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Background: Many studies have described lung lesion computed tomography (CT) features of coronavirus 
disease 2019 (COVID-19) patients at the early and progressive stages. In this study, we aim to evaluate 
lung lesion CT radiological features along with quantitative analysis for the COVID-19 patients ready for 
discharge.
Methods: From February 10 to March 10, 2020, 125 COVID-19 patients (age: 16–67 years, 63 males) 
ready for discharge, with two consecutive negative reverse transcription-polymerase chain reaction (RT-
PCR) and no clinical symptoms for more than 3 days, were included. The pre-discharge CT was performed 
on all patients 1–3 days after the second negative RT-PCR test, and the follow-up CTs were performed on 
44 patients 2–13 days later. The imaging features and quantitative analysis were evaluated on both the pre-
discharge and the follow-up CTs, by both radiologists and an artificial intelligence (AI) software.
Results: On the pre-discharge CT, the most common CT findings included ground-glass opacity (GGO) 
(99/125, 79.2%) with bilateral mixed distribution, and fibrosis (56/125, 44.8%) with bilateral subpleural 
distribution. Enlarged mediastinal lymph nodes were also commonly observed (45/125, 36.0%). AI enabled 
quantitative analysis showed the right lower lobe was mostly involved, and lesions most commonly had 
CT value of –570 to –470 HU consistent with GGO. Follow-up CT showed GGO decrease in size and 
density (40/40, 100%) and fibrosis reduction (17/26, 65.4%). Compared with the pre-discharge CT results, 
quantitative analysis shows the lung lesion volume regressed significantly at follow-up.
Conclusions: For COVID-19 patients ready for discharge, GGO and fibrosis are the main CT features 
and they further regress at follow-up.
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Introduction

The pneumonia caused by a novel coronavirus (SARS-
CoV-2) has been widely studied. It was first reported as 
an “unknown viral pneumonia” with a limited number 
in Wuhan, China, in December 2019 (1-3), but spread 
rapidly across China and the world (4-7). Experts from 
different fields and different countries are working together 
to improve the recognition, diagnosis and treatment of 
this disease. Chest computed tomography (CT) has been 
proven to be important for the diagnosis and the course 
monitoring of coronavirus disease 2019 (COVID-19) (8-10). 
Many studies (11-19) have reported typical CT features, 
including ground-glass opacity (GGO), consolidation, and/
or interstitial changes with a peripheral or bronchovascular 
bundle distribution. Some studies (17-20) focused on 
changes in CT features during the active disease course. 
However, few studies summarized CT features of patients 
ready for discharge.

For better and more objective understanding of CT 
features in COVID-19 patients ready for discharge, in this 
study we describe the CT features of patients with two 
consecutive negative reverse transcription-polymerase chain 
reaction (RT-PCR) results and clinical symptoms resolved 
for more than 3 days, and perform quantitative lesion 
analysis with an artificial intelligence (AI) software.

We present the following article in accordance with the 
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/qims-20-531).

Methods

The study was approved by the ethics committee of the 
First Affiliated Hospital of China Medical University (No. 
AF-SOP-07-1.1-01). Informed consent was waived due to 
the retrospective nature of this study.

Study population

From February 10 to March 10, 2020, data of 125 
COVID-19 patients ready for discharge (with two 
consecutive negative RT-PCR results and clinical symptoms 
resolved for more than 3 days) (21) at the Fangcang shelter 
hospital in Hongshan Gymnasium, Wuhan, Hubei Province, 
were reviewed retrospectively. All patients were mild cases 
from the onset and during the course of hospitalization, as 
defined with no hypoxemia or respiratory distress (respiratory 
rate ≥30 breaths/min, requirement for oxygen treatment or 
mechanical ventilation, or SpO2 ≤93% on room air) (21). 

Patient’s sex and age, dates of initial symptom onset and pre-
discharge two consecutive negative RT-PCR samplings, dates 
of the pre-discharge CT and follow-up CT were recorded.

