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Abstract
Purpose To describe the prognostic value of pulmonary artery (PA) trunk enlargement on the admission of in-hospital 
patients with severe COVID-19 infection by unenhanced CT image.
Materials and methods In-hospital patients confirmed COVID-19 from January 18, 2020, to March 7, 2020, were retrospec-
tively enrolled. PA trunk diameters on admission and death events were collected to calculate the optimum cutoff using a 
receiver operating characteristic curve. According to the cutoff, the subjects on admission were divided into two groups. Then 
the in-hospital various parameters were compared between the two groups to assess the predictive value of PA trunk diameter.
Results In the 180 enrolled in-hospital patients (46.99 ± 14.95 years; 93 (51.7%) female, 14 patients (7.8%) died during 
their hospitalization. The optimum cutoff PA trunk diameter to predict in-hospital mortality was  > 29 mm with a sensitiv-
ity of 92.59% and a specificity of 91.11%. Kaplan–Meier survival curves for PA trunk diameter on admission showed that 
a PA trunk diameter  > 29 mm was a significant predictor of subsequent death (log-rank  < 0.001, median survival time of 
PA > 29 mm was 28 days).
Conclusion PA trunk enlargement can be a useful predictive factor for distinguishing between mild and severe COVID-19 
disease progression.
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Introduction

A novel coronavirus has caused a global outbreak of a res-
piratory illness termed COVID-19 since December 2019. 
There were more than 39 million patients with confirmed 
COVID-19 worldwide by mid-October and more than 
1.1 million deaths. One of the key issues has been the very 
high volume of patients presenting to health centers or 

hospitals during the outbreak. This high demand, especially 
the need for critical care support, clearly overwhelms the 
available human and mechanistic capacities. An academi-
cian of the American Society for Radiation Oncology called 
for the immediate establishment of a CT-based diagnostic 
method for COVID-19 and improvement of the detection 
rate of SARS-CoV-2 [1]. In such a setting, another solution 
with sufficient accuracy is needed to guide the quick man-
agement of patients who present to the hospital during this 
pandemic. Thus, early and effective predictors of clinical 
outcomes are urgently needed for the risk stratification of 
COVID-19 patients.

The advantages of CT in the diagnosis of COVID-19 are 
obvious, as this method has great value for early screening, 
differential diagnosis, and disease severity assessments [2]. 
While the virus does have a predilection for the lungs, the 
infection also affects the entire body and seriously affects 
the cardiovascular system [3]. Pulmonary artery (PA) 
trunk enlargement is a well-known indicator suggestive of 
hemodynamic instability, such as acute central pulmonary 
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embolism and heart failure [4–6]. The dilation of PA trunk 
likely reflects cardiac and vascular injury, abnormal blood 
coagulation in addition to the intrapulmonary inflamma-
tion. However, the prognostic value of this parameter and 
the optimal cutoff of PA trunk diameter on unenhanced CT 
images to predict mortality have not been well evaluated. 
The purpose of this study was to describe the prognostic 
value of pulmonary artery (PA) trunk diameter enlargement 
on unenhanced CT image in patients with severe COVID-19 
infection.

Materials and methods

Patient cohort

This was a retrospective study conducted in Jingmen 
Wuhan Province, China, which was a designated hospital 
for COVID-19 patients. The inclusion criteria were con-
secutive adult patients (aged 18 years or older) with lab-
oratory-confirmed COVID-19 who underwent at least one