Image source: Reference no. [13]

In Figure 3, the image on the left indicates a pleural line at the short arrow and 'A' lines by long pointers.
Image on the right shows another example of 'A' lines represented with multiple asterisks, found beneath the
pleural line (arrowhead). The pleural line is the labeled hyperechoic line that represents the junction of the
visceral and the parietal pleura. The A-line artifacts are clearly visualized as horizontal reverberation
artifacts of the hyperechoic pleural line. The rib shadows separate the intercostal spaces.

FIGURE 3: Lung ultrasound images
“A” lines on LUS indicate a healthy lung. ”A” lines are horizontal white lines underneath the pleural line.

Image source: Reference no. [13]

Because the range of reported sensitivity and specificity values is wide, and comprehensive guidelines for
ultrasound use in COVID-19 are lacking, the true worth of ultrasound in management of this disease is not
clear. However, chest CT is much more valuable than other modalities for the diagnosis and management of
COVID-19 patients. CT imaging is very useful for distinguishing healthy, non-diseased lungs from lungs
infected with COVID-19.

CT imaging is very useful for distinguishing healthy, non-diseased lungs from lungs infected with COVID-19.
Kalra et al. report that when indicated, a non-contrast chest CT is generally performed at the lowest dose to
minimize imaging artifacts and radiation exposure [12]. In the CT image below (Figure 4), which is adapted
from radiopedia.org (free access), a section of the chest is taken at the T4 vertebral level. The lung fields are
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clear with normal bronchovascular markings. The heart is in middle mediastinum and of normal size.

FIGURE 4: CT image of a healthy lung
CT image of healthy lungs showing normal CT ratio. Normal bronchovascular markings can be visualized.

The image is adapted from radiopedia.org (free access).

Image source: Reference no. [12]

On CT, patients with COVID-19 usually show several common characteristics. Most frequent in the early
stages of infection is ground-glass opacity (GGO), a region of increased attenuation (or brightness) that also
contains intact bronchial and vascular markings. GGO can also appear in diseases and infections other than
COVID-19 [13].

Another major CT finding is lung consolidation, where the alveolar spaces of the lung that is normally filled
with air can be occupied instead with some other type of fluid. Although consolidation is not always present
in the early stages of GGO, it is likely to be present in later stages when more lung injury is expected.
Finally, a reticular pattern (when interlobular septa or intralobular lines begin to thicken) and interlobular
septal thickening can be another common characteristic finding in CT. Ye et al. discuss that these findings
are thought to potentially result from lymphocyte invasion of the lungs’ interstitial spaces [14].

CT presentation is often quite varied and complicated, as not all suspected patients present with the above
findings, and some present with additional findings such as lung fibrosis. Depending on disease progression,
patients can also display a feature called crazy paving, a pattern in which interlobular septal thickening
overlaps with GGO [7].

Several severe complications can occur in COVID-19 patients, which can impede proper healing and lead to
disability or death. One such complication is acute respiratory distress syndrome (ARDS), characterized by
an extensive release of inflammatory cytokines that can result in hypoxemia and pulmonary edema. This
syndrome can be visualized on chest CT through peripheral GGOs. Patients with COVID-19 are also
susceptible to superimposed pneumonia, which can be visualized as lobar consolidation on chest CT. Finally,
patients can develop pulmonary embolism, which increases the risk of death immensely. The virus possibly
activates the coagulation cascade, although the exact mechanism is not known. On chest CT, a pulmonary
embolism due to COVID-19 can present as bilateral diffuse GGO, consolidation in both lungs and bronchial
dilation [15].

Mingli et al. [16] reviewed several articles which indicate that chest CT is extremely useful for visualizing
pulmonary findings such as GGO and consolidation in COVID-19, and some have used a quantitative
COVID-19 Reporting and Data System (CO-RADS) score that could predict the likelihood of COVID-19
infection based on specific radiological findings.
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The aims of this study are to emphasize the importance of radiology in visualizing many of the
pulmonological findings in COVID-19 patients, and to determine how these images are integrated into the
diagnosis and management of COVID-19 patients.

During this historic pandemic, it is incredibly important to identify specific methods and techniques for
diagnosing the disease and assessing its severity. If physicians, healthcare staff, and researchers can identify
key pulmonary features on chest CT in detail, quickly and accurately, they will be able to determine disease
severity, prevent diagnostic error, direct patients to proper treatment and resources, and ultimately save
countless lives.

Review
Methods
This study was a systematic review without meta-analysis, conducted according to the Preferred Reporting
Items for Systematic reviews and Meta-Analyses (PRISMA) statement. Information was sourced from the
databases PubMed, Medline, AJR, PLOS, Elsevier, NCBI, and ScienceDirect. Key search words included
COVID-19, CT, management, X-ray, ultrasound, infectious disease, viral pneumonia, diagnosis,
Coronavirus-19, SARS-Cov-2, Ground-glass opacities, consolidation, radiological findings, and RT-PCR. The
search period ranged from July-August 2021 and data extraction was limited to articles published towards
the beginning of the COVID-19 pandemic, from January 1, 2020 to August 6, 2020.

In total, 72 articles were analyzed for information about radiological findings in COVID-19 patients and the
use of various radiological interventions in the diagnosis and management of such patients. They included
50 articles discussing normal and abnormal chest CT findings, 15 discussing chest X-ray findings, five
discussing lung ultrasound appearances, and two discussing COVID-19 epidemiology, all these being the
inclusion criteria. The articles were organized on a spreadsheet and the authors collaborated on brief
descriptions for each article. The descriptions included the type of article, statistics cited, strengths and
weaknesses, number of times cited, relevant conclusions, and helpful images. Normal and abnormal images
for each radiological intervention were organized into a separate image database. Articles and image
websites that contained duplicate information were removed. A search flow diagram is provided in Figure 5.

FIGURE 5: PRISMA flow chart of literature review.
PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses.

