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COVID-19 Associated Pneumonia
A review of chest radiograph and computed tomography findings
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ABSTRACT: Medical imaging, including chest radiography and computed tomography, plays a major role in the
diagnosis and follow-up of patients with COVID-19 associated pneumonia. This review aims to summarise current
information on this topic based on the existing literature. A search of the Google Scholar (Google LLC, Mountain
View, California, USA) and MEDLINE® (National Library of Medicine, Bethesda, Maryland, USA) databases was
conducted for articles published until April 2020. A total of 30 articles involving 4,002 patients were identified.
The most frequently reported imaging findings were bilateral ground glass and consolidative pulmonary opacities
with a predominant lower lobe and peripheral subpleural distribution.

Keywords: COVID-19; Viral Pneumonia; Diagnostic Imaging; X-Ray Computed Tomography; Radiography;
Review.
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N DECEMBER 2019, AN OUTBREAK OF SEVERE

pneumonia of unknown aetiology emerged in

Wuhan, China; by January 2020, the infectious
illness was termed COVID-19 and the causative virus
identified as a novel strain of betacoronavirus, specif-
ically severe acute respiratory syndrome (SARS)
coronavirus 2 (CoV-2).! Since then, cases of COVID-19
have rapidly spread worldwide as a result of human-
to-human transmission, with a total of 2,668,135
confirmed cases and 190,236 deaths globally as of April
2020.> Common clinical symptoms of COVID-19
include coughing and fever, while other symptoms
such as chest pain, muscle ache, abdominal pain or
diarrhoea, pharyngeal discomfort, headaches and
dizziness are less frequent.>

In most cases, a diagnosis of COVID-19 is based
on a combination of clinical findings and positive
results from a real-time polymerase chain reaction
(RT-PCR) assay of specimens and aspirates from the
upper respiratory tract, bronchia or trachea.® However,
medical imaging modalities, including chest radiography
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and computed tomography (CT), have proven to hold
high diagnostic sensitivity and can act as a supplement
to RT-PCR testing in establishing the diagnosis.”
Moreover, such imaging is essential in monitoring
disease progression during the admission period. This
article provides an overview of the available evidence
regarding characteristic chest radiograph and CT
findings among patients with COVID-19 associated
pneumonia, illustrated by cases from the authors’ own
experience at the Royal Hospital, Muscat, Oman.

Methods

This non-systematic narrative review was performed
in April 2020. A search was conducted of the Google
Scholar (Google LLC, Mountain View, California, USA)
and MEDLINE® (National Library of Medicine, Bethesda,
Maryland, USA) databases to identify all English-
language research studies reporting chest radiograph
and CT findings of patients with confirmed diagnoses
of COVID-19 associated pneumonia. Articles were
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® Focus on a paediatric population (n = 1)
© |ack of detailed imaging findings (n = 6)
® | ack of peer review (n = 1)

Figure 1: Flowchart showing the selection process used to identify articles included in the qualitative synthesis.

Table 1: Review of chest radiograph findings in studies of patients with COVID-19 (N = 2)*#

Author Sample = Mean/ Male/female

and year of size median  distribution No

publication agein abnormality
years

Lomoro et 137 66.3 36/22* 5(15.6)

al' (2020)

Wong et al.” 64 56 26/38 13 (20.3)

(2020)

Chest radiograph findings,n (%)

CONS GGO Increased PE Distribution/
hazy predominance
opacity

15 (46.9) - 12 (37.5) - « Bilateral: 25 (78.1)
« Unilateral: 2 (6.2)
« Neither bilateral
nor unilateral: 5
(15.6)

30 (47) 21 (33) - 2 (3) . Bilateral: 32 (50)

« Unilateral, right
lung: 10 (16)

« Unilateral, left
lung: 9 (14)

« Peripheral: 26 (41)
« Perihilar: 6 (9)

» Neither
peripheral nor
perihilar: 19 (30)
« Lower zone: 32
(50)

