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Title: COVID-19 Computed Tomography Findings. A Systematic Review and

Meta-Analysis

Abstract

Purpose To date, there remain considerable knowledge gagearding the chest CT
imaging features of COVID-1%e performed a systematic review and meta-analysis
aimed to quantitatively summarize results from miiad studies to date to provide a
summary of evidence on detection of COVID-19 bystHeT and the expected CT
imaging manifestations.

Methods  Studies were identified by searching PubMed dambfor articles
published December 2019 — February 2020. Poolegpd@sltive rate of COVID-19
and pooled incidence of CT imaging findings wertnegted using a random-effect
model.

Results  Atotal of 13 studies met inclusion criteria. Thaofed positive rate of the
CT imaging was 89.76% and 90.35% when only inclgdinin-section chest CT.
Typical CT signs were ground glass opacities (GG&&3).31%), GGO with mixed
consolidation (58.42%), adjacent pleura thicken(dg@.46%), interlobular septal
thickening (48.46%), and air bronchograms (46.48%ther CT signs included crazy
paving pattern (14.81%), pleural effusion (5.88B¢hnchiectasis (5.42%), pericardial
effusion (4.55%) and lymphadenopathy (3.38%). Thastmanatomic distributions
were bilateral lung infection (78.2%) and periphedsstribution (76.95%). The

incidences were highest in the right lower lobe.2&%), left lower lobe (81.41%),



and bilateral lower lobes (65.22%). The right uplode (65.22%), right middle lobe
(54.95%) and left upper lobe (69.43%) were alsoroomly involved. The incidence
of bilateral upper lobes was 60.87%. A consideraitgortion of patients had 3 or
more lobes involved (70.81%).

Conclusions The detection of COVID-19 chest CT imaging is véngh among
symptomatic individuals at high risk, especiallyngsthin-section chest CT. The most
common CT features in patients affected by COVID-t@luded GGO and

consolidation involving the bilateral lungs in aipéeral distribution.



Key words COVID-19; thin-section chest computed tomography; iaging

findings; ground glass opacities; meta analysis

Beginning in December 2019, a number of cases pridfumonia of unexplained
cause occurred in Wuhan, Hubei province, China.pDsequencing from lower
respiratory tract samples confirmed infection cdubg a novel coronavirus which
had previously not been found in humans or anim&lsbsequently, this novel
coronavirus was named corona virus disease 201¥1([@Q@9) by the World Health
Organization[1]. COVID-19 infections cause clustefsevere respiratory illness and
its main clinical manifestations are fever, coughortness of breath and myalgia or
fatigue[2,3]. Not only patients with symptoms, kalso patients in the incubation
period, can become the source of infection. Theeef@arly diagnosis is very
important.

Radiological examinations, as a routine imaging for pneumonia diagnosis, is
of great importance in the early detection andttneat of patients affected by
COVID-19. Radiological examinations are relativebsy to perform and can produce
fast diagnosis. Chest radiography is not sensitivethe detection of ground-glass
opacity (GGO) and may demonstrate normal findimggarly stage of infection. In

contrast, thin-section chest CT examination plaisyarole in assisting diagnosis. To



date, there remains considerable knowledge gatigeichest CT imaging features of
COVID-19.

In this systematic review and meta-analysis, we taimuantitatively summarize
results from published studies to date in ordeprtavide a more precise estimate of
detection of COVID-19 by chest CT and report on thest common imaging

findings on chest CT imaging.

Materials and methods
Retrieval of studies

We searched PubMed for studies reporting CT imadgagures of COVID-19
published between 1 December 2019 to 29 Februd#t9.Zlhe search terms included
(COVID-19) OR (2019 Novel Coronavirus) OR (2019-nGo In addition, we
reviewed the reference lists of retrieved articlies additional articles. Two
independent investigators screened titles/abstracterding to the inclusion and

exclusion criteria. The meta-analysis was perforomdg PRISMA guidelines.