Results
CT Imaging in the Diagnosis and Visual Assessment of COVID-19

In recent systematic reviews and the primary literature, computed tomography (CT) has been closely studied
as a supplemental and even a standard method in the clinical diagnosis and management of COVID-19.
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Arguably, Li M [17] states that the variation in diagnostic sensitivity of RT-PCR is a shortcoming for which
CT could compensate. One study by Fang et al. [18] of 51 patients determined the sensitivity of CT to be
significantly greater than that of initial RT-PCR (98% vs. 71%, respectively). In another study of 888 patients
by Ai et al. [19], the sensitivity of CT was 97%, but the specificity was only 25%. A meta-analysis by Duarte et
al. [20] of 168 studies that totaled 1,045 CT scans found the sensitivity of CT to be 95.3%. However, in a
retrospective study of 568 patients by Salehi-Pourmehr et al. [21] with suspected COVID-19, CT imaging
yielded a lower sensitivity of 64% but a specificity of approximately 77%.

CT can provide visual insight into lung pathology in COVID-19 and respiratory manifestations such as
pneumonia. The most common COVID-19 findings on CT are GGOs (Figure 6), dense consolidations (Figure
7 - left-hand side image) that block airways and blood vessels, enlargement of lung vasculature, and crazy-
paving pattern (Figure 7 - right-hand side image), which is thickened interlobular septa superimposed on
GGO [7,15,17]. Furthermore, GGOs and consolidations are typically bilateral in the peripheral aspect of the
lungs (Figure 7), with predilection towards the posterior and lower lobes [17,22]. In severe cases the GGOs
and consolidations are extensive and multifocal. Xiong et al., and Kaufman et al. describe that together they
form a “white lung” appearance on CT. Consolidation findings in the lungs in COVID-19 patients can be
quantified on the basis of the level of opacification and comparison of two consecutive CT scans [5,23]. 

FIGURE 6: Axial non-enhanced chest CT image
The image shows the bilateral and peripheral distribution of ground-glass opacities (GGOs) (arrows) in COVID-19
pneumonia.

Image source: Reference no. [15]
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FIGURE 7: CT chest images showing dense consolidation
Left-hand side image: Axial chest CT showing the bilateral and extensive distribution of GGOs and consolidation.

Right-hand side image: CT image displaying crazy-paving pattern (black arrow).

Image source: Reference no. [7,18]

In this study, the total opacification score in the upper, middle, and lower lobes calculated from the initial
CT was significantly lower than in the seven-day follow-up CT (P< 0.001), indicating advancing involvement.
Also, two strong correlations were found. First, before the patients received treatment and were admitted to
the hospital, there was a positive correlation between the time interval in days from the onset of symptoms
to initial CT, and total opacification score (R= 0.68, P< 0.01). Second, there was a strong association between
high body temperature on initial presentation and the change in total score between initial and follow-up
CT.

The risk that the severity of opacification would increase was 3.64 times greater in patients with high fever
than those with normal temperatures. With age and sex adjustment, temperatures of 38.1°C to 39.0°C were
positively associated with a four times higher increase in the total opacification score [4].

CO-RADS Scoring

CO-RADS scoring was developed for patients with moderate to severe symptoms commonly observed in
COVID-19 to quantify the likelihood that the pulmonary involvement revealed by CT is due to COVID-
19 [16]. CO-RADS categories range from 0 to 6. Category 0 implies a non-interpretable CT scan due to
artifact; Category 1 implies very low suspicion and is probably attributable to non-infectious etiologies such
as lung tumors or emphysema; Category 2 implies low suspicion if CT findings that point to infectious origin
(e.g. tree-in-bud sign, centrilobular nodular pattern, lobar or segmental consolidation, lung cavitation) are
not associated with COVID-19; Category 3 implies uncertainty if CT features associated with COVID-19 (e.g.
peri-hilar GGO, homogenous extensive GGO with or without sparing of secondary lobules, or GGO with
smooth interlobular septal thickening with or without pleural effusion) are also detected in other viral
pneumonias; Category 4 implies high suspicion if CT features are typically seen in COVID-19 and in some
viral pneumonias; Category 5 implies high suspicion if CT findings are classical for COVID-19, as described
previously, and if one of the patterns aligns with the timeline of COVID-19 progression; Category 6
indicates proven COVID-19 if the RT-PCR test is positive. For inter-observer agreement, the Fleiss κ
extracted by Prokop et al. [16] for all eight observers on CO-RADS was 0.47 (95% CI: 0.54, 0.62).

When the performance of CO-RADS was compared with those of RT-PCR and RT-PCR combined with clinical
diagnosis, the average areas under the receiver operating characteristic curve (AUC) were 0.91 (95% CI: 0.85
0.97) and 0.95 (95% CI: 0.91, 0.99), respectively. In another retrospective study of 120 subjects done by
Turcato et al. [24] the AUC of CO-RADS reported for patients with a positive RT-PCR, patients with a final
clinical diagnosis of COVID-19, and patients with moderate to severe symptoms and a diagnosis of COVID-
19, were 0.790 (95% CI: 0.704-0.876), 0.878 (95% CI: 0.812-0.943), and 0.890 (95% CI: 0.816-0.981),
respectively. Prospective study - high negative predictive value (NPV) for CO-RADS less than or equal to 3.

In the images below (Figure 8), CT images A, B, and C show various extents of consolidation and areas of
GGO within both lungs based on the severity of the disease. The consolidations are pronounced in the
posterior aspects of both lungs and the GGOs are apparent within the lung parenchyma anteriorly. The
explanation for CO-RADS scores for each can be seen below the image. The areas of consolidation are
indicated by green arrows and GGOs with yellow arrows.
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FIGURE 8: CT images showing various extents of consolidation and
areas of GGO within both lungs
The CO-RADS score was calculated as: for upper zone [A], 3 [consolidation] x 3 [50-75% distribution] x 2 [both
right and left lungs] + 2 [ground glass opacity] x 1 [< 25% distribution] x 2 [both right and left lungs]

For middle zone (B), 3 [consolidation] x 2 [25-50% distribution] x 2 [both right and left lungs] + 2 [ground glass
opacity] x 2 [25-50% distribution] x 2 [both right and left lungs]

For lower zone (C), 3 [consolidation] x (2 [25-50% distribution of the right lung] + 3 [50-75% distribution of the left
lung]) + 2 [ground glass opacity] x (2 [25-50% distribution of the right lung] + 1 [< 25% distribution of the left
lung]).

