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Abstract

To evaluate the chest computed tomography (CT) findings of patients with Corona

Virus Disease 2019 (COVID‐19) on admission to hospital. And then correlate CT

pulmonary infiltrates involvement with the findings of emphysema. We analyzed the

different infiltrates of COVID‐19 pneumonia using emphysema as the grade of

pneumonia. We applied open‐source assisted software (3D Slicer) to model the

lungs and lesions of 66 patients with COVID‐19, which were retrospectively

included. we divided the 66 COVID‐19 patients into the following two groups: (A) 12

patients with less than 10% emphysema in the low‐attenuation area less than −950

Hounsfield units (%LAA‐950), (B) 54 patients with greater than or equal to 10%

emphysema in %LAA‐950. Imaging findings were assessed retrospectively by two

authors and then pulmonary infiltrates and emphysema volumes were measured on

CT using 3D Slicer software. Differences between pulmonary infiltrates, emphyse-

ma, Collapsed, affected of patients with CT findings were assessed by

Kruskal–Wallis and Wilcoxon test, respectively. Statistical significance was set at

p < 0.05. The left lung (A) affected left lung 20.00/affected right lung 18.50,

(B) affected left lung 13.00/affected right lung 11.50 was most frequently involved

region in COVID‐19. In addition, collapsed left lung, (A) collapsed left lung 4.95/

collapsed right lung 4.65, (B) collapsed left lung 3.65/collapsed right lung 3.15 was

also more severe than the right one. There were significant differences between the

Group A and Group B in terms of the percentage of CT involvement in each lung

region (p < 0.05), except for the inflated affected total lung (p = 0.152). The median

percentage of collapsed left lung in the Group A was 20.00 (14.00–30.00), right lung

was 18.50 (13.00–30.25) and the total was 19.00 (13.00–30.00), while the median

percentage of collapsed left lung in the Group B was 13.00 (10.00–14.75), right lung

was 11.50 (10.00–15.00) and the total was 12.50 (10.00–15.00). The percentage of

affected left lung is an independent predictor of emphysema in COVID‐19 patients.

We need to focus on the left lung of the patient as it is more affected. The people
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with lower levels of emphysema may have more collapsed segments. The more

collapsed segments may lead to more serious clinical feature.
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chest CT, COVID‐19, emphysema, lung, pulmonary infiltrates