Inclusion and exclusion criteria

Titles and abstracts of the articles were screars#ag the following inclusion
criteria to identify all eligible studies: (1) on@l articles with full text; (2) the
mean/median age of the study population above Hsy€3) at least one of the
outcomes was chest CT imaging features of COVID{49;the number of patients

with corresponding imaging features was reporteithénstudy. Studies were excluded



if: (1) they lacked corresponding outcome paranseterresearch data; (2) did not
have available full texts. When there were multipleblications from the same
population, only data from the most recent reporthe study with the larger sample

size was included.

Data extraction

We extracted the following information from eachbpcation: the first author’s
full name, study sample size, mean/median age, egettidtribution, application of
thin-section chest CT, results of chest CT imadeagures and the number of patients
with each corresponding imaging features. The wEmbrchest CT imaging features
mainly included the following aspects: (1) patteofshe lesion (GGO; consolidation;
GGO mixed consolidation; air bronchogram; interlalbuseptal thickening; crazy
paving pattern; bronchiectasis; adjacent pleurackéming; pleural effusion;
pericardial effusion; lymphadenopathy); (2) lesialstribution (bilateral lung,
peripheral, central); and (3) lobe distribution atté number of lobes involved

(Figure 1).

Satistical analysis

In this systematic review and meta-analysis, wdgibdata using the single arm
analysis. Because some proportions extracted fhenotiginal data were too high or
too low, we transformed the data using the doultsie method into a normal
distribution. We conducted the meta-analysis usinggtransformed data. The pooled

proportion was calculated using the result of thetazanalysis by the formula



(P=(sin(tp/2)j). Statistical heterogeneity between studies waslueted with
Cochran’s Q test and thé statistic [4]. For the Q statistic, a p value 4@was
considered statistically significant for heteroggnefor 1>, a value >50% was
considered to have severe heterogeneity. Publicab@as was evaluated by
constructing a funnel plot and by Egger’s test fFjr Egger’s test, a p value < 0.10
was considered to be statistically significant. $tltistical analyses were performed

with Stata SE 13 for Windows.

Results

Characteristics of the subjectsin selected studies

Detailed search procedures are summarized in FRyuldl of the full texts of the
41 identified articles was retrieved for detaile@leation. Of them, 28 articles did not
meet the inclusion criteria, including 6 duplicateopulations, 15 case reports/case
series, 3 without related data, and 4 review adiclThe remaining 13 independent
studies were used in the current analysis [6-18th@se studies, 10 studies reported
one or more chest CT imaging signs [6-8,10-12,14-8]6 11 studies reported at least
one kind of lung distribution [6-8,10,11,13-18]studies reported the lobes and total
number of lobes involved [7,9,11,15,16].

The 13 studies had 2738 participants with 2386 rfiga@abnormal CT imaging
features. In the primary meta-analysis, we fourat the pooled positive rate of the
CT imaging was 89.76% (95%C34.42%, 93.84%) (Figure 3). When we excluded
the studies without mention of thin-section chest the result was 90.35% (95%CI:

83.68%, 95.42%).



Patterns of thelesion

In this meta-analysis, we found that typical CT ¢gwmg appearance for
COVID-19 patients was GGO. The incidence of GGO 8&81% (95% CI: 69.43%,
93.35%). When we excluded the studies without meandif thin-section chest CT, the
incidence of GGO was 85.49% (95% CI: 64.74%, 97 89ke incidence of GGO
with mixed consolidation was 58.42% (95%CI: 48.4@9%,58%). The incidences of
interlobular septal thickening, adjacent pleuralkbning and air bronchogram were
also high: 48.46% (95% CI: 11.44%, 86.19%), 52.46%% Cl:15.53%, 87.54%)
and 46.46% (95% CI: 17.76%, 76.95%) respectivehe incidence of crazy paving
pattern was 14.81% (95%CI: 6.61%, 25.99%). Othgpieal CT imaging findings
included bronchiectasi®.¢2%, 95% CI:0.02%, 19.31%pleural effusion (5.88%, 95%
Cl:3.38%, 8.73%), pericardial effusion (4.55%, 95@4: 2.09%, 7.90%) and

lymphadenopathy (3.38%, 95% CI: 1.00%, 6.86%) retspedy (Table 2).
Lesion distribution