Image source: Reference no. [16]

Assessment of the Clinical Course/Progression of COVID-19 Based on CT Imaging Studies

The current literature describes the role of imaging in staging the progression of COVID-19. Jin et al. [25]
distinguished five stages according to the progression of pathological features revealed by CT: ultra-early
stage, early stage, rapid progression stage, consolidation stage, and dissipation stage. The ultra-early stage
is 1-2 weeks after exposure to the virus and is asymptomatic. There is a single GGO or multiple patchy GGOs
along with patchy consolidations and air bronchograms. The second (early) stage is 1-3 days after symptom
onset. CT shows multiple scattered GGOs and interlobular septal thickening, with alveolar and interstitial
exudates. The third (rapid progression) stage involves continued increases in exudates in alveoli and
interstitium and vascular expansion. Light consolidation expands with inner air bronchograms. The fourth
(consolidation) stage is 1-2 weeks after the onset of symptoms. Lung consolidations decrease in density and
size on CT. Dissipation, the fifth stage, is 2-3 weeks after the appearance of symptoms. Consolidations
become distinctly patchy while interlobular thickening with a grid-like pattern becomes more apparent.
Yang et al. [26] also formed a clinical guideline based on symptom onset and response to the virus,
distinguishing four stages (early, advanced, severe, dissipation), each with the characteristics previously
mentioned. In the severe stage, CT scans show pleural thickening and effusion in addition to diffuse
consolidations. There is bilateral involvement of patchy consolidation and grid-like thickening of
interlobular septa.

The images below show consolidations within the lungs of COVID-19-positive cases at various stages of
onset (Figure 9). Figure 9a shows the ultra-early stage (1-2 weeks after exposure with no symptoms). GGO in
the lower periphery of the right lung (indicated by yellow arrows). Figure 9b shows the early stage (1-3 days
after symptom onset). Multiple, light, patchy consolidations (indicated by blue arrows) separated by
thickened interlobular septae due to interstitial exudate in both lungs.
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FIGURE 9: Area of consolidations within lungs of COVID-19-positive
cases
Image on the left (9a) showing an area of consolidation in the peripheral lung parenchyma of the right lung. Image
(9b). Multiple areas of patchy consolidations bilaterally.

Image source: Reference no. [25]

The images below (Figure 10) show more findings at different stages of the disease. Figure 10a shows the
rapid progression stage (3-7 days after symptom onset). Fibrous exudation connects the alveoli through the
interalveolar space, forming a fusion. In both lungs, consolidations are larger, with air bronchograms. Figure
10b shows the consolidation stage (7-14 days after symptom onset). There are few lesions, and multiple
patchy consolidations in the left lower lobe. There is bilateral involvement of patchy consolidation and grid-
like thickening of interlobular septa.

FIGURE 10: Findings within lungs at different stages of COVID-19
Image on the left (10a) shows the CT with yellow arrows pointing to areas of consolidation and in the image on
the right (10b) they are indicated by a blue arrow in the CT.

COVID-19: Coronavirus disease 2019

Image source: Reference no. [25]

 

In the image below (Figure 11), the chest CT shows fewer areas of consolidation in the right lung, as the
disease resolves over a period of weeks. The consolidated areas are indicated by green arrows. The left lungs
look clear. 
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FIGURE 11: CT chest after 2-3 weeks of symptom onset
Dissipation stage (2-3 weeks after symptom onset). There are very few lesions.

Image source: Reference no. [25]

Total lung involvement scores were also integrated into distinguishing stages for COVID-19. Zhou et al. [27]
defined three stages of COVID-19 by measuring lung parenchymal involvement in over 272 individual CT
scans from 100 patients according to the time from symptom onset: early rapid progressive stage (≤ 7 days),
advanced stage (8-14 days), and absorption stage (>14 days). Following a clinical diagnostic guideline in
China, the CT scans were stratified according to those three stages. The incidences of several CT signs were
determined in each group to correlate changes in CT features with disease progression from the early rapid
progressive stage to the absorption stage.

The results showed that the incidences of seven CT signs (GGO, GGO + consolidation, microvascular
dilation, air bronchogram, subpleural transparent line, thickening of the pleura, and pleural retraction)
showed a downward trend; the incidences of four CT signs (consolidation, GGO + reticular pattern, vacuolar
sign, and pleural effusion) increased from the early rapid progressive stage to the advanced stage and
decreased from the advanced stage to the absorption stage; and the incidences of three CT signs (subpleural
line, bronchus distortion, and fibrotic strips) showed an upward trend. CT scan scores have been used as
predictors for mortality and long-term effects of COVID-19. Yuan et al. [28] scored axial images by
combining CT features with the involvement of lung parenchyma, which was divided into six zones. When
the survival and mortality groups were compared, the CT score was significantly higher in the mortality
group (30 vs. 12, respectively, P= 0.021). Han et al. [29] assigned CT severity scores to patients who recovered
from severe COVID-19 by summing sub-scores based on parenchymal involvement (0, no involvement; 1, <
5%; 2, 5%-25%; 3, 26%-49%; 4, 50%-75%; 5, >75%) in five lung lobes. The authors found that a score ≥ 18 on
the initial CT predicted the development of fibrotic lesions at a six-month follow-up CT (Odds ratio: 4.2, 95%
CI: 1.2-14, p=0.02).

Radiographic Findings in the Diagnosis and Progression of COVID-19

The most common chest X-ray features of COVID-19 correlate well with those seen on CT and include
consolidations and GGOs with a peripheral distribution and lower lobe predominance. Across studies, those
features predominated between days 9 and 12 after symptom onset. Pleural effusions were seen rarely: 3%
in a study by Wang et al.(2020) and <1% in a study by Goyal et al. [30,31].

The articles reviewed showed that as few as 20% of patients (no control group, so no true sensitivity value)
demonstrated a typical COVID-19 presentation on chest X-ray with up to 89% sensitivity. It is notable that
the sensitivity of this modality tended to increase throughout the pandemic, in areas with high disease
prevalence, and with severity of disease [31].