CONS = consolidation; GGO = ground glass opacity; PE = pleural effusion. *Out of a total of 58 patients, including 22 who underwent chest ultraso-
nography, 32 who underwent chest radiography and 42 who underwent computed tomography.

identified using a combination of search terms inc-
luding “coronavirus’, “SARS-CoV-2’, "COVID-19,
“‘computed tomography” and “chest radiograph”

Following the initial search, the titles and
abstracts of all articles were screened for eligibility by
two reviewers [Figure 1]. Only peer-reviewed studies
published in English as of April 2020 with extractable
full texts and conducted on humans were included in
the review. Studies with no medical imaging findings,
those focusing on paediatric populations and those
involving fewer than 10 cases were excluded, as
were case reports, editorials, letters to the editor and
systematic and pictorial reviews.

Subsequently, important data regarding chest
radiograph and CT findings were extracted from
the studies, including lung parenchymal findings

(i.e. the presence of ground glass opacities [GGOs],
consolidation, crazy paving, interstitial thickening/
reticulation and fibrotic streaks/lineal opacities), pleural
findings (i.e. the presence of pleural effusion and pleural
thickening/retraction) and lymph node findings (i.e.
the presence of lymphadenopathy).

Results

A total of 30 studies involving the chest radiograph and
CT findings of patients with COVID-19 associated
pneumonia were identified and included in the
analysis.**” Overall, these studies involved a total of
4,002 patients with confirmed COVID-19 diagnoses.

The mean age was 49.6 years.5%
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Chest radiograph findings were reported in only
two studies [Table 1].2* Lomoro et al. confirmed
bilateral lung consolidation to be the most common
chest radiograph finding among 32 patients with
COVID-19.2 Similarly, Wong et al. found bilateral
and lower lung peripheral consolidation to be most
frequent among 64 patients.”

In contrast, chest CT findings were reported
in 29 studies [Table 2].5-2%3-%7 The most common CT
findings were GGOs followed by consolidation.®%3%-
Such features were usually bilateral with predominant
lower lobe and peripheral subpleural distribution.
Another common finding was crazy paving (5-
70.6%).07111417-21,2430323437 Notably, pleural effusion and
lymphadenopathy were reported in a minority of patients
(1-13.9% and 1—14.3%, respectively).’-11:19-21,2627:30-34,36,37
Other uncommon manifestations included interstitial
thickening/reticulation, linear opacities/fibrotic streaks,
pleural thickening, reverse halo signs, pulmonary

nodules, air bronchograms and vascular enlarge-
ment 8,10,11,13,16,22,25-27,31,32,34,36,37

Discussion

Medical imaging can help to supplement RT-PCR
assay results in the diagnosis of COVID-19 by
showing characteristic imaging findings. In fact,
Fang et al. demonstrated that the sensitivity of chest
CT imaging was actually higher than that of RT-PCR
assay results (98% versus 71%)."> Similarly, in a recent
meta-analysis, Kim et al. reported that chest CT had
a high sensitivity in the diagnosis of COVID-19 (rate:
94%, 95% confidence interval: 91-96%).38 Falaschi et
al. also reported the sensitivity, specificity, positive
predictive value, negative predictive value and
accuracy of CT imaging in the identification of SARS-
CoV-2 infections to be 90.7%, 78.8%, 86.4%, 85.1%
and 85.9%, respectively.” Moreover, chest CT scans
have been able to detect COVID-19 associated lung
changes even in asymptomatic patients.'s

Nevertheless, it is important to note that routine
CT screening is not currently recommended as a
method of identifying COVID-19 infections. According
to a statement issued by the Fleischner Society in
April 2020, the use of imaging is not indicated for
the purposes of triaging asymptomatic or mildly
symptomatic patients; instead, chest CT is advocated
only for COVID-19 patients with worsening respir-
atory statuses or those with moderate to severe
symptoms, regardless of RT-PCR test results.”