We found that most patients with COVID-19 have teital lung infection; the
incidence was 78.2% (95%CI. 65.69%, 88.19%). When excluded the studies
without mention of thin-section chest CT, bilatdralg infection was seen in 81.80%
of patients (95% ClI: 73.94%, 88.51%). The lesiorsrevmostly located in the
peripheral area (76.95%, 95% CI: 57.43%, 91.50%\vd¥ lesions were located in the

central (peribronchovascular) area (10.81%, 95%0QR%, 41.50%) (Table 2).
Lobedistribution and number of lobesinvolved

COVID-19 infection can involve all lobes. In thisgded meta-analysis, we found

that the right lower lobe and left lower lobe wehe most commonly involved;



87.21% (95% CI: 80.23%, 92.84%) and 81.41% (95% ©8:1%, 86.53%),
respectively. The incidence of bilateral lower Ishgas 65.22% (95% CI: 55.95%,
73.94%). The right upper lobe and left upper loberavalso commonly involved;
65.22% (95%CI: 54.95%, 75.24%) and 69.43% (95%C9B®H, 79.02%),
respectively. The incidence of bilateral upper kheas 60.87% (95% CI. 51.46,
69.43%). More than half patients had right middibd infection (54.95%, 95% CI:
47.96%, 61.36%). There were 39.54% (95%CI: 33.748/)6%) of patients with all
lobes affected and 20.51% (95%CI: 13.76%, 28.22&4gpts with 4 lobes affected. A
significant proportion of patients had 3 or moréds involved (70.81%, 95% CI:

61.75%, 79.10%) (Table 2).
Publication bias

P values for Egger’s regression asymmetry tesslaoen in Table 3. There was a
low probability of publication bias in the followgn subgroups: GGO mixed
consolidation, air bronchogram, crazy paving pattgreural effusion, pericardial
effusion, lymphadenopathy, peripheral, lobe of desdistribution and number of
lobes involved. However, there was publication biaghe subgroup of abnormal
GGO, consolidation, and bilateral lung involvemeBecause there were only two
studies in the subgroup of bronchiectasis, adjaglenira thickening, central, bilateral

upper lobes and bilateral lower lobes, the pukbcabias could not be evaluated.

Discussion
Our systematic review and meta-analysis suggesas tiwe proportion of

COVID-19 detected by chest CT imaging is very highe most typical CT imaging



finding is GGO. Other common CT features in pasenffected by COVID-19
included consolidation, interlobular septal thickey adjacent pleura thickening, and
air bronchograms. More than half of the patientsifeated as GGO, consolidation
and adjacent pleura thickening. Imaging findingsstiyoinvolved the bilateral lungs
and were located in the peripheral area of theduiige infection can involve all the
lobes, and mostly the bilateral lower lobes.

Some patients who had negative reverse transamipiadymerase chain reaction
(RT-PCR) for COVID-19 at initial presentation maylshow chest CT abnormalities
[19]. Fang et al reported that the sensitivity i0$tfRT-PCR is 71%, which may be
lower than that of chest CT [20]. In our meta-asayof 2738 cases, the pooled
positive rate of CT imaging was 89.76% among p&tisaspected to have COVID-19.
Thus, chest CT plays an important role in the edidgnosis of COVID-19.

In this analysis, we found that the typical CT t@as of COVID-19 are GGO and
lung consolidation. Some of the GGO were furthevetlgped into reticular
interlobular septa thickening and “crazy pavingigral’, indicating that the infection
leads to diffuse alveolar edema and interstitilthmmatory [21,22]. Several patients
appeared to have pleural effusion, which may reea poor prognostic indicator
[23]. Generally, viral pneumonias have similar ketiical mechanisms and typical
imaging findings of COVID-19. Thus, these findingsso appear in other viral
pneumonia such as the common cold, influenza, dhdr @oronaviruses diseases
including SARS and MERS [24-28].