CT scan

One hundred and twenty-five patients underwent the pre-
discharge CT 1–3 days after the second negative RT-PCR 
test, and 44 patients underwent the follow-up CT 2–13 days 
later (Figure 1). CT scans were performed with a mobile CT 
Unit (CT-NeuVz Prime, NEUSOFT, China) in inspiratory 
period. The scan parameters included the following: tube 
voltage of 120 kVp, tube current of 100–200 mA, detector 
collimation of 64 or 128×0.625 mm, field of view of  
350 mm × 350 mm, and matrix size of 512×512. All images 
were reconstructed using a medium sharp reconstruction 
algorithm with a slice thickness of 5 mm and an interval of 
1 mm.

Chest CT image analysis

CT features
Two radiologists (Reader 1 and Reader 2 with 5 and 15 years 
of experience in chest CT diagnosis, respectively) reviewed 
all CT images together slice-by-slice. When inconsistency 
occurred, another radiologist (Reader 3) with 30 years of 
chest CT diagnosis experience participated, and the final 
reading was based on consensus. Specifically, the following 
features were evaluated: (I) GGO, (II) consolidation, (III) 
fibrosis, (IV) fibrous stripes, (V) lungs and lobes involved, 
(VI) distribution (categorized as peribronchovascular only, 
subplural only, peribronchovascular predominant, subplural 
predominant, random). Patients’ other lung manifestations 
included: (VII) reticulation, (VIII) air bronchogram, (IX) 
thickened bronchial wall, (X) thickened small blood vessels, 
and (XI) nodules. Extrapulmonary manifestations included: 
(XII) pleural effusion, (XIII) mediastinal lymph nodes 
(categorized as <10, 10–15, >15 mm in short-axis length).

GGO was defined as hazy increased lung attenuation 
with preservation of bronchial and vascular margins, 
whereas consolidation was defined as opacification with 
obscuration of the margins of vessels and airway walls (22). 
Fibrosis was defined as heterogeneous density with rigid 
or concave margins, with or without pleural and bronchial 
contraction (23).

Quantitative analysis
An AI-assisted screening and epidemic intelligence 
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mon i to r ing  s y s t em fo r  COVID-19  pneumonia , 
InferRead™ CT Pneumonia software (Beijing Infervision 
Technology Co., Ltd., Beijing, China), was used for 
quantitatively analyzing chest lesions on all CT scans (i.e., 
125 pre-discharged scans and 44 follow-up scans). The 

system automatically segmented the lungs in chest CT 
images, identified lesions and classified lesions into seven 
categories according to their CT attenuation values (–570 
to –470 HU, –470 to –370 HU, –370 to –270 HU, –270 to 
–170 HU, –170 to –70 HU, –70 to 30 HU, 30 to 60 HU), 
and calculated the involved lesions’ volumes and their 
percentages lung volume.

Statistical analysis

Statistical analysis was performed using IBM SPSS Statistics 
software (version 23.0; IBM, New York, USA). Categorical 
variables are presented as number and percentage. 
Quantitative variables are shown as the mean ± standard 
deviation (minimum, maximum). Comparisons between 
paired quantitative variables of pre-discharged and follow-
up scans were carried out using the Wilcoxon signed-rank 
test. A P value <0.05 was considered statistically significant.

Results

The patient cohort included 63 men and 62 women (average 
age: 48±13 years, range: 16–67 years). The interval from 
the onset of initial symptoms to the pre-discharge CT was 
22±10 days (Table 1).

Figure 1 The flowchart for CT feature evaluation in the study. CT, computed tomography; RT-PCR, reverse transcription-polymerase 
chain reaction; AI, artificial intelligence.

Study population: 125 patients ready for discharge with two consecutive
negative RT-PCR and no clinical symptoms for more than 3 days

81 patients without
follow-up CT

44 patients with
follow-up CT

81 pre-discharge CTs

125 pre-discharge CTs for
feature evaluation

Comparative evaluation

Radiologist evaluation and AI enabled quantitative analysis

44 pre-discharge CTs 44 follow-up CTs

Table 1 Clinical characteristics of the patients included in this study

Clinical characteristics Value

No. of all patients n=125

Patients with follow-up CTs 44 (35.2%)

Patients without follow-up CTs 81 (64.8%)

Age (years) 48±13 [16, 67]

Gender

Male 63 (50.4%)

Female 62 (49.6%)

Time-interval (days)

From symptoms onset to pre-discharge CT 22±10 [7, 51]

From pre-discharge CT to follow-up CT 7±2 [2,13]