CHEST RADIOGRAPH FINDINGS

Thereisevidencetodemonstrate that chestradiography
is less sensitive in the early stages of COVID-19

eb |

compared to CT.” However, due to issues related to
infection control while transporting patients to the CT
room and the lack of availability of CT equipment in
many parts of the world, chest radiography is widely
accepted as an alternative imaging modality for the
identification and follow-up of lung abnormalities.*
Moreover, portable X-ray machines can be used to
image infected patients in isolation rooms, thereby
lowering the risk of avoidable infectious exposure along
the transport route. In addition, the low radiation dose
involved in radiography compared to CT makes it an
ideal imaging modality for follow-up purposes.*

In COVID-19 cases, the appearance of lung
changes on chest radiography is dependent on the
stage of disease. Initially, chest radiographs are usually
insensitive to mild changes in patients with early
disease; however, at later or more advanced stages,
radiograph abnormalities are usually apparent.” Based
on the results of the current review, the most common
radiograph findings in patients with COVID-19 assoc-
iated pneumonia included consolidation, GGOs or
increased hazy opacity, most frequently bilateral with
a lower lobe and peripheral subpleural predominance
[Figure 2].2"* However, these findings can overlap with
those observed in other forms of viral pneumonia; as
such, chest radiograph findings should be interpreted
in view of the specific clinical context of the patient.*?

CHEST COMPUTED TOMOGRAPHY
FINDINGS

As demonstrated by the present review, a wide variety
of CT findings for COVID-19 have been reported in
the literature.®%0-% Of these, the most frequently
reported were GGOs, either as an isolated abnormality
or combined with other features such as consolidation,
crazy paving, interstitial thickening/reticulation and
linear opacities/fibrotic streaks.®2*-%" Such findings
tended to be bilateral, multifocal and with a lower lobe
peripheral subpleural predominance [Figure 3].

Incontrast, pleural effusion, pleural thickeningand
lymphadenopathy were uncommon CT findings in
patients with COVID-19 associated pneumonia.®*-2%
262730343637 Other rare findings reportedly include
organising pneumonia and both reversed halo and
halo signs; however, such features have been reported
in only a few case series and are not specific to
COVID-19 associated pneumonia.*-** The underlying
pathological mechanism of such findings is unclear;
however, it is thought that they represent the healing
process of lung injuries related to COVID-19 infection.

As with radiography, CT findings in COVID-19
patients appear to vary according to different disease
stages.”*”” Typical CT manifestations in the ultra-early
stage (i.e. 1-2 weeks after exposure, when patients are
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Table 2: Review of computed tomography findings in studies of patients with COVID-19 (N = 29)%-2830-%
CT findings, n (%)

Author
and year of
public-
ation

Aietal®
(2020)

Bai et al’
(2020)

Bernheim et
al.’® (2020)

Chate et al."
(2020)

Chen et al.”?
(2020)

Cheng et al.”®
(2020)

Chung et al.*
(2020)

Fang et al.’®
(2020)

Guan et al.'®
(2020)

Han et al."”
(2020)

Inui et al.’®
(2020)

Lietal
(2020)

Lietal®
(2020)

Lomoro et
al® (2020)

Meng et al.*
(2020)

Ng et al®
(2020)

Pan et al**
(2020)

Pan et al®
(2020)

Shi et al.®®
(2020)

Song et al ¥
(2020)

Wang et al.*®
(2020)

Wu et al®
(2020)

Sample

size

888

219

121

12

99

11

21

51

1,099

108

104

83

51

42"

58

21

21

63

81

51

138

80

Mean/
median

age in
years

51

45

45

51

45

47

62

45.5

58

66.3"

42.6

56

40

44.9

49.5

49

56

Male/
female
distrib-
ution

119/100

61/60

67/32

8/3

13/8

29/22

640/459

38/70

54/50

44/39

28/23

36/22*

26/32

13/8

6/15

33/30

42/39

25/26

75/63

42/38

CONS

447 (50)