A study by Goyal on 422 patients graded the severity of disease on a 1 - 8 scale and found that the average X-
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ray score was 2.8/8 for patients with mild symptoms and 4.2/8 for those with moderately severe symptoms.
Based on their grading system, they considered any patient with a score less than 3 as mild and needing only
symptomatic treatment. However, 93% of patients with a score of 4 or above required assisted ventilation.
This study therefore set an X-ray severity score of 4 as the baseline for critical care management. Mingli et
al. described the CT changes in disease progression in the patients below [16].

In the image below (Figure 12), there is clear demonstration of the progression of the disease in two cases.
A-C indicate the pulmonary changes seen in a chest CT of a 76-year-old woman who survived the disease;
D-F show progressive changes in a 72-year-old woman who succumbed to it.

FIGURE 12: Pulmonary changes with progression of the disease
A-C: stages of the disease that resulted in resolution.

D-F: CT images of a patient who succumbed to the disease.

Image source: Reference no. [16]

Lung Ultrasound in the Diagnosis of COVID-19

Three articles reported sensitivity and specificity values for LUS. A systematic review of imaging in the
diagnosis of COVID-19 by Islam et al. [29] reported a sensitivity of 96.8% and a specificity of 62.3%. Another
systematic review by Stogiannos et al. [32] reported a sensitivity of 93% and a specificity of 95%.
Independent research by Narinx et al. [33] on the feasibility of LUS reported a sensitivity of 93.3% and a
specificity of 21.3%.

Despite the lack of guidelines for COVID-19 screening with LUS, most studies have used point-of-care
ultrasound. A study of LUS findings in patients with COVID-19 pneumonia showed a glass rocket
appearance, pleural line thickening, and confluent B lines in all patients. B lines are white, vertical lines
extending from the pleura, and a glass rocket appearance denotes five or more B lines. Half the patients in
the study also exhibited subpleural consolidations [4]. Another study by Deng et al. [34] reported crowded B-
lines and multifocal consolidations as the most common LUS findings in COVID-19 patients. This same
study found high consistency between LUS and CT scores in the follow-up of critically ill COVID-19
patients.

In one literature review, LUS had a relatively high diagnostic value in asymptomatic COVID-19 patients [29].
Other reported benefits of LUS include portability, reduced exposure risk, and suitability for pregnant
women. Two studies noted a lower risk of exposure associated with LUS than other radiological
interventions. The same two studies also noted the importance of LUS in the management of pregnant
women because of the absence of radiation [9,29].

Discussion
Chest CT

The diagnosis and appropriate management of COVID-19 are crucial steps in providing the most efficient
medical care for both the patient and the overall community during the pandemic. Despite the relatively high
specificity of 99.5% in RT-PCR, low sensitivities such as 56% and 71% can produce false-negative results that
will contribute to the continued spread of SARS-CoV-2. Likely explanations for this include a lack of
robustness in the technology, low viral load in the sample, or inadequate clinical sampling [9,18]. Chest CT
is a noninvasive, rapid modality that offers high sensitivities up to 98% in the detection of COVID-19. Ai et
al. reported that among 413 patients with suspected severe acute respiratory syndrome coronavirus 2
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infection who tested negative on RT-PCR, 308 (75%) showed positive chest CT findings [19]. About 48% of
the 308 patients were deemed highly likely cases and 33% as probable cases. Although there is an overlap in
CT findings between COVID-19 pneumonia and other viral pneumonias such as influenza and adenovirus,
the high level of sensitivity was crucial during the growing epidemic as it transitioned into a
pandemic [35,36]. Isolating all patients with positive CT findings would pose a lower risk of spreading the
virus than ruling out COVID-19 in patients with typical symptoms and a potentially false-negative RT-PCR
result. Another limitation of CT is the lower sensitivity for diagnosing COVID-19 in patients who are
asymptomatic or in the early stage of the disease [1]. For example, Salehi-Pourmehr et al. [21] provided a
two-pronged explanation that the low sensitivity of 64% could be attributed to subjects having chest CT
scans on the day of hospital admission while they were in the beginning phase of the disease. Therefore, the
sensitivities determined by Fang et al. and Ai et al. (98% and 97%, respectively) could be biased because the
patient populations enrolled presented with symptoms of acute respiratory syndrome [18,19].

The overall findings suggest that CT is not currently suitable as a first-line tool for screening out COVID-19,
but must serve as a supplement or an alternative in case of a suspected false-negative RT-PCR.

Chest CT can help radiologists further by providing a visual assessment of the abnormalities in a patient’s
lungs infected with SARS-CoV-2. The studies selected across the literature search consistently indicated
typical features of COVID-19 on CT: bilateral GGOs, consolidations, and crazy paving patterns in the lung
periphery and commonly in the posterior segments of the lobes [3,7,15,22,37]. The rapidity of CT means that
in emergency situations, patients who present with characteristic CT findings of COVID-19 and are awaiting
an RT-PCR result can be quickly isolated and appropriately managed [17]. Quantifying the severity of lung
lesions on CT also brings value to the clinical management of patients with COVID-19. Xiong et al. [23] first
found an increase in lung involvement, based on the total opacification score, between the initial and
follow-up CT scans. Next, there was a significant positive correlation between the number of days from
beginning of symptoms to the initial CT and the total score before treatment and hospital admission. This
result suggests that the time between symptom onset and the initial CT scan critically influence the level of
medical care in COVID-19 infection. Finally, the significant positive correlation between high fever on
initial presentation and the change in total score between initial CT and follow-up CT supported increased
body temperature in COVID-19 as a risk factor for adverse CT outcomes. Therefore, a high body temperature
necessitates careful monitoring for advancement of lung abnormalities that will lead to adjustment in
patient management.

One limitation is the small sample size. This calls for more investigations with more patients, which will give
a clearer indication of the value of CT. A disadvantage of CT, as previously mentioned, is that it can yield
false negatives in the early stages of the disease. In the review papers and primary literature extracted from
the search, the images and CT findings described only represented patients with symptoms of COVID-19.
Further study seems desirable to assess the careful monitoring of CT findings in asymptomatic patients to
detect and manage COVID-19 efficiently.

