
© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2020;10(7):1551-1558 | http://dx.doi.org/10.21037/qims-20-688

Introduction

The Director-General of WHO characterized the 
coronavirus disease-19 (COVID-19) situation as a pandemic 
associated with substantial morbidity and mortality based on 
“alarming levels of spread and severity, and by the alarming 
levels of inaction” on March 11, 2020 (1). There are more 
than 3.6 million confirmed case of COVID-19 with 247,503 
fatalities in the world (2). The confirmed diagnosis of 

COVID-19 mainly depends on viral nucleic acid detection 
in respiratory secretions or blood based on real time 
fluorescent RT-PCR technology (3). Unfortunately, maybe 
due to insufficient viral material for detection or improper 
extraction of nucleic acid from specimen, quite a number of 
patients with COVID-19 showed as false negative in initial 
detection, even for more than twice (4-6). Recent researches 
suggest PCR testing of nasopharyngeal swabs is not a 
sensitive test for COVID-19 at early stages of the clinical 
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presentation. Chest CT may be helpful even seems to play 
an important role in some situations such as early detection 
of severe or critical cases or demonstrates remarkable 
pulmonary lesions in some COVID-19 pneumonia patients 
with false negative result in initial nucleic acid detecting (4). 
Also, more sensitive test kit for virus or antibody need to be 
further investigated.

During image review of the patients in our institutions, 
we recognized a special pattern on thin sliced chest 
CT and named it the arch bridge sign for the arched 
contour outlines the domain of ground-glass opacity (GGO) 
or consolidation, mimics like an arcade aperture in a GGO 
bridge. This specific imaging has not been previously 
described in radiology literature. The recognition of 
this radiological sign may benefit patient care by earlier 
definitive diagnosis of COVID-19 pneumonia.

Methods

Our institutional review board waived written informed 
consent for this retrospective case series that evaluated de-
identified data and involved no potential risk to patients.

Population and CT image data acquisition

Eleven patients with COVID-19 pneumonia confirmed 
were enrolled. The cases series was drawn from the 
entire population of clinically symptomatic, COVID-
19-positive in our hospitals. Referral procedures to 
COVID-19 designated hospital would start once the patients 
were confirmed the diagnosis of SARS-CoV-2 infection. 
Chest CT (Revolution CT scanner, GE Healthcare) 
examination follows the common chest plain scanning 
protocol in supine position with the slice thickness 1.25 mm.

CT review and interpretation

All the chest radiographs were reviewed by two radiologists 
(both with 12 years of experience in chest imaging) 
independently and consensus finally.

The CT images were evaluated with both lung and 
mediastinal windows. The main analysis indicator are 
the number of involved segments, presence of a series 
of radiologic signs including subpleural distribution 
pattern, GGOs, patchy consolidation, fibrous stripes, air 
bronchogram, crazy paving sign, coin-like nodules, vessels 
dilatation pattern, a tree-in-bud appearance, and pleural 
effusion based on the Fleischer Society glossary of terms for 

thoracic imaging (7).
Here we first described a special sign (arch bridge sign) 

in COVID-19 pneumonia patients. We measured the 
central height passing through the central lobular arteries 
of spared lung tissue as the diameter of “bridge hole”.

Statistical analysis

Statistical analyses were performed using SPSS version  
25.0 (IBM Corp., Armonk, NY, USA).

Results

Demographics

CT images of 11 patients confirmed positive for SARS-
CoV-2 virus were collected. M/F ratio: 3/8, age ranged 
from 19 to 65 years (The median age was 41.5 years). The 
timeline and spectrum of symptoms from initial onset to 
the CT examination day was shown in Figure 1. Six patients 
were in their early stage of time interval (within 2 days from 
initial disease onset) when CT examination were performed. 
Two and three patients were in their intermediate (3–5 days) 
and late (>5 days) interval respectively.