150 (69)

6 (54.5)

13 (62)

19 (90)

12 (19)

14 (17.3)

28 (55)

50 (63)

GGO

409 (46)

200 (91)

41 (34)

12 (100)

14 (14)

11 (100)

12 (57)

550 (50)

65 (60)

22 (21)

81(97.6)

18(35.3)

15 (35.7)

30 (51.7)

18 (86)

15 (71)

54.(85.7)

53 (65.5)

39 (77)

138(100)

73 (91)

Both
CONS
and
GGO

50 (51)

44 (41)

30 (29)

28 (54.9)

25 (59.5)

30 (59)

Crazy ITR FS or PE
paving linear
opacity
- 8(1) B B
11 (5) - 111 (51) 9 (4)
6 (5) - 9(7)  1(D)
7 (58) - = 1(8)
- 9(818) 2(18.2) -
4(19) - 3(14) -
- 143 (13) - -
43 (40) - - -
11 (11) . . .
30 (36.1) - 54(65.1) 7 (8.4)
36 (70.6) - - 1(2)
24 (57.1) - 21(50) 3(7.1)
4(19) - - -
- . 11 (17.5) -
- 3(3.7) - 4 (4.9)
= = 1(2) 4(8)
23 (29) - = 5(6)

PT or
retraction

32 (15)

26 (32.1)

LAP

6(3)

6(14.3)

5(6.2)

3(6)

Distribution/ predominance

« Bilateral: 801 (90)

« Unilateral: 41F (19)

« Bilateral: 165 (75)

« Central: 3 (1)

« Peripheral: 176 (80)

« Both central and peripheral: 31 (14)

« Bilateral: 73 (60)
« Peripheral: 63 (52)

« Bilateral: 11 (92)
« Peripheral: 9 (75)
« Lower lobes: 8 (67)

« Bilateral: 74 (75)
« Unilateral: 25 (25)

« Peripheral: 11 (100)
« Right lower lobe: 8 (72.7)
« Left lower lobe: 7 (63.6)

« Bilateral: 16 (76)
« Unilateral: 2 (10)
« Peripheral: 7 (33)

« Peripheral: 36 (51)
« Lower lobes: 36 (51)

« Bilateral: 505 (46)

« Peripheral: 97 (90)
« Central: 2 (2)
« Both peripheral and central: 9 (8)

« Peripheral: 35 (34)
« Central: 4 (4)
« Mixed: 24 (23)

« Bilateral: 79 (95.2)
« Lower lobes: 80 (96.4%)

« Peripheral and subpleural: 49 (96.1)

« Peripheral: 27 (64.3)

« Central: 1 (2.4)

« Peripheral and central: 12 (28.6)

« Neither peripheral nor central: 2 (4.8)

« Bilateral: 24 (41.4)
« Peripheral: 44 (75.9)
« Central: 14 (24.1)

« Peripheral: 18 (86)
« Perihilar: 1 (5)

« Peripheral: 13 (62)
« Random: 7 (33)
« Diffuse: 1 (4.8)

« Unilateral: 17 (21)

« Bilateral: 64 (79)

« Central: 10 (12.4)

« Peripheral: 44 (54.3)

« Both central and peripheral: 27 (33.3)

« Bilateral: 44 (86)
« Lower lobes: 46 (90)
« Peripheral: 44 (86)

« Bilateral: 138 (100)

« Subpleural: 42 (53)
« Diffuse: 7 (9)

« Peribronchial: 3 (4)
« Mixed: 24 (30)

CT = computed tomography; CONS = consolidation; GGO = ground glass opacity; ITR = interstitial thickening or reticulation; FS = fibrotic streaks; PE = pleural effusion; PT = pleural
thickening; LAP = lymphadenopathy; inc. = including. *Out of a total of 58 patients, including 22 who underwent chest ultrasonography, 32 who underwent chest radiography and 42 who
underwent CT. +Within the lobes of 41 moderate/severe/critically ill patients.
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Table 2 (cont'd): Review of computed tomography findings in studies of patients with COVID-19 (N = 29)8-2830-37