Since COVID-19, SARS and MERS all belong to famofycoronaviruses, the



CT imaging signs are more similar. Still, there egp to be unique imaging
characteristics for COVID-19. Unilateral involventiéa more common in the early
stage of SARS and MERS [29,30]. In contrast, CO\XEDinfection appears to be
more commonly bilateral. In this meta-analysis, mpatients had bilateral lung
involvement, especially the bilateral lower lob&serall, 70% of patients had 3 or
more lobes involved.

Our meta-analysis has several strengths. Firstntimber of cases included was
relatively large for 3 months of early publicatiopsoviding aggregate evidence for
evaluating diagnosis of COVID-19 by chest CT. Selcahe included studies were
conducted in different hospitals and settings, mgkhe results more generalizable.
Third, in this analysis, we extract varieties offetient imaging features, including
both specific imaging features and distributiortgrais in the lungs.

Our meta-analysis also has several limitationsstFr majority of the studies
included did not distinguish between clinically dhimoderate, and severe patients.
Furthermore, some patients may have co-morbidams$ chronic diseases such as
diabetes and hypertension that we cannot accouniThese factors may be affect
imaging appearances. Second, due to different Cadnners and interpreting

radiologists, the reported imaging features maydreable across sites.
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Figure 1 Baseline CT images (a-d) of a 50 year-old man adohibr symptoms of
fever for 1 day: there were multiple patchy growgtass opacities in the left upper
lobe and right lower lobe (a and b); air bronchagend crazy paving pattern can be

visible(c); the lesions located in the peripherakaof the lung(d).

Figure2 Flow chart on the articles selection process



Figure3 Forest plot of the studies for abnormal CT amoregpmed COVID-19

infection

Figure4 Forest plot of the studies for CT findings (GGOnsolidation, GGO with

mixed consolidation)



Table 1 Characteristics of 13 Reviewed Studies

Author Samplesize Mean/median Gender Thin-section CT CT imaging manifestations
age chest CT abnormal

Zhang Minggiang et 9 35 Male:5 Yes 7 GGO; consolidation; bilateral lung

al. Female:4 Pleural effusion

Fengxiang Song et al. 51 49 Male:25 Yes 51 GGO; consolidation; bilateral lung; perigtecentral; pleural effusion; pericardial
Female:26 effusion; lymphadenopathy

Yueying Pan et al. 63 44.9 Male:33 Yes 63 GGO; consolidation
Female:30

Jiong Wu et al. 80 44 Male:42 Yes 76 GGO; consolidation; interlobular septal keiting; crazy paving pattern; pleural
Female:38 effusion; pericardial effusion; lymphadenopathysijpleeral; central;

Adam Bernheimetal. 121 45.3 Male:61 Yes (22 with 94 GGO; consolidation; crazy paving pattern; pleuedfusion; bronchiectasis;
Female:60 conventional CT) lymphadenopathy; peripheral; central;

Tao Ai et al. 1014 51 Male:467 Yes 888 bilateral lung; GGO; consolidation; intbrtar septal thickening
Female:547

Heshui Shi et al. 81 49.5 Male:42 Yes 81 bilateral lung; GGO; consolidation; intetitdr septal thickening; adjacent pleure
Female:39 thickening; air bronchogram; pleural effusion; lebiectasis; lymphadenopathy;

peripheral;

WANG Jincheng et al. 52 44 Male:29 Yes 50 GGO; consolidation; interlobular septal kbiting
Female:23

Yu-Huan Xu et al. 50 43.9 Male:29 Yes 41 GGO; consolidation; interlobular septal kbiting; air bronchogram; pleural
Female:21 effusion; peripheral; central;

Jin-jin Zhang 140 (135 with 57 Male:69 Without mention 134 Bilateral Lung

chest CT scan) Female:71




W. Guan et al.

Jian Wuet al.