CT images analysis

The number of involved lung segments was 64. Ten patients 
(90.9%) had multiple lesions except one whose isolated 
lesions in segment X located in left lower lobe. Six patients 
(54.5%) had no less than 3 lobes involved, 4 patients (36.4%) 
had only 1 lobe involved, and 1 patient (9.1%) had 2 lobes 
involved. As to the involved segments, the top 3 were 
segment VI, I + II and X in sequence (Table 1).

The amount of segments with GGO, subpleural 
distribution pattern, vessels dilatation, patchy consolidation, 
crazy paving sign, air bronchogram, fibrous stripes and 
coin-like nodule were 57, 56, 50, 30, 25, 22, 17 and 16 
respectively. The top 3 radiologic signs were GGOs, 
subpleural distribution pattern and vessels dilatation 
pattern, with the same bias to segment VI, I + II and X in 
sequence. The frequency of each radiologic sign in different 
segments was shown in Table 2. Figure 2 showed a case with 
multiple signs from above.

Characteristics of arch bridge sign in chest CT

In addition, a sign locating in subpleural area was noticed. It 
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appeared as GGO or mixed GGO and consolidation, with 
a smooth concave margin towards the pleural side, and this 
arched margin outlines the contour of the relatively spared 
lung tissue between lesion and pleural. We termed it as “the 
arch bridge sign” owing to the arched contour mimics an 
arcade aperture in a lesion bridge (Figure 3). The arcade 
hole-like spared lung tissue of this sign ranged in diameter 
from 10.0 to 15.2 (13.1±1.8) mm. The number of segments 
with this sign was 14 (Table 2). We also observed double 
arches bridge formed sometime (Figure 4) and occasionally 
two arches were connected together. Occasionally the arch 

could towards other direction rather than towards the 
pleural (Figure 5).

The characteristics of patients with arch bridge 
sign were displayed in Figure 6. CT imaging of eight 
patients showed the sign. Six out of eight patient was in 
their early stage and all patients manifested moderate 
clinical severity according to the criteria of 6th version 
guideline of Chinese General Office of National Health 
Committee (3). All lesions with arch bridge sign were 
subpleural distribution and half patients showed localized 
consolidation in GGO.

Fever (37.4−38.0 ℃)

Cough (occasionally)

Sore throat

Fever (38.1−39.0 ℃)

Cough (frequently)

Fatigue

Figure 1 Timeline and spectrum of symptoms from initial onset to the CT examination day.

Table 1 The number of lesions in the segments involved

Left Right
Total %

Segment Number % Segment Number %

I + II 6 18.8 I + II 5 15.6 11 17.2

III 3 9.4 III 5 15.6 8 12.5

IV 2 6.3 IV 2 6.3 4 6.3

V 4 12.5 V 4 12.5 8 12.5

VI 7 21.9 VI 7 21.9 14 21.9

VII + VIII 3 9.4 VII + VIII 3 9.4 6 9.4

IX 1 3.1 IX 1 3.1 2 3.1

X 6 18.8 X 5 15.6 11 17.2

Total 32 50 – 32 50 64 100



1554 Wu et al. The arch bridge sign: a CT feature of the COVID-19 pneumonia

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2020;10(7):1551-1558 | http://dx.doi.org/10.21037/qims-20-688

Discussion

Lung is the most common affected organ by SARS-CoV-2. 
In our study, the lesions could locate in different lobes or 
segments of bilateral lungs but more commonly in lower 
lobes (Table 1), and the VI, I + II and X segments turned 
out to be the most common involved sites. By contrary, the 
segment IX was spared mostly (Table 2). This pattern of 
distribution may be caused by how SARS-CoV-2 spread, 
gravity or respiratory movement. Other features observed 
in our research (Figure 2) to a great extent highlight other 

research’s descriptions for COVID-19 pneumonia (8-10). 
Interestingly, we noticed that there were 14 subpleural 
GGOs or consolidation (most were GGOs) in eight 
patients, showing a sharp margin which is concave towards 
the pleural side, and this arch-like margin outlines the 
contour of the relatively spared lung tissue between the 
lesion and pleural. This sign mimics an arch bridge with an 
internal lucent hole. To our best knowledge, there was no 
any published study describing this chest radiologic sign 
in COVID-19 pneumonia or other kinds of lung diseases, 
we termed it as “the arch bridge sign”. Of the lesions 