Author Sample Mean/ Male/ CT findings, n (%)
and year of size  median  female ¢ GGo  Both  Crazy ITR  FSor PE PTor  LAP Distribution/ predominance
public- age in distrib- . . .
. . CONS  paving linear retraction
ation years ution .
and opacity
GGO
Xu et al® 90 50 39/51  12(13)  65(72) - 11(12) 33(37) 55(61) 4(4) 50(56)  1(1) -« Peripheral: 46 (51)
(2020) « Bilateral: 53 (59)
» Lower lobes: 47 (52)
« Upper lobes: 40 (44)
Xu et al® 50 439 29/21 15 (30) 30 (60) 25 (50) - - - 4.(8) - - o Peripheralf: 39 (95.1)
(2020) « Central®: 19 (46.3)
« Peripheral involving central’: 23
(56.1)
. Symmetricalf: 26 (63.4)
Zhang et al.** 120 45.4 43/77 62 (52) 107 (89) - 30 (25) - 75 (63) 9(8) - 5(4)  « Bilateral: 68 (57)
(2020) « Peripheral: 109 (91)
« Central: 39 (33)
Zhao et al*® 19 48 11/8 - 17 (89.47) - = o o - - - « Bilateral: 15 (78.95)
(2020)
Zhao et al® 101 44.44 56/45  44(436) 87(86.1) 65 - 49 (48.5) - 14(139) - 1(1) -« Unilateral: 10 (9.9)
(2020) (64.4) « Bilateral: 83 (82.2)
« Peripheral: 88 (87.1)
« Lower lobes: 55 (54.5)
« Upper lobes: 6 (5.9)
Zhou et al.” 62 52.8 39/23  21(339) 25 (40.3) - 39 (62.9) - 35(565) 6(9.7) 35 (565) -+ Peripheral: 48 (77.4)
(2020) « Both peripheral and central: 14 (22.6)

CT = computed tomography; CONS = consolidation; GGO = ground glass opacity; ITR = interstitial thickening or reticulation; FS = fibrotic streaks; PE = pleural effusion; PT = pleural thickening;
LAP = lymphadenopathy; inc. = including. *Out of a total of 58 patients, including 22 who underwent chest ultrasonography, 32 who underwent chest radiography and 42 who underwent
CT. "Within the lobes of 41 moderate/severe/critically ill patients.

Figure 2: Chest X-rays of (A) a 67-year-old man with COVID-19 showing bilateral consolidation with a predominant
peripheral distribution (arrows) and (B) a 44-year-old women with COVID-19 showing bilateral consolidation with a
predominant lower lobe and peripheral distribution (arrows).

Figure 3: High-resolution axial chest computed tomography scans of (A) a 35-year-old male patient with COVID-19
showing right lower peripheral subpleural consolidation and ground glass opacity (GGO; arrows), (B) a 46-year-old male
patient with COVID-19 showing bilateral predominant peripheral subpleural consolidation and GGO (arrows), (C) a
62-year-old male patient with COVID-19 showing bilateral lower lobe consolidation (arrows) and (D) a 67-year-old male
patient with COVID-19 showing bilateral predominant peripheral subpleural consolidation and GGO (arrows) and
interlobular septal thickening with crazy paving involving the lingula (arrowhead).
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usually asymptomatic) include patchy consolidation
and air bronchograms, nodules surrounded by GGO
and single or multifocal GGOs, progressing to single
or multiple patchy GGOs or GGOs associated with
interlobular septal thickening in the early stage (i.e.
1-3 days after the onset of symptoms).** During
the rapid progression stage (i.e. 3-7 days after the
onset of symptoms), CT findings include large areas
of consolidation with air bronchograms. In the
consolidation stage (i.e. 7-14 days after the onset of
symptoms), the size and density of this consolidation
appears to regress. Finally, during the dissipation stage
(i.e. 2-3 weeks after the onset of symptoms), CT
imaging shows further regression of the consolidation
seen in the earlier stages, with a few residual patchy
and scattered areas associated with interlobular septal
thickening and the strip-like twisting of the bronchial
wall.* Pan et al. noted that 85% of 63 patients who
underwent follow-up chest CT scans within two
weeks of the initial scan showed signs associated with
disease progression, such as an increase in GGOs,
consolidative opacities, interstitial septal thickening
and pulmonary nodules.