Xi Xu etal.

1099 (975 with 47

chest CT scan)

80

90

46.1

50

Male: 637 Without mention 840
Female:

459

Male: 39  Without mention 55
Female: 41

Male: 39  Yes 69
Female: 51

bilateral lung; GGO; interloauseptal thickening;

bilateral lung

bilateral lung; GGO; consolidation; crazyvipg pattern; interlobular septal
thickening; air bronchogram; adjacent pleura thitkg; pleural effusion;
pericardial effusion; lymphadenopathy; peripheral




Table 2 CT Imaging Findings in the Meta-Analysis

CT manifestations

Pooled transformed results (95 % ClI)

Pooled proportion (95 % CI)O

Patter ns of thelesion
GGO

Consolidation
GGO mixed consolidation
Air bronchogram
Interlobular septal thickening
Crazy paving pattern
Bronchiectasis
Adjacent pleura thickening
Pleural effusion
Pericardial effusion
Lymphadenopathy
Lesion distribution
Bilateral Lung
Peripheral
central
L obe of lesion distribution
Right upper lobe
Right middle lobe
Right lower lobe
Left upper lobe
Left lower lobe
Bilateral upper lobes
Bilateral lower lobes
Number of Lobesinvolved
1
2
3
4
5

lobes Involved >3

2.3 (1.97, 2.62)
1.45 (1.22, 1.68)
1.74 (1.54, 1.93)
1.5 (0.87, 2.14)
1.54 (0.69, 2.38)
0.79 (0.52, 1.07)
0.47 (0.03, 0.91)
1.62 (0.81, 2.42)
0.49 (0.37, 0.6)
0.43 (0.29, 0.57)
0.37 (0.2, 0.53)

2.17 (1.89, 2.44)
2.14 (1.72, 2.55)
0.67 (-0.07, 1.4)

1.88 (1.67, 2.1)
1.67 (1.53, 1.8)
2.41 (2.22, 2.6)
1.97 (1.75, 2.19)
2.25 (2.12, 2.39)
1.79 (1.6, 1.97)
1.88 (1.69, 2.07)

0.81 (0.52, 1.09)
0.75 (0.62, 0.87)
0.67 (0.55, 0.8)

0.94 (0.76, 1.12)
1.36 (1.24, 1.49)
2 (1.808, 2.192)

83.31 (69.43, 93.35)
43.97 (32.82, 55.45)
58.42 (48.46, 67.58)
46.46 (17.76, 76.95)
48.46 (11.44, 86.19)
14.81 (6.61, 25.99)
5.42 (0.02, 19.31)
52.46 (15.53, 87.54)
5.88 (3.38, 8.73)
4.55 (2.09, 7.90)
3.38 (1.00, 6.86)

78.2 (65.69, 88.19)
76.95 (57.43, 91.50)
10.81 (0.12, 41.50)

65.22 (54.95, 75.24)
54.95 (47.96, 61.36)
87.21 (80.23, 92.84)
69.43 (58.91, 79.02)
81.41 (76.1, 86.53)

60.87 (51.46, 69.43)
65.22 (55.95, 73.94)

15.53 (6.61, 26.88)
13.42 (9.31, 17.76)
10.81 (7.37, 15.16)
20.51 (13.76, 28.22)
39.54 (33.76, 45.96)
70.81 (61.75, 79.10)

OTheresults are expressed as a percentage



Table 3 Results of the Egger test

CT manifestations P L obe of lesion distribution P
Abnormal CT <0.001 Right upper lobe 0.264
GGO 0.001 Right middle lobe 0.142
Consolidation 0.007 Right lower lobe 0.074
GGO mixed consolidation 0.116 Left upper lobe 0.056
Air bronchogram 0.974 Left lower lobe 0.064
Interlobular septal thickening 0.025 Bilateral upper lobes NA
Crazy paving pattern 0.456 Bilateral lower lobes NA
Bronchiectasis NA Number of L obesinvolved

Adjacent pleura thickening NA 1 0.379
Pleural effusion 0.675 2 0.189
Pericardial effusion 0.942 3 0.219
Lymphadenopathy 0.716 4 0.563
Lesion distribution 5 0.067
Bilateral lung <0.001 lobes Involved >3 0.131
Peripheral 0.898

central

NA: The publication bias could not be tested






Study

Zhang Minggiang et al.
Fengxiang Song et al.
Jiong Wu et al.