Table 2 The frequency of radiologic sign in pulmonary segments (%)

Segment GGO SUBP ANGE CONS CPS ABG FIBR COIN ArBS

I + II 14.0 (8/57) 17.9 (10/56) 16.0 (8/50) 20.0 (6/30) 8.0 (2/25) 4.5 (1/22) 17.6 (3/17) 6.3 (1/16) 14.3 (2/14)

III 14.0 (8/57) 10.7 (6/56) 10.0 (5/50) 13.3 (4/30) 12.0 (3/25) 13.6 (3/22) 11.8 (2/17) 25.0 (4/16) 7.1 (1/14)

IV 3.5 (2/57) 5.4 (3/56) 8.0 (4/50) 6.7 (2/30) 8.0 (2/25) 4.5 (1/22) 5.9 (1/17) 6.3 (1/16) 0 (0/14)

V 12.2 (7/57) 12.5 (7/56) 6.0 (3/50) 16.7 (5/30) 8.0 (2/25) 9.1 (2/22) 17.6 (3/17) 25.0 (4/16) 0 (0/14)

VI 24.6 (14/57) 23.2 (13/56) 26.0 (13/50) 20.0 (6/30) 20.0 (5/25) 31.8 (7/22) 11.8 (2/17) 25.0 (4/16) 42.9 (6/14)

VII + VIII 8.8 (5/57) 7.1 (4/56) 10.0 (5/50) 3.3 (1/30) 12.0 (3/25) 13.6 (3/22) 17.6 (3/17) 6.3 (1/16) 14.3 (2/14)

IX 3.5 (2/57) 3.6 (2/56) 4.0 (2/50) 3.3 (1/30) 8.0 (2/25) 0 (0/22) 0 (0/17) 0 (0/16) 0 (0/14)

X 19.3 (11/57) 19.6 (11/56) 20.0 (10/50) 16.7 (5/30) 24.0 (6/25) 22.7 (5/22) 17.6 (3/17) 6.3 (1/16) 21.4 (3/14)

GGO, ground-glass opacity; SUBP, subpleural distribution pattern; ANGE, angioectasis; CONS, consolidation; CPS, crazy paving sign; 
ABG, air bronchogram; FIBR, fibrous stripes; COIN, coin-like nodule; ArBS, arch bridge sign.

Figure 2 A 35-year old female presenting with initial 1 day’s fever. The VR image (A) gave a visual representation of multiple subpleural 
lesions (arrows) in bilateral lungs; the axial magnified image of one of these lesions (B) depicted typical “crazy paving sign” and air 
bronchogram (arrow), and the coronal MPR image of another lesion (C) depicted vessels dilatation inside the GGOs (arrow). MPR, 
multiplanar reformation; GGO, ground-glass opacity.

A B C
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with the arch bridge sign in our study, the diameter of the 
“bridge hole” ranging from 10.0 to 15.2 (13.1±1.8) mm, 
and spot or tree-bud-like centrilobular component also 
could be identified in some lesions, these features indicated 
that the “bridge hole” is a single secondary lobule (Figure 
6). Studies had shown that the SARS-CoV-2 targeting 
receptors ACE2 express in alveolar cells, endothelial cells 
and arterial smooth muscle cells of lung (11-13). Our 
observation show that the arch bridge sign formed because 
of the infiltrating of lesion is blocked by interlobular 
septum of the secondary pulmonary lobule. It suggested 
that secondary pulmonary lobules may be the basic unit of 
virus invasion. It also interpolates the reason the sign was 
more often to be seen in subpleural area as the pulmonary 
interstitium in this area is richer than the other part of 
lungs. In our study, the notable absence of the specific 
arch bridge sign were distributed subpleural, and clinical 
severity assessment for all patients were moderate (Figure 5).  
So, we infer that the sign maybe indicate the nature of 
relatively early and localized lesion and indicate a relatively 
mild clinical situation.