In humans, coronaviruses can cause a variety of
respiratory illnesses ranging from the common cold to
severe pneumonia, including SARS and Middle East
respiratory syndrome (MERS).”* Chest CT findings
in COVID-19 cases can imitate manifestations of
both infectious and non-infectious disease, especially
those observed in other viral pneumonias. According
to a recent meta-analysis, Altmayer et al. found that
both COVID-19 associated and other types of viral
pneumonia had overlapping CT findings, except
for a higher prevalence of peripheral distribution
and involvement of the upper and middle lobes.*
Both SARS and MERS share common findings with
COVID-19 due to their similar pathogenesis.*’*¢
However, CT changes related to SARS and MERS
are commonly unifocal, as opposed to the multifocal
changes usually seen in COVID-19. Moreover,
reversed halo signs and pulmonary nodules have been
described in COVID-19 cases, but not in SARS and
MERS‘5,47,48

Similarly, several non-infectious conditions can
have similar CT manifestations to COVID-19, such
as organising pneumonia and interstitial lung changes
related to drug toxicity and radiation therapy.*
Therefore, both radiologists and clinicians should
remain aware of common conditions that can simulate
the appearance of COVID-19 associated pneumonia
on chest CT scans. In order to help decrease variability
and reduce uncertainty in reporting CT findings and
to allow for the better integration of such findings
into clinical decision-making, the Radiological Society

of North America have proposed four categories for
reporting CT findings in COVID-19 cases: (1) typical
appearance; (2) indeterminate appearance; (3) atypical
appearance; and (4) negative for pneumonia.*

It is important to acknowledge growing concern
that the increase in the utilisation of radiation-based
imaging during the current COVID-19 pandemic
could increase the radiation dose burden of the
population; this is particularly concerning because
ionising radiation increases the lifetime likelihood of
developing cancer.® Therefore, as suggested by the
International Commission on Radiological Protection,
the ALARA principle of reducing risk (i.e. “as low
as reasonably achievable”) should be followed in the
daily practice of radiology, even in the setting of
epidemic events.”” Moreover, this approach does
not necessarily reduce diagnostic efficacy, as recent
research has shown that low-dose chest CT scans
can be used with reliable sensitivity in the detection
of intrathoracic abnormalities including COVID-19
associated pneumonia.®®

LIMITATIONS

This review is subject to certain limitations. First, most
of the studies included in the analysis were descriptive,
non-blinded and heterogeneous in terms of sample
size, methodological quality and data availability,
potentially resulting in bias. Second, case series and
reports involving <10 patients were excluded, a factor
which might have precluded rare imaging findings
seen in COVID-19 patients. Finally, studies focusing
on the paediatric population were excluded; as such,
it is possible that chest CT and radiograph findings
among children may differ to those seen in the adult
population.

Conclusion

Medicalimagingisacritical componentin the diagnosis
and follow-up of patients with COVID-19 associated
pneumonia. Current evidence indicates that the
most common chest radiograph and CT findings are
bilateral predominant lower lobe peripheral subpleural
GGOs, with or without accompanying consolidation.
Awareness of these characteristic imaging features
is essential to ensure the appropriate integration of
such findings into the clinical management of affected
patients.
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