1 | INTRODUCTION

In December 2019, a series of patients with unexplained pneumonia

was reported in Wuhan, China. There is now clear evidence that the

causative agent is a virus from corona virus family. The virus was

designated as Corona Virus Disease 2019 (COVID‐19) by the World

Health Organization (WHO) on 11 February, 2020.1 As an ongoing

global emergency pandemic, the severe acute respiratory syndrome

coronavirus 2 is the cause of COVID‐19. It primarily affects the

respiratory system of patients and also lead to a broad spectrum of

clinical manifestations including asymptomatic carriage to respiratory

failure and acute respiratory distress syndrome.2–4 Pneumonia is the

most common indication for hospital admission. A significant

proportion of the patients require intensive care support.5 The

contact and droplet routes are being advocated as the main modes by

leading public health agencies, including WHO. However, these

precautionary measures are still not completely. Various empirical

conducted in countries, including China, Italy, Singapore, and USA,

have elucidated the indoor, as well as outdoor airborne transmission.6

It is well known that the gold standard for the diagnosis of

COVID‐19 infection is considered to be the reverse‐transcriptase

quantitative real time polymerase chain reaction (RT‐qPCR).7 CT cannot

be used alone for the diagnosis of COVID‐19 because of its low

specificity. In the case of negative RT‐qPCR results, CT is useful, but

confirmation of the diagnosis of COVID‐19 should be achieved by

repeat RT‐qPCR or serology. However, chest computed tomography

(CT) has been reported to be diagnostic in the presence of false

negative results of RT‐qPCR. It is not only useful in monitoring

disease progression, but also in evaluating therapeutic efficacy. Despite

the increasing number of patients recovering from COVID‐19, there

are concerns about the long‐term consequences of recovery. There is

sufficient evidence that some survivors of COVID‐19 may develop long‐

term respiratory complications.8–11 Several studies have reported some

CT findings in COVID‐19 pneumonia, however, estimates of risk factors

for severe disease and death are not very robust and research on the

relationship between chest CT remains limited. Information from CT

scans can allocate limited intensive care resources while assisting

emergency physicians in triage of patients.12,13

In contrary to the conventional X‐ray methods, CT scans of chest

can show us more detailed view of blood vessels, lungs and soft

tissue.14 Therefore, artificial intelligence (AI) is needed to learn CT

imaging models in depth. Increasingly, AI methods have been

developed and then used to sense infected patients.15–18

Moreover, to our knowledge, only a few studies have so far analyzed

the relationship between pulmonary infiltrates and emphysema in chest

CT. Our study aimed to describe the relationship between pulmonary

infiltrates and emphysema by means of a CT model in patients of

COVID‐19.19–21

The degree of pulmonary infiltrations and the presence of areas such

as emphysema or bullae are usually analyzed visually on CT scans.22–24

Abnormalities cannot be quantified in numbers or milliliters, making it

difficult to compare results objectively. This is particularly critical in the

current COVID‐19 pandemic situation, where there are many cases of

patients with severe pulmonary infiltrates. Lung CT Analyzer (LTCA)

enables three‐dimensional segmentation of lung CT data and calculation

of individual volumes of pulmonary infiltrates and emphysema. In our

study, we applied it to model the lungs and lesions of COVID‐19 patients

for competitive analysis.25

2 | MATERIALS AND METHODS

The Institutional Review Board (Ethical Committee, Renmin Hospital,

Hubei University of Medicine, Shiyan, China) approved this retro-

spective observational study and waived the requirement for written

informed consent.

2.1 | Study population and data collection

In a large tertiary academic hospital, we conducted this retrospective

cohort study. Consecutive patients admitted to our hospital (Renmin

Hospital, Hubei University of Medicine, Hubei, China) between

February 2 and April 25, 2020 with COVID‐19 infection confirmed by

real‐time reverse transcriptase‐polymerase chain reaction, were

included in our study. The inclusion criteria were as follows: (a)

positive RT‐qPCR results on nasal swabs before or after hospitaliza-

tion, (b) CT examination on admission, (c) hospitalized adult patients

(≥18‐year‐old). Exclusion criteria were: (a) a history of chronic

pulmonary disease, (b) poor quality imaging material.

Patients' smoking history, demographics, date of disease onset

and chest CT were extracted from electronic patient records.

Figure 1 is a flow chart of the study.

2.2 | CT image acquisition and analysis

CT scans of the chest are acquired simultaneously from the base of

the lung towards the apex of the lung, in the supine position

with full inspiration, using either a 64‐slice or a 16‐slice scanner
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(LightSpeed16). All CT acquisitions were performed without contrast

medium. The following parameters were performed: tube voltage,

120 kVp; automatic exposure control of tube current; pitch, 0.8;

collimation, 12–40mm. Images were reconstructed using sharp

kernels and standard lung window settings (width, 1200 HU; level,

−500HU) at slice thicknesses 0.9–1.5 mm. The CT images were all

taken by the two authors of this paper (Y. L. Z., a resident doctor with

2 years of experience, Y. X. Z., an intern doctor) for acquisition.

We used the open‐source 3D Slicer, version 4.13.1 (https://www.

slicer.org) to compare damaged lung volume. Lung CT Analyzer

(Department of Surgery, Kantonsspital Graubünden [KSGR]) is a 3D

Slicer extension for segmentation and spatial reconstruction of infiltrated,

emphysematic and collapsed lung areas in CT scans. We performed a

volumetric analysis and visualization in 3D Slicer (http://www.slicer.org)

via the Lung CT Analyzer project (https://github.com/rbumm/

SlicerLungCTAnalyzer/). The software uses definable threshold ranges

(remaining airways were further excluded through the Airway Segmenta-

tion Module and by imposing a −950HU baseline minimum. Compro-

mised lung was defined by image density over −800HU) to identify five

regions of interest: “Bulla/emphysema,” “Inflated,” “Infiltrated,” “Col-

lapsed” and “Lung Vessel.” Segments are generated using 3DSlicer's

segment editor “Threshold” and “Grow from Seeds” function. The volume

of each segment is calculated by using 3DSlicer's “Segment statistics”

function. The results are then superimposed to the CT 2D views in

standard colors: “Bulla”= black, “Inflated”= blue, “Infiltrated”=yellow,

“Collapsed”= pink, and “Vessel”= red (Figure 2).

In addition, spatial reconstruction (3D) of the diseased lung

segments coudl be performed. The total results of the segmenta-

tion included: total lung volume (100%), right lung volume

(percentage of total lung volume), left lung volume (percentage

of total lung volume), functional right lung volume (inflated,

percentage of right lung volume), functional left lung volume

(inflated, percentage of left lung volume), functional total lung

volume (inflated, percentage of total lung volume), affected right

lung volume (infiltrated and collapsed right lung volume, percent-

age of right lung volume), affected left lung volume (infiltrated

and collapsed left lung volume, percentage of left lung volume),

affected total lung volume (infiltrated and collapsed total lung

volume, percentage of total lung volume).