Several studies have shown that the COVID-19 

pneumonia usually appears as multifocal pulmonary GGOs 
or/and consolidation which may be similar to those of 
severe acute respiratory syndrome (SARS) and Middle 
East respiratory syndrome (MERS) (14-16). Among them, 
the lesions could locate in different lobes or segments of 
bilateral lungs but more commonly in lower lobes (14-16)  
which were consistent with our study. But still our research 
suggest that COVID-19 pneumonia has its special imaging 
feature. We found the distribution of lesions dominantly 
in the back-lung segments. Giving heed to the distribution 
pattern may provide new ideas in clinical treatment and 
nursing strategy, such as prone positioning clinical nursing. 
Experimental studies provide convincing evidence that 
prone positioning influences the generation and evolution 
of ventilator induced lung injury (VILI) which arises from 
repeated application of high mechanical forces that either 
tear fragile tissue directly or initiate signaling that culminates 
in inflammatory change by altering gas exchange in the lung 

(17-19). The distribution of the lesion was first counted 
by single lesion among the imaging researches about 
COVID-19 pneumonia which may reflect the feature better.

Our study had several limitations. We had a small size 

A B

C

Figure 3 A 37-year-old female presenting with fever and cough who had a definitely epidemiological exposure. The plain axial thin slice 
HRCT (A) demonstrates a subpleural GGOs in segment VI of right lower lobe, the magnified (B) and sketched (C) images of the lesion 
show the subpleural GGO, with a sharp arch-like margin (dotted line in C), encompassing a semicircular spared lung tissue. This pattern 
mimics a single arch bridge. Left lower quadrant shows a traditional single arch bridge. HRCT, high-resolution CT; GGO, ground-glass 
opacity.
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Figure 4 A 37-year-old female, presenting with fever and cough. The axial non contrast thin slice HRCT (A) and focal magnified image 
(B) demonstrate a subpleural GGOs in segment VI in left lower lobe. A normal interstitial septum was showed in the lower part of the same 
lesion (C) which indicates the lucency inside lesion is a single normal secondary lobule. The sketched image (D) shows the sharp arch-like 
margin (dotted line), and these features made this lesion looks like a double arches bridge. HRCT, high-resolution CT; GGO, ground-glass 
opacity.

A B

C D

Figure 5 A 45-year-old female presenting with fever. The plain axial thin slice HRCT (A), coronal (B) and sagittal (C) MPR images 
demonstrate a subpleural GGO located in left lower lobe. A tree-bud-like hyper density (white arrow) could be seen inside the lucent area 
which was encompassed by the “C” form GGO, it is a typical centrilobular artery. This tip further indicates the lucency inside lesion is a 
single normal secondary lobule. HRCT, high-resolution CT; MPR, multiplanar reformation; GGO, ground-glass opacity.

A B C
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Gender              Age (years)     Time interval (onset-CT)  Clinical severity   Distribution     Feature of lesions

Female                    <41.5                   early (0−2 days)          Mild                  Subpleural                   GGO

Male                       >41.5           intermediate (3−5 days)    Moderate               Central        GGO with consolidation

late (>5 days)           Severe

Figure 6 Characteristics of patients with arch bridge sign. GGO, ground-glass opacity.

sample that the conclusion needs to be confirmed with 
larger size sample researches. We analyzed the features 
without control groups so that we could not investigate the 
value of these signs in differential diagnosis. Additionally, 
we limited our study in the lack of follow-up CT data to 
understand the outcome of each sign.

In conclusion, our retrospective study indicated the 
COVID-19 pneumonia has certain characteristics in chest 
radiology, giving heed to the distribution characteristics of 
dominantly in the back-lung segments, new ideas in clinical 
treatment and nursing strategy may be lighted, such as 
prone positioning clinical nursing. Moreover, it is the first time 
to term and suggest the “arch bridge sign” which may reflect 
the early histopathologic feature of COVID-19 pneumonia. 
We shared this original finding and hope other scholars can 
pay attention to the sign and conduct further research about its 
diagnostic performance or prognostic association.
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