Between consecutive negative RT-PCR tests 3±2 [2, 10]

CT, computed tomography; RT-PCR, reverse transcription- 
polymerase chain reaction.
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Table 2 Lung lesion CT features in patients ready for discharge

CT features Value, n (%)

The presence of lesions

Yes 105 (84.0)

No 20 (16.0)

Involvement of lung

Bilateral 70 (66.7)

Unilateral (right/left) 35 (33.3) (19/16)

Distribution pattern

Bronchovascular only 10 (9.5)

Subplural only 29 (27.6)

Bonchovascular predominant 6 (5.7)

Subplural predominant 33 (31.4)

Random 27 (25.7)

GGO

Yes 99 (79.2)

No 26 (20.8)

Fibrosis

Yes 56 (44.8)

No 69 (55.2)

Fibrous stipes

Yes 46 (36.8)

No 79 (63.2)

Consolidation

Yes 18 (14.4)

No 107 (85.6)

Reticulation

Yes 29 (23.2)

No 96 (76.8)

Air bronchogram

Yes 22 (17.6)

No 103 (82.4)

Pulmonary nodule

Yes 10 (8.0)

No 115 (92.0)

Thickened bronchial wall

Yes 2 (1.6)

No 123 (98.4)

Table 2 (continued)

Table 2 (continued)

CT features Value, n (%)

Thickened small blood vessels

Yes 1 (0.8)

No 124 (99.2)

Lesion types

Single type 32 (30.5)

Mixed types 73 (69.5)

Mediastinal lymph nodes

<10 mm 80 (64.0)

10–15 mm 39 (31.2)

>15 mm 6 (4.8)

Pleural effusion

Yes 0

No 125 (100.0)

CT, computed tomography; GGO, ground-glass opacity.

Among the 125 pre-discharge CTs, residual lesions 
were found in 105 cases (84.0%). 70 (66.7%) had were 
bilateral lungs involvement, while 19/16 (18.1%/15.2%) 
had right or left lung involvement only. The most common 
lesion distributions are subplural predominant (33/105, 
31.4%) and subplural only (29/105, 27.6%); while the most 
common lesions appearances were GGO (99/125, 79.2%) 
and fibrosis (56/125, 44.8%) (Tables 2,3 and Figure 2). Other 
observable CT findings included fibrous stripe, reticulation, 
air bronchogram, consolidation, nodule, thickened 
bronchial wall, and thickened small blood vessel. Thirty-
nine CTs (31.2%) displayed mediastinal lymph node of 
10–15 mm, and 6 CTs (4.8%) had mediastinal lymph node 
short-axis diameter >15 mm. No pleural effusion was found 
in all 125 patients.

Among the 44 follow-up CTs, 41 cases (93.2%) showed 
further improvement in lung lesion involvement with GGO 
decrease in density, consolidation fading or shrinking in 
size, and development of fibrosis (Figures 3,4). The other 
three cases have unchanged lung CT findings compared 
with pre-discharge CTs. The enlarged mediastinal lymph 
nodes (short-axis diameter >10 mm) were found in 22 cases 
among the 44 follow-up CTs, and they did not change in 
appearance during the follow-up.

Among the 125 pre-discharge CTs, AI enabled 
quantitative analysis showed 59 cases (47.2%) had residual 



1311Quantitative Imaging in Medicine and Surgery, Vol 10, No 6 June 2020

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2020;10(6):1307-1317 | http://dx.doi.org/10.21037/qims-20-531

Table 3 The lung lesions and their distribution in patients ready for discharge

Distribution pattern* GGO (n=99), n (%) Fibrous lesion (n=68), n (%) Consolidation (n=18), n (%)

Bilateral lungs 67 (67.7) 53 (77.9) 5 (27.8)

Bronchovascular only 0 0 0

Subplural only 12 (12.1) 24 (35.3) 4 (22.2)

Others 55 (55.6) 29 (42.6) 1 (5.6)

Unilateral right lung 18 (18.2) 8 (11.8) 10 (55.6)

Bronchovascular only 6 (6.1) 0 0

Subplural only 8 (8.1) 7 (10.3) 10 (55.6)

Others 4 (4.0) 1 (1.5) 0

Unilateral left lung 14 (14.2) 7 (10.3) 3 (16.7)

Bronchovascular only 3 (3.0) 0 1 (5.6)

Subplural only 6 (6.1) 5 (7.4) 2 (11.1)

Others 5 (5.1) 2 (2.9) 0

Fibrous lesions: fibrosis and/or fibrous stripes. *, Others include bonchovascular predominant, subplural predominant and random. GGO, 
ground-glass opacity.