Adam Bernheim et al.
Tao Ai et al.

Heshui Shi et al.
WANG Jincheng et al.
Yu-Huan Xu et al.
Jin-jin Zhang

W. Guan et al.

Jian Wu et al.

XiXu et al.

Overall (l-squared = 91.6%, p = 0.000)

ES (95% CI)

210 (1.48,2.72)
3.00 (2.73, 3.27)
267 (2.45, 2.88)
2.15 (1.97, 2.33)
2.42 (2.36, 2.48)
3.03 (2.81, 3.25)
271 (2.44, 2.98)
2.25 (1.97, 2.52)
2.93 (2.77, 3.10)
2.38 (2.32, 2.44)
1.95 (1.73, 2.17)
213 (1.92, 2.33)

2.49 (2.33, 2.64)

%

Weight

387




Citations (n=359)

318 articles excluded after
titlefabstract review

) J

41 full-text articles for detailed evaluationarticles

28 studies excluded ;
Duplicated population:6
Case reports/case series ;19
Without related data: 3
Review.4

v

13 studies included i the meta-analysis




Study

%

D ES (95% ClI) Weight
GGO
Zhang Minggiang et al. —— 278209, 347) 783
Jiong Wu et al. — 271(249,294) 1146
Adam Bernheim et al. - 276(256,296) 1158
Tao Ai et al. . 149(143,156) 1205
Heshui Shi et al. - 188(166,210) 1150
WANG Jincheng et al. —— 270(242,297) 1116
Yu-Huan Xu et al. —— 204(1.74,234) 1097
W. Guan etal. + 1.89(1.82,195) 1205
Xi Xuetal — 263(240,286) 1140
Subtotal (l-squared =97 6%, p = 0.000) < 230(197,262) 10000
Consaolidation
Zhang Minggiang et al. —— 144 (075,214) 679
Jiong Wu et al. - 189(166,211) 1556
Adam Bernheim et al. - 168 (1.48,1.88) 16.01
Tao Ai et al. * 158(151,164) 1803
WANG Jincheng et al. - 133(1.06,161) 1445
Yu-Huan Xu et al. —— 131(1.00,161) 1383
Xi Xuetal - 087(064,111) 1533
Subtotal (l-squared = 87.5%, p = 0.000) <> 1.45(1.22,168) 100.00
GGO with mixed consolidation
Zhang Minggiang et al. —— 144 (075 ,214) 784
Fengxiang Song et al. —— 174(1.47,202) 5098
Yu-Huan Xu et al. - 1.79(1.48,209) 4118
Subtotal (l-squared =0.0%, p = 0673) < 174(154,193) 100.00

T T T T T T

-3 -2 1 1 2 3



Due to the proportion of COVID-19 detected by chest CT imaging is very high,
especialy thin chest CT plays a huge role in assisting diagnosis and follow-up

treatment in clinical application.



Take Home Points:;

Our systematic review and meta-analysis of the early literature suggests that
the proportion of suspected COVID-19 detected by chest CT imaging is high.
Chest CT, especidly thin-section chest CT can play a central role in early
diagnosis of COVID-19.

The most common CT features in patients affected by COVID-19 included
GGO, consolidation, interlobular septal thickening, adjacent pleura thickening,
and air bronchograms.

The infection most commonly involves the bilateral lungs, especially bilateral
lower lobes.

Similar imagine features are seen in other infections, and the final diagnosis of

COVID-19 should still be based on RT-PCR.