2.3 | Divide into groups

In Castaldi's study, in %LAA‐950 emphysema of less than 10%, the

predominant lesion lung class was the mild centrilobular pattern. In %

LAA‐950 emphysema greater than or equal to 10%, the moderate

centrilobular pattern would predominate. In addition, as %LAA‐950

emphysema increased, the number of individuals with severe

centrilobular, PL, and PB patterns will also increasd.26 Therefore,

we divided the 66 patients with COVID‐19 into the following two

groups: (A) 12 individuals with %LAA‐950 emphysema less than 10%

and (B) 54 individuals with %LAA‐950 emphysema greater than or

F IGURE 1 A flow chart of the study
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equal to 10%. Although previous study have been done on smokers

and chronic disease, we still use it in the context of COVID‐19

pneumonia as it applies as well.

2.4 | Threshold‐based emphysema measures

The threshold‐based %LAA‐950 measure was calculated for each

lung CT scan by sizing the percentage of the entire lung density

histogram below the 2950 Hounsfield unit threshold separately.

2.5 | Statistical analysis

Data analysis was carried out using Graphpad Prism (version 9) and

SPSS (version 25.0).

We summarized continuous variables using mean ± SD or median

and interquartile range (IQR) when appropriate. Categorical variables

are presented as n (%). The difference in the demographic data

between two clinical groups were compared with Mann–Whitney

U‐test, χ2, and Fischer exact tests using permutation method for

multiple comparisons. Differences between pulmonary infiltrates,

emphysema, Collapsed, affected of patients with CT findings were

assessed by Kruskal–Wallis and Wilcoxon test. In all statistical

analysis, p < 0.05 was considered statistically significant.

Variables with p < 0.5 in the univariate analysis were entered into

a multivariate logistic regression analysis to identify independent risk

factors contributing to %LAA‐950 emphysema above 10%.

3 | RESULTS

3.1 | Clinical findings

The clinical data of the 66 COVID‐19 patients at the time of

admission are shown inTable 1, of whom 54 were in Group A and 12

in Group B. The majority of patients were male (54.5%). The age of

the patients ranged from 19 to 85 years, with a mean of

45.70 ± 14.91 years. The most common clinical symptoms were

fever (52/66, 78.8%) and cough (23/66, 34.8%). Hypertension was

the most common comorbidity of COVID‐19 (8/66, 12.1%), followed

by diabetes (4/66, 6.1%) and coronary artery disease (4/66, 6.1%).

There were significant differences between the two groups in terms

of cough (p = 0.015), dyspnea (p = 0.043), myalgia (p = 0.012). Besides,

it must be noted that the percentage of fever in Group B is 100%.

Table 1 shows the detailed patient characteristics.

F IGURE 2 3D Slicer's segment
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3.2 | Imaging findings

Patients with COVID‐19 were divided into two groups according to

whether their %LAA‐950 emphysema was greater than 10%. In Group A,

%LAA‐950 emphysema was less than 10% and in Group B, %LAA‐950

emphysema was greater than or equal to 10%.We analyzed the CT scans

of patients in both groups. Segments were created based on their

Hounsfield units, using a predefined threshold range.

Overall, the left lung (Group A: left lung 20.00%/right lung 18.50%,

Group B: left lung 13.00%/right lung 11.50%) was the region of the lung

most frequently involved by COVID‐19. In addition, for lung collapse, the

left lung (Group A: left lung 4.95%/right lung 4.65%, Group B: left lung

3.65%/right lung 3.15%) was also more severely affected than the right

lung. There were significant differences between Groups A and B in the

percentage of CT involvement of each lung region (p<0.05), except for

the total lung involved in inflation (p=0.152). There were significant

differences between Groups A and B in the percentage of CT

involvement of each lung region (p<0.05), except for the total lung

involved in inflation (p=0.152). In Group A, the median percentage of

collapsed left lung was 20.00 (14.00–30.00), 18.50 (13.00–30.25) for the

right lung and 19.00 (13.00–30.00) for the total lung. In contrast, the

median percentage of collapsed left lung in Group B was 13.00

(10.00–14.75), 11.50 (10.00–15.00) for the right lung and 12.50

(10.00–15.00) for the total lung (Table 2).

In univariate analysis, almost all factors except cough, dyspnea,

myalgia and total affected lung inflation could influence %LAA‐950

emphysema. In multivariable analysis, patients with COVID‐19 who

had a higher left lung affected were most likely to have greater than

10% %LAA‐950 emphysema (odds ratio 1.28, 95% CI 0.01–10.27;

p = 0.039) (details in Table 3).