Figure 2 Various chest CT findings for patients ready for discharge. (A) Multiple homogenous GGOs with very low density (box); (B) small 
consolidation with air bronchogram (box) in the right lung; (C) fibrosis with reticulation (arrow) in the subplural regions of both lungs; (D,E,F) 
mediastinal lymph node with the short-axis diameter <10 mm (D), 10–15 mm (E) and >15 mm (F) (arrow). CT, computed tomography; 
GGOs, ground-glass opacities.

A B

D E F

C
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lesions. As shown in Table 4, the average volume was 
26.20±62.97 cm3 for both lungs inclusive, accounting for 
0.57%±1.38% of the whole lung. The right lower lobe had 
the significant largest involved volume (12.01±35.87 cm3). 
The highest proportion of the lesions were in the CT-value 
of −570 to −470 HU. Among 66 patients who AI software 
did not found lesions, 46 (69.7%) were recognized to have 
small and very low density GGOs by radiologists.

In 44 cases had follow-up, the involved volume decreased 
significantly reduced on follow-up CTs (Table 5). Figure 5 
shows an example of AI enabled analysis results of GGO 
decrease in size and density on follow-up CT.

Discussion

In this study, we described the lung lesion CT features for 
COVID-19 patients when they were ready for discharge 
from the Fangfang shelter hospital after their clinical 
symptoms resolved for more than 3 days and RT-PCR 
results were negative for two consecutive times. Our results 
show GGO and fibrosis were the most common lesions and 
they further regressed during follow-up. Enlargement of 
the mediastinal lymph node was observed and unchanged 
during follow-up.

GGO was the main lesion manifestation for patients ready 
for discharge, with lower density and more homogenous 

without “crazy paving” pattern in contrast to the early stage 
of COVID-19 (17). Pan et al. (17) found that consolidation 
gradually disappear, with GGO and subpleural parenchymal 
bands remaining after 2 weeks. Our 44 follow-up CTs 
confirmed the changes: the original GGO further reduced 
or even disappeared; the fibrosis on pre-discharge CT 
changed to GGO during follow-up. The thinner and more 
homogenous GGO could be the remnant of GGO, or 
remnant of consolidation or fibrosis after partial absorption 
(24,25).

Fibrosis was the second common lesion manifestation, 
characterized with heterogeneous density and contraction (23).  
We observed in our 44 follow-up cases that the fibrosis 
was changed from consolidation, and could further change 
to GGO (26). Fibrinous exudation in the alveolar lumen 
has been reported in recent COVID-19 pathological  
studies (27), which might be the pathological basis for 
fibrosis on imaging. As a marked feature, reticulation is 
widely observed in fibrosis (Figure 2). Different from the 
“crazy paving” in GGO at the early stage of the disease, the 
reticulation in the fibrosis appeared to be more rigid and 
thicker. The reticulated structures may also continue to 
be absorbed until they disappear, as we observed in the 44 
follow-up CTs.

Consolidation was not common for patients ready for 
discharge. Pan et al. (17) reported changes in chest CT 
findings in COVID-19 patients during the time course, 
noting that consolidation reached its peak at approximately 
10 days after the onset of initial symptoms and was 
gradually absorbed after 14 days. In this study, CT exams 
were performed at 22 days after the onset of the initial 
symptoms. Our patients mostly show absence or small 
consolidation.

Mediastinal lymphadenopathy has not commonly been 
observed in the early stage of COVID-19 (12-15,17-19). 
Xiong et al. (28) found increased number of enlarged lymph 
nodes during follow-up in the course of the disease. In 
our study, enlargement of the mediastinal lymph node was 
observed in 45 patients (36%), especially with a diameter 
between 1.0 and 1.5 cm, with no changes on follow-up CT. 
Thus, lymph node involvement might occur later than lung 
involvement and change slowly in COVID-19 patients.