CT and COVID-19 Progression

Chest CT can enable clinicians to be vigilant of the progression of lung pathology in COVID-19. By using
staging methods as developed by Jin et al. and Yang et al., in combination with the patient’s risk factors,
physicians could predict the onset of severe complications [25,26]. This result suggests a need for further
study of the correlation between stages based on CT imaging and the progression of symptoms. Zhou et
al. presented changes in CT signs over the clinical course of COVID-19 by retrospectively comparing
incidences of thirteen signs in three groups (early rapid progressive stage, advanced stage, and absorption
stage) [27]. Given that the intensity of the CT signs was greater in the advanced stage (e.g., GGO + reticular
pattern, vacuolar sign, consolidation) than the rapid progressive stage (e.g., GGO, pleural thickening and
retraction), it can be inferred that lung parenchymal pathology worsened in disease progression. In addition,
the intensity of the signs decreased into the absorption stage while the incidence of repair indicators (e.g.,
subpleural line, bronchus distortion, fibrotic strips) increased. This could have suggested improvement in
lung pathology over time. The authors noted that despite this general pattern, some patients had individual
trajectories as their lung abnormalities were partially progressive and partially absorbed. This indicates that
radiologists must be aware of case-by-case monitoring for each patient with COVID-19 in addition to the
classical findings and changes seen on CT. Continued focus on consistent trends in CT features of COVID-19
while interpreting the diversity of CT results in relation to these trends could further unpack the complex
disease course of COVID-19.

There also needs to be a standard staging system that can limit subjectivity after analyzing the CT findings.
Scoring the severity of the CT image can be helpful in predicting the progression of COVID-19. As noted by
Yuan et al., the CT severity score was significantly higher in the mortality group than the survival group [28].
Han et al. demonstrated that through their scoring system, a cutoff score ≥ 18 based on parenchymal
involvement could predict fibrotic abnormalities in a six-month follow-up CT. Based on these findings, a
relatively high CT score can guide the medical team toward the most appropriate treatment and timeline for
follow-up imaging. However, the sample sizes in these investigations were small, and the two studies used
different scoring methods. Additional studies must enroll larger sample sizes and use consistent scoring
methods [29].
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X-Ray

The consolidations and GGOs seen in COVID-19 pneumonia are airspace opacities, and these are not seen as
well on chest X-rays as on CT. A review by Sanchez-Oro et al. [38] proposes that this could be the underlying
reason why chest X-ray has lower sensitivity than CT to COVID-19 pneumonia. They found that
parenchymal changes are most severe 6-11 days after the onset of symptoms, and this correlates well with
Goyal finding the most severe chest X-ray findings during days 9-11 and Wong et al. during days 10-12.
Goyal et al. conclude that their institution performing chest X-rays earlier in the course of the disease while
the airspace opacities were still too subtle for X-ray to detect could explain why his study, with only 20% of
patients demonstrating typical COVID-19 pneumonia, correlated with Wong’s study demonstrating a
sensitivity of 69% [31].

While CT remains the first line and best choice for imaging suspected COVID-19, chest X-ray remains a
valuable resource when other options are limited or unavailable. Furthermore, a radiologist’s ability to
detect COVID-19 on chest X-ray can further support finding incidental cases of COVID-19, and the grading
system produced by Goyal et al. is useful for predicting the care and management required for each patient
[31].

Lung Ultrasound

This literature review included 10 articles discussing LUS in the diagnosis and management of COVID-19.
The systematic review by Islam et al. warned that quantitative values should be interpreted with caution. A
formal assessment of the quality of articles included in the review revealed high or unclear risk of bias in
most studies. The sensitivity and specificity of LUS for diagnosing COVID-19 in a study that involved 100
participants were 96.8% and 62.3%, respectively [39]. A systematic review by Stogiannos et al. was also
consulted but it did not formally assess the quality of the articles included [30]. The study by Narinx et
al. comprised a relatively small sample and included only patients admitted to the emergency department.
Owing to the wide range of reported sensitivity and specificity values for LUS, along with the high risk of
bias in the studies consulted, we do not consider these values reliable [32,33].

In the two studies that examined LUS findings in COVID-19 patients, the most common features included
confluent B-lines (Figure 13). B-lines in ultrasound result due to discreet vertical reverberation artifacts that
originate from the pleural line. These can extend to the depth of the image without decreasing in intensity
and they tend to move synchronously with lung sliding. Due to their appearance these are commonly
referred to as ‘lung comets’ or ‘glass rockets’ (Figure 13a). This finding might indicate pleural effusion with
accompanying atelectasis. Multifocal consolidations (Figure 13b) indicate airspace opacification. Described
as a shred sign or fractal sign, is indicated by static images of subpleural hypoechoic regions that have
irregular (shredded) deep borders (fractal line), normally abutting aerated lung that has echogenic artifacts.
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FIGURE 13: Lung ultrasound images
13a: Confluent B lines on lung ultrasound indicating fluid within the lung.

13b: White arrows indicating subpleural consolidations on lung ultrasound.

In the two studies that examined LUS findings in COVID-19 patients, the most common features included
confluent B lines (Figure 13a) and multifocal consolidations (Figure 13b). Yasukawa and Minami [40] studied
a small sample of 10 patients; however, their results were consistent with previous studies. Deng et al.
examined a relatively large sample of 72 patients; however, not all the subjects who underwent LUS were
included [34]. Therefore, the results did not necessarily reflect the entire study population.

The benefits of investigations such as POCUS (point-of-care ultrasound) includes accessibility,
portability, cost-efficiency, and it can be done by trained personnel where the patients are being treated.
Based on necessity, this procedure may be performed by emergency room physicians, internists or by nurse
practitioners. A disadvantage of this is that the interpretation of the findings may vary based on the level of
training and availability of radiologists. Additionally, LUS reduces the risk of exposure between patients and
healthcare professionals; therefore, its use could help mitigate the spread of COVID-19. Because it produces
no radiation, LUS is also suitable for managing pregnant women with COVID-19. A significant disadvantage
of LUS is the low reported specificity values [41]. Also, aerated lungs during LUS could prevent the detection
of deeper lesions. For these reasons, the authors suggest that LUS should complement the management of
patients with COVID-19, particularly pregnant women, but the findings should be confirmed by RT-PCR or
chest CT. 

Limitations
This research is subject to several limitations. First, most of the studies examined relatively small samples.
As mentioned previously, the WHO has reported about 180 million cases of COVID-19; most studies had
sample sizes of less than 50 patients, extremely small compared to the overwhelming number of patients
affected by COVID-19. This could compromise the reliability and external validity of the results.
Additionally, the authors of this review did not assess study quality formally, and only three of the review

2023 Rajaram-Gilkes et al. Cureus 15(3): e36825. DOI 10.7759/cureus.36825 14 of 16

https://assets.cureus.com/uploads/figure/file/567173/lightbox_b212c990bfcd11eda6224bdb44f5f5c0-Fig-13.png
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)


articles cited included such formal assessments. The QUADAS-2 assessment in these three articles revealed
high or unclear risk of bias in most of the studies included in their respective literature reviews. It is also
possible that the sensitivity and specificity of radiological methods could be overestimated owing to
publication bias and bias towards symptomatic patients. Further research is needed to understand how the
various radiological methods perform against RT-PCR testing on asymptomatic patients. Another limitation
that could affect the reported sensitivities and specificities of the radiological methods is that most of the
studies used RT-PCR as the reference standard; however, RT-PCR has imperfect sensitivity and a significant
false-negative rate. Finally, it is worth noting that all the studies were conducted over a period of two
months, particularly the early months of the pandemic from January to May 2020, and therefore represent
only a snapshot in time of the current research.

Conclusions
This literature review supports the opinion that CT is the most reliable radiological tool for diagnosing and
managing patients based on the progression of a COVID-19 infection. CT is especially indicated in
conjunction with RT-PCR, in part because RT-PCR yields a significant percentage of false negative test
results. With CT, physicians could pinpoint the onset and progression of the disease and administer
appropriate medical interventions. The review indicates that chest X-rays and ultrasound serve as valuable
technological resources in COVID-19 diagnosis and management, especially when CT is unavailable or
contraindicated. Having analyzed the gaps and weaknesses, such as limited sample size and accessibility, as
mentioned in these articles, it will be important for clinicians to analyze emerging studies and data to
determine which radiological investigation is best suited to diagnosing and managing COVID-19 patients.

Additional Information
Disclosures
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References
1. Gaia C, Maria Chiara C, Silvia L, et al.: Chest CT for early detection and management of coronavirus disease

(COVID-19): a report of 314 patients admitted to emergency department with suspected pneumonia. Radiol
Med. 2020, 125:931-42. 10.1007/s11547-020-01256-1

2. Coronavirus disease (COVID-19). World Health Organization . Accessed: July 13, 2021:
https://www.who.int/emergencies/diseases/novel-coronavirus-2019.

3. Abbasi-Oshaghi E, Mirzaei F, Farahani F, Khodadadi I, Tayebinia H: Diagnosis and treatment of coronavirus
disease 2019 (COVID-19): laboratory, PCR, and chest CT imaging findings. Int J Surg. 2020, 79:143-53.
10.1016/j.ijsu.2020.05.018

4. Sharma A, Ahmad Farouk I, Lal SK: COVID-19: a review on the novel coronavirus disease evolution,
transmission, detection, control and prevention. Viruses. 2021, 13:202. 10.3390/v13020202

5. Kaufman AE, Naidu S, Ramachandran S, Kaufman DS, Fayad ZA, Mani V: Review of radiographic findings in
COVID-19. World J Radiol. 2020, 12:142-55. 10.4329/wjr.v12.i8.142

6. Carpenter CR, Mudd PA, West CP, Wilber E, Wilber ST: Diagnosing COVID-19 in the emergency
department: a scoping review of clinical examinations, laboratory tests, imaging accuracy, and biases. Acad
Emerg Med. 2020, 27:653-70. 10.1111/acem.14048

7. Martínez Chamorro E, Díez Tascón A, Ibáñez Sanz L, Ossaba Vélez S, Borruel Nacenta S: Radiologic
diagnosis of patients with COVID-19. 2021, 63:56-73. 10.1016/j.rxeng.2020.11.001

8. 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, 215:834-8.
10.2214/AJR.20.23418

9. Machnicki S, Patel D, Singh A, et al.: The usefulness of chest CT imaging in patients with suspected or
diagnosed COVID-19: a review of literature. Chest. 2021, 160:652-70. 10.1016/j.chest.2021.04.004

10. Normal chest x-ray. (2010). Accessed: July 16, 2021: https://radiopaedia.org/cases/normal-chest-x-ray?
lang=us.

11. Aljondi R, Alghamdi S: Diagnostic value of imaging modalities for COVID-19: scoping review . J Med Internet
Res. 2020, 22:e19673. 10.2196/19673

12. Kalra MK, Homayounieh F, Arru C, Holmberg O, Vassileva J: Chest CT practice and protocols for COVID-19
from radiation dose management perspective. Eur Radiol. 2020, 30:6554-60. 10.1007/s00330-020-07034-x

13. Ground-glass opacification. (2008). Accessed: July 13, 2021: https://radiopaedia.org/articles/ground-glass-
opacification-3.

14. 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, 30:4381-9. 10.1007/s00330-020-06801-0

15. Kwee TC, Kwee RM: Chest CT in COVID-19: what the radiologist needs to know . Radiographics. 2020,
40:1848-65. 10.1148/rg.2020200159

16. Prokop M, van Everdingen W, van Rees Vellinga T, et al.: CO-RADS: a categorical CT assessment scheme for
patients suspected of having COVID-19-definition and evaluation. Radiology. 2020, 296:E97-E104.