3.3 | CT image comparison

Axial chest CT scans of 44‐year‐old women from Group A and

44‐year‐old women from Group B were processed by 3D slice

software and compared side by side (Figure 3).

4 | DISCUSSION

In our study, 66 patients with laboratory‐confirmed COVID‐19

pneumonia were evaluated. All 66 patients were admitted to the

Renmin Hospital, Hubei University of Medicine, China from

TABLE 1 Demographics,
comorbidities, symptoms of patients

Variables

All
patients
(n = 66) A (n = 54) B (n = 12) p Value

Age (years),

median (IQR)

45.70 ± 14.91 46.41 ± 14.63 42.50 ± 16.40 0.531a

Gender, n (%) Male 36 (54.5) 30 (55.6) 6 (50) 0.122b

Female 30 (45.5) 24 (44.4) 6 (50)

Comorbidities
n (%)

Diabetes 4 (6.1) 3 (5.6) 1 (8.3) 0.133b

Hypertension 8 (12.1) 6 (11.1) 2 (16.7) 0.284b

Coronary artery
disease

4 (6.1) 3 (5.6) 1 (8.3) 0.133b

Chronic lung
disease

0 (0) 0 (0) 0 ((0) ‐

Chronic liver
disease

0 (0) 0 (0) 0 (0) ‐

Chronic renal
failure

0 (0) 0 (0) 0 (0) ‐

Malignancy 0 (0) 0 (0) 0 (0) ‐

Postpartum 2 (3.0) 1 (1.9) 1 (8.3) 1.404b

Symptoms Fever 52 (78.8) 40 (74.1) 12 (100) 3.949b

Cough 23 (34.8) 19 (35.2) 4 (33.3) 0.015b

Dyspnea 15 (22.7) 12 (22.2) 3 (25.0) 0.043b

Myalgia 5 (7.6) 4 (7.4) 1 (8.3) 0.012b

Abbreviation: IQR, interquartile range.
aFischer's exact test.
bχ2 test.
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February 2, 2020 to April 25, 2020. Patients were divided into

two groups based on a threshold of %LAA‐950 emphysema of

10%. Through Castaldi's report, we know that as %LAA‐950

emphysema increases, so do individuals with severe centrilobular,

PL, and PB types. The Lung CT Analyzer of the 3D Slicer was used

to assess the percentage of involvement of each lung region

between the two groups.

Our findings indicated that common clinical symptoms, such as

cough, dyspnea, and myalgia, affected both groups of patients. Based

on an in‐depth analysis of the percentage of patients involved in each

TABLE 2 Comparison of the
percentage of involvement of each lung
zone between the two groups

Segment Lung A (%) B (%) p Value

Inflated affected Total 77.00 (69.25–84.00) 73.00 (72.00–74.00) 0.152

Left 81.00 (70.00–86.00) 88.00 (83.50–90.75) <0.001

Right 81.50 (69.75–87.00) 88.50 (85.00–90.00) <0.001

Emphysema Total 1.05 (0.30–2.85) 13.85 (10.43–17.90) <0.001

Left 1.30 (0.40–3.73) 14.00 (11.53–18.73) <0.001

Right 0.85 (0.20–2.50) 13.75 (10.18–16.83) <0.001

Infiltrated Total 14.65 (9.53–22.40) 8.75 (7.10–11.35) 0.001

Left 14.55 (9.93–22.50) 9.40 (6.80–11.15) 0.001

Right 13.95 (9.30–22.33) 8.40 (7.33–11.48) 0.003

Collapsed Total 4.75 (4.10–7.10) 3.45 (2.93–3.93) <0.001

Left 4.95 (4.18–6.93) 3.65 (2.95–4.00) <0.001

Right 4.65 (3.88–6.75) 3.15 (2.83–3.78) <0.001

Affected Total 19.00 (13.00–30.00) 12.50 (10.00–15.00) 0.001

Left 20.00 (14.00–30.00) 13.00 (10.00–14.75) 0.001

Right 18.50 (13.00–30.25) 11.50 (10.00–15.00) 0.001

Note: Median of the percentage, the confidence interval for the median.