The data obtained from AI enabled quantitative analysis 
were broadly consistent with the radiological interpretation 
during follow-up period. At present, subjective segmental 
analysis is commonly applied to evaluate disease severity, 
which, as a semi-quantitative method, is not sufficiently 
precise. AI enabled analysis provides the quantitative 

Figure 3 Changes on follow-up CT. All GGO (40/40), most of 
fibrosis (17/26) and consolidation (9/11) improved on follow-up 
CT. The fibrous strips remained unchanged (20/20). The column 
bars on the left represent the cases of corresponding lesion on pre-
discharge CT; the column bars on the right represent the change 
on follow-up CT. CT, computed tomography; GGO, ground-glass 
opacity.
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Figure 4 Example of cases with improvement on follow-up CT. Case 1: the pre-discharge CT [(A,C) 26 days from onset] and the follow-
up CT [(B,D) 32 days from onset] of a 41-year-old male patient; the GGO (box) was further absorbed and decreased in size and density 
(B); fibrosis (box) in the subpleural region of the right lung became thinner (D); case 2: pre-discharge CT [(E) 14 days from onset] and the 
follow-up CT [(F) 20 days from onset] of a 51-year-old female patient. The consolidation (box) turned into fibrosis and also decreased in 
size on the follow-up CT. CT, computed tomography; GGO, ground-glass opacity.

Pre-discharge CT Follow-up CT

A

C D

E F

B

volume and percentage for both of the whole lung and 
each lobe and of different CT-values representing different 
types of lesions. Previous studies (17,28,29) found that 
different types of lesions appeared in different stages of the 
disease. Such quantification is valuable for follow-up studies 
observing COVID-19 chest lesion resolving. However, this 
study shows the AI tool used in this study was not sensitive 
to detect GGO with very low density (Figure 5). In 46 

(69.7%) patients with AI results of 0, small and thin GGOs 
on the image were observed by radiologists. This might 
be related to the density interval of the observation setting 
of the software. At present, the histogram provided by AI 
is distributed between –570 and 60 HU, meaning a GGO 
with density less than –570 HU cannot be detected.

There are some limitations in this study. First, it was a 
single center study including only one Fangcang shelter 
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Table 4 Lung lesion volume analysis based on lung lobe segmentation and different CT-value ranges in patients ready for discharge

Features Volume (cm3) Volume percentage (%)

Whole lung 26.20±62.97 (0, 321.82) 0.57±1.38 (0, 7.71)

Five lung lobes

Right upper lobe 5.37±14.01 (0, 78.90) 0.50±1.35 (0, 9.27)

Right middle lobe 1.15±6.70 (0, 64.98) 0.43±2.18 (0, 16.50)

Right lower lobe 12.01±35.87 (0, 212.29) 1.45±4.58 (0, 34.28)

Left upper lobe 3.34±12.66 (0, 77.00) 0.26±1.01 (0, 6.58)

Left lower lobe 3.95±14.15 (0, 95.64) 0.45±1.63 (0, 9.56)

CT-value ranges

–570 to –470 HU 2.93±7.04 (0, 20.59) 5.28±6.47 (0, 20.59)

–470 to –370 HU 2.01±4.96 (0, 27.98) 3.36±4.72 (0, 22.47)

–370 to –270 HU 1.41±3.57 (0, 21.81) 2.42±3.76 (0, 17.67)

–270 to –170 HU 1.01±2.64 (0, 16.74) 1.69±2.98 (0, 13.04)

–170 to –70 HU 0.75±1.95 (0, 12.32) 1.30±2.64 (0, 11.74)

–70 to 30 HU 0.62±1.56 (0, 8.41) 1.18±3.52 (0, 32.39)

30 to 60 HU 0.12±0.33 (0, 1.95) 0.24±0.94 (0, 9.31)

Data are displayed as: mean ± standard deviation (minimum, maximum). CT, computed tomography.