2023 Rajaram-Gilkes et al. Cureus 15(3): e36825. DOI 10.7759/cureus.36825 15 of 16

https://dx.doi.org/10.1007/s11547-020-01256-1
https://dx.doi.org/10.1007/s11547-020-01256-1
https://www.who.int/emergencies/diseases/novel-coronavirus-2019
https://www.who.int/emergencies/diseases/novel-coronavirus-2019
https://dx.doi.org/10.1016/j.ijsu.2020.05.018
https://dx.doi.org/10.1016/j.ijsu.2020.05.018
https://dx.doi.org/10.3390/v13020202
https://dx.doi.org/10.3390/v13020202
https://dx.doi.org/10.4329/wjr.v12.i8.142
https://dx.doi.org/10.4329/wjr.v12.i8.142
https://dx.doi.org/10.1111/acem.14048
https://dx.doi.org/10.1111/acem.14048
https://dx.doi.org/10.1016/j.rxeng.2020.11.001
https://dx.doi.org/10.1016/j.rxeng.2020.11.001
https://dx.doi.org/10.2214/AJR.20.23418
https://dx.doi.org/10.2214/AJR.20.23418
https://dx.doi.org/10.1016/j.chest.2021.04.004
https://dx.doi.org/10.1016/j.chest.2021.04.004
https://radiopaedia.org/cases/normal-chest-x-ray?lang=us
https://radiopaedia.org/cases/normal-chest-x-ray?lang=us
https://dx.doi.org/10.2196/19673
https://dx.doi.org/10.2196/19673
https://dx.doi.org/10.1007/s00330-020-07034-x
https://dx.doi.org/10.1007/s00330-020-07034-x
https://radiopaedia.org/articles/ground-glass-opacification-3
https://radiopaedia.org/articles/ground-glass-opacification-3
https://dx.doi.org/10.1007/s00330-020-06801-0
https://dx.doi.org/10.1007/s00330-020-06801-0
https://dx.doi.org/10.1148/rg.2020200159
https://dx.doi.org/10.1148/rg.2020200159
https://dx.doi.org/10.1148/radiol.2020201473


10.1148/radiol.2020201473
17. Li M: Chest CT features and their role in COVID-19 . Radiol Infect Dis. 2020, 7:51-4.

10.1016/j.jrid.2020.04.001
18. 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:E115-7. 10.1148/radiol.2020200432
19. Ai T, Yang Z, Hou H, et al.: Correlation of chest CT and RT-PCR testing for coronavirus disease 2019

(COVID-19) in China: a report of 1014 cases. Radiology. 2020, 296:E32-40. 10.1148/radiol.2020200642
20. Duarte ML, Santos LR, Contenças AC, Iared W, Peccin MS, Atallah ÁN: Reverse-transcriptase polymerase

chain reaction versus chest computed tomography for detecting early symptoms of COVID-19. A diagnostic
accuracy systematic review and meta-analysis. Sao Paulo Med J. 2020, 138:422-32. 10.1590/1516-
3180.2020.034306072020

21. Salehi-Pourmehr H, Pourfathi H, Tarzamni MK, et al.: Diagnostic value of chest CT in Iranian patients with
suspected COVID-19. Caspian J Intern Med. 2020, 11:527-30. 10.22088/cjim.11.0.527

22. Lee EY, Ng MY, Khong PL: COVID-19 pneumonia: what has CT taught us? . Lancet Infect Dis. 2020, 20:384-
5. 10.1016/S1473-3099(20)30134-1

23. Xiong Y, Sun D, Liu Y, Fan Y, Zhao L, Li X, Zhu W: Clinical and high-resolution CT features of the COVID-19
infection: comparison of the initial and follow-up changes. Invest Radiol. 2020, 55:332-9.
10.1097/RLI.0000000000000674

24. Turcato G, Zaboli A, Panebianco L, et al.: Clinical application of the COVID-19 Reporting and Data System
(CO-RADS) in patients with suspected SARS-CoV-2 infection: observational study in an emergency
department. Clin Radiol. 2021, 76:74.e23-9. 10.1016/j.crad.2020.10.007

25. Jin YH, Cai L, Cheng ZS, et al.: A rapid advice guideline for the diagnosis and treatment of 2019 novel
coronavirus (2019-nCoV) infected pneumonia (standard version). Mil Med Res. 2020, 7:4. 10.1186/s40779-
020-0233-6

26. Yang W, Sirajuddin A, Zhang X, Liu G, Teng Z, Zhao S, Lu M: The role of imaging in 2019 novel coronavirus
pneumonia (COVID-19). Eur Radiol. 2020, 30:4874-82. 10.1007/s00330-020-06827-4

27. Zhou S, Wang Y, Zhu T, Xia L: CT features of coronavirus disease 2019 (COVID-19) pneumonia in 62
patients in Wuhan, China. AJR Am J Roentgenol. 2020, 214:1287-94. 10.2214/AJR.20.22975

28. Yuan M, Yin W, Tao Z, Tan W, Hu Y: Association of radiologic findings with mortality of patients infected
with 2019 novel coronavirus in Wuhan, China. PLoS One. 2020, 15:e0230548. 10.1371/journal.pone.0230548

29. Han R, Huang L, Jiang H, Dong J, Peng H, Zhang D: Early clinical and CT manifestations of coronavirus
disease 2019 (COVID-19) pneumonia. AJR Am J Roentgenol. 2020, 215:338-43. 10.2214/AJR.20.22961

30. Wang Y, Dong C, Hu Y, et al.: Temporal changes of CT findings in 90 patients with COVID-19 pneumonia: a
longitudinal study. Radiology. 2020, 296:E55-64. 10.1148/radiol.2020200843

31. Goyal A, Tiwari R, Bagarhatta M, Ashwini B, Rathi B, Bhandari S: Role of portable chest radiography in
management of COVID-19: experience of 422 patients from a tertiary care center in India. Indian J Radiol
Imaging. 2021, 31:S94-S100. 10.4103/ijri.IJRI_480_20

32. Stogiannos N, Fotopoulos D, Woznitza N, Malamateniou C: COVID-19 in the radiology department: what
radiographers need to know. Radiography (Lond). 2020, 26:254-63. 10.1016/j.radi.2020.05.012

33. Narinx N, Smismans A, Symons R, Frans J, Demeyere A, Gillis M: Feasibility of using point-of-care lung
ultrasound for early triage of COVID-19 patients in the emergency room. Emerg Radiol. 2020, 27:663-70.
10.1007/s10140-020-01849-3

34. Deng Q, Zhang Y, Wang H, et al.: Semiquantitative lung ultrasound scores in the evaluation and follow-up
of critically ill patients with COVID-19: a single-center study. Acad Radiol. 2020, 27:1363-72.
10.1016/j.acra.2020.07.002