TABLE 3 Univariable and
multivariable analysis and their
associationsVariable

Univariate
analysis

Multivariate
analysis

OR 95% CI p Value OR 95% CI p Value

Cough 0.92 0.24–3.46 0.901 ‐ ‐ ‐

Dyspnea 1.17 0.27–5.00 0.841 ‐ ‐ ‐

Myalgia 1.14 0.12–11.18 0.912 ‐ ‐ ‐

Inflated
affected

Total 1.00 0.95–1.05 0.841 ‐ ‐ ‐

Left 1.38 1.08–1.77 0.010 1.14 0.52–2.51 0.744

Right 1.32 1.05–1.65 0.015 1.24 0.08–18.27 0.878

Infiltrated Total 0.75 0.58–0.97 0.025 ‐ ‐ 0.455

Left 0.73 0.56–0.96 0.022 ‐ ‐ 0.505

Right 0.79 0.63–0.98 0.029 ‐ ‐ 0.508

Collapsed Total 0.05 0.01–0.33 0.002 ‐ ‐ 0.706

Left 0.06 0.01–0.38 0.003 8.02 ‐ 0.879

Right 0.08 0.02–0.38 0.002 0.47 ‐ 0.947

Affected Total 0.76 0.60–0.96 0.019 16.9 ‐ 0.088

Left 0.71 0.54–0.93 0.014 1.28 0.01–10.27 0.039

Right 0.78 0.63–0.96 0.018 0.61 0.02–25.11 0.797

Note: Bold value indicate statistical significance p < 0.05.
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lung zone in both groups, we found that the left lung was the most

frequently involved site in COVID‐19. Particularly, left lung collapse

was more severe than the right lung collapse in both Group A and

Group B. Additionally, inflated affected left lung and right lung,

emphysema left lung and right lung and total lung, infiltrated left lung

and right lung and total lung, collapsed left lung and right lung and

total lung, affected left lung and right lung and total lung all differed

significantly between the two groups. Using univariate and multi-

variate analysis, it was then concluded that a greater proportion of

the left lung was affected in COVID‐19 patients, most likely resulting

in %LAA‐950 emphysema greater than 10%.

In this study, we used the Lung CT Analyzer to identify five

regions of interest. Patients were classified by one of these

indicators, namely %LAA‐950 emphysema. We have confirmed that

there are significant differences between the two groups in the other

four regions, even down to the exact location of the lungs. Although

there have been a number of studies on the relationship between

lung CT and the clinical features of patients with COVID‐19,27–29 few

studies have begun by grouping patients appropriately. It is now

important to recognize which patients may be serious and which may

have been neglected. This is particularly important in the judgment of

the patients. People with lower lung emphysema may have more

collapsed segments. The collapsed segments there are, the more

likely they are to lead to more serious clinical feature. Certainly, RT‐

qPCR‐based nucleic acid testing is always the most important

reference standard for diagnosis. However, early CT examinations

can also play an important role in helping to manage patients in the

emergency department in the first instance.

We are all aware that recent studies have demonstrated that CT

of the chest plays a very vital role when RT‐qPCR results are false

negative in patients with COVID‐19.30,31 It has also been reported

that for COVID‐19, CT has a sensitivity of 98%.32 Additionally,

according to the official diagnostic and therapeutic protocol of the

Chinese National Health Council (6th edition), CT examinations can

not only diagnose COVID‐19, but also monitor disease progression

and assess outcomes. In the past, we always focused on CT imaging

features, such as ground glass opacities (GGO), crazy paving patterns,

airway changes and reversed halo signs.33–38 In this study, we used

software to split CT imaging into several parts for comparison. It

could shed light on possible mechanisms of lung injury in COVID‐19

and also provide better identification and accurate diagnosis.

Nowadays, computer vision‐based detection algorithms for the

detection of COVID‐19 patients still receive less attention. Our study

was retrospective and, therefore, a prospective empirical study is

needed to validate our view.2,39–42

Our study has the following limitations. First, due to the

retrospective nature of the study design, selection bias may occur.

In addition, a longer follow‐up period, larger sample size and baseline

CT examination would be required to describe the full population of

COVID‐19 patients.43–45

5 | CONCLUSION

Computer vision and artificial intelligence methods can extract

features from radiological images, saving critical time for disease

control and management. In COVID‐19, this approach was ahead of

pathogenicity testing in terms of time to diagnosis.46 Based on our

retrospective study, patients in COVID‐19 can be divided into two

groups of %LAA‐950 emphysema less than or greater than 10%, with

significant differences in patients between the groups. Patients with

less than 10% may have more serial features. Attention also needs to

be paid to the patient's left lung, as it was more affected. Moreover,

the percentage of affected left lung was an independent predictor of

F IGURE 3 Forty‐four‐year‐old women from Group A and 44‐year‐old women from Group B were processed by 3D slice software and
compared side by side
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emphysema in COVID‐19 patients. An AI approach to CT imaging can

reshape workflow, minimize the need for patient interaction, assist in

automating the diagnosis process and improve the practice of

attending physicians and radiologists.
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