Table 5 Comparison of the lung lesion size between pre-discharge CT and follow-up CT based on quantitative analysis

Features
Volume (cm3) Volume percentage (%)

Pre-discharge CT Follow-up CT P Pre-discharge CT Follow-up CT P

Location

Whole lung 47.23±81.19 (0, 265.01) 19.45±36.98 (0, 149.21) <0.001* 1.03±1.75 (0, 7.71) 0.45±0.85 (0, 4.43) <0.001*

Right upper lobe 8.42±15.87 (0, 56.52) 2.12±5.28 (0, 24.34) <0.001* 0.78±1.50 (0, 6.36) 0.22±0.56 (0, 2.73) 0.001*

Right middle lobe 2.21±6.54 (0, 33.28) 0.30±0.92 (0, 4.42) 0.099 0.75±2.68 (0, 14.87) 0.09±0.28 (0, 1.27) 0.117

Right lower lobe 25.64±54.05 (0, 212.29) 11.05±28.71 (0, 136.32) 0.014* 3.56±7.07 (0, 34.28) 1.22±3.10 (0, 16.43) 0.019*

Left upper lobe 4.40±12.46 (0, 66.70) 2.00±5.54 (0, 26.81) 0.035* 0.30±0.80 (0, 3.81) 0.15±0.37 (0, 1.52) 0.044*

Left lower lobe 6.37±16.91 (0, 67.56) 3.88±11.96 (0, 63.62) 0.316 0.78±2.17 (0, 9.56) 0.55±1.39 (0, 5.48) 0.433

CT-value ranges

–570 to –470 HU 5.48±9.23 (0, 35.34) 2.28±4.50 (0, 20.22) 0.001* 8.55±6.75 (0, 20.59) 6.22±8.33 (0, 36.07) 0.020*

–470 to –370 HU 3.86±6.60 (0, 27.98) 1.46±3.15 (0, 16.17) <0.001* 5.83±5.94 (0, 22.47) 3.92±6.30 (0, 30.03) 0.005*

–370 to –270 HU 2.77±4.89 (0, 21.81) 0.91±2.18 (0, 12.55) <0.001* 4.32±4.73 (0, 17.67) 2.27±3.32 (0, 10.79) <0.001*

–270 to –170 HU 2.01±3.73 (0, 16.74) 0.56±1.51 (0, 9.22) <0.001* 3.05±3.81 (0, 13.04) 1.37±2.25 (0, 9.40) <0.001*

–170 to –70 HU 1.51±2.76 (0, 12.32) 0.35±1.04 (0, 6.58) <0.001* 2.47±3.59 (0, 11.74) 0.85±1.56 (0, 5.55) <0.001*

–70 to 30 HU 1.21±2.10 (0, 8.41) 0.25±0.72 (0, 4.26) <0.001* 2.51±5.43 (0, 32.39) 0.69±1.70 (0, 8.03) <0.001*

30 to 60 HU 0.20±0.43 (0, 1.95) 0.08±0.32 (0, 1.95) 0.007* 0.52±1.51 (0, 9.31) 0.17±0.63 (0, 4.07) 0.117

Data are displayed as: mean ± standard deviation (minimum, maximum). *, P<0.05 indicates a statistical significance by Wilcoxon  
signed-rank tests. CT, computed tomography.
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Figure 5 The AI enabled analysis results of a typical GGO decreased in size and density on follow-up CT. GGOs on right lower lobe 
recognized by AI (blue line) became smaller and lower in density significantly on follow-up CT. However, some visible GGOs with very low 
density were not detected by AI (yellow arrow). CT, computed tomography; AI, artificial intelligence; GGO, ground-glass opacity.

Pre-discharge
CT

Follow-up
CT

hospital, and the number of cases who had follow-up was 
limited. Second, only initially mild patients were included. 
Third, with a scanning thickness of 5 mm, some details may 
not be as good as those obtained with thin slices. However, 
the scanning protocol was in accordance with the workflow 
of the Fangcang shelter hospital, with multiple CT 
examinations for each patient and relatively limited medical 
staff. Actually, the analysis in this study may suggest thin-cut 
CT is not required for COVID-19 chest lesion evaluation. 
As multiple CT scans were involved, we advocate minimize 
radiation exposure to patients (30). In fact, low radiation 
dose mode and techniques to minimise the radiation dosage 
could have been applied to the patients, particularly to the 
younger patients (31,32).

In conclusion, the main CT features were GGO and 
fibrosis for COVID-19 patients ready for discharge, and 
further regressed after follow-up.
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