35. Güneyli S, Atçeken Z, Doğan H, Altınmakas E, Atasoy KÇ: Radiological approach to COVID-19 pneumonia
with an emphasis on chest CT. Diagn Interv Radiol. 2020, 26:323-32. 10.5152/dir.2020.20260

36. Li J, Long X, Wang X, et al.: Radiology indispensable for tracking COVID-19. Diagn Interv Imaging. 2021,
102:69-75. 10.1016/j.diii.2020.11.008

37. Chua F, Armstrong-James D, Desai SR, et al.: The role of CT in case ascertainment and management of
COVID-19 pneumonia in the UK: insights from high-incidence regions. Lancet Respir Med. 2020, 8:438-40.
10.1016/S2213-2600(20)30132-6

38. Sánchez-Oro R, Torres Nuez J, Martínez-Sanz G: Radiological findings for diagnosis of SARS-CoV-2
pneumonia (COVID-19). Med Clin (Engl Ed). 2020, 155:36-40. 10.1016/j.medcle.2020.03.004

39. Islam N, Salameh JP, Leeflang MM, et al.: Thoracic imaging tests for the diagnosis of COVID-19 . Cochrane
Database Syst Rev. 2020, 11:CD013639. 10.1002/14651858.CD013639.pub3

40. Yasukawa K, Minami T: Point-of-care lung ultrasound findings in patients with COVID-19 pneumonia . Am J
Trop Med Hyg. 2020, 102:1198-202. 10.4269/ajtmh.20-0280

41. Zhou S, Zhu T, Wang Y, Xia L: Imaging features and evolution on CT in 100 COVID-19 pneumonia patients
in Wuhan, China. Eur Radiol. 2020, 30:5446-54. 10.1007/s00330-020-06879-6

2023 Rajaram-Gilkes et al. Cureus 15(3): e36825. DOI 10.7759/cureus.36825 16 of 16

https://dx.doi.org/10.1148/radiol.2020201473
https://dx.doi.org/10.1016/j.jrid.2020.04.001
https://dx.doi.org/10.1016/j.jrid.2020.04.001
https://dx.doi.org/10.1148/radiol.2020200432
https://dx.doi.org/10.1148/radiol.2020200432
https://dx.doi.org/10.1148/radiol.2020200642
https://dx.doi.org/10.1148/radiol.2020200642
https://dx.doi.org/10.1590/1516-3180.2020.034306072020
https://dx.doi.org/10.1590/1516-3180.2020.034306072020
https://dx.doi.org/10.22088/cjim.11.0.527
https://dx.doi.org/10.22088/cjim.11.0.527
https://dx.doi.org/10.1016/S1473-3099(20)30134-1
https://dx.doi.org/10.1016/S1473-3099(20)30134-1
https://dx.doi.org/10.1097/RLI.0000000000000674
https://dx.doi.org/10.1097/RLI.0000000000000674
https://dx.doi.org/10.1016/j.crad.2020.10.007
https://dx.doi.org/10.1016/j.crad.2020.10.007
https://dx.doi.org/10.1186/s40779-020-0233-6
https://dx.doi.org/10.1186/s40779-020-0233-6
https://dx.doi.org/10.1007/s00330-020-06827-4
https://dx.doi.org/10.1007/s00330-020-06827-4
https://dx.doi.org/10.2214/AJR.20.22975
https://dx.doi.org/10.2214/AJR.20.22975
https://dx.doi.org/10.1371/journal.pone.0230548
https://dx.doi.org/10.1371/journal.pone.0230548
https://dx.doi.org/10.2214/AJR.20.22961
https://dx.doi.org/10.2214/AJR.20.22961
https://dx.doi.org/10.1148/radiol.2020200843
https://dx.doi.org/10.1148/radiol.2020200843
https://dx.doi.org/10.4103/ijri.IJRI_480_20
https://dx.doi.org/10.4103/ijri.IJRI_480_20
https://dx.doi.org/10.1016/j.radi.2020.05.012
https://dx.doi.org/10.1016/j.radi.2020.05.012
https://dx.doi.org/10.1007/s10140-020-01849-3
https://dx.doi.org/10.1007/s10140-020-01849-3
https://dx.doi.org/10.1016/j.acra.2020.07.002
https://dx.doi.org/10.1016/j.acra.2020.07.002
https://dx.doi.org/10.5152/dir.2020.20260
https://dx.doi.org/10.5152/dir.2020.20260
https://dx.doi.org/10.1016/j.diii.2020.11.008
https://dx.doi.org/10.1016/j.diii.2020.11.008
https://dx.doi.org/10.1016/S2213-2600(20)30132-6
https://dx.doi.org/10.1016/S2213-2600(20)30132-6
https://dx.doi.org/10.1016/j.medcle.2020.03.004
https://dx.doi.org/10.1016/j.medcle.2020.03.004
https://dx.doi.org/10.1002/14651858.CD013639.pub3
https://dx.doi.org/10.1002/14651858.CD013639.pub3
https://dx.doi.org/10.4269/ajtmh.20-0280
https://dx.doi.org/10.4269/ajtmh.20-0280
https://dx.doi.org/10.1007/s00330-020-06879-6
https://dx.doi.org/10.1007/s00330-020-06879-6

	A Review of Crucial Radiological Investigations in the Management of COVID-19 Cases
	Abstract
	Introduction And Background
	FIGURE 1: X-ray images of healthy chest and lungs
	FIGURE 2: Normal chest ultrasound images
	FIGURE 3: Lung ultrasound images
	FIGURE 4: CT image of a healthy lung

	Review
	Methods
	FIGURE 5: PRISMA flow chart of literature review.

	Results
	FIGURE 6: Axial non-enhanced chest CT image
	FIGURE 7: CT chest images showing dense consolidation
	FIGURE 8: CT images showing various extents of consolidation and areas of GGO within both lungs
	FIGURE 9: Area of consolidations within lungs of COVID-19-positive cases
	FIGURE 10: Findings within lungs at different stages of COVID-19
	FIGURE 11: CT chest after 2-3 weeks of symptom onset
	FIGURE 12: Pulmonary changes with progression of the disease

	Discussion
	FIGURE 13: Lung ultrasound images

	Limitations

	Conclusions
	Additional Information
	Disclosures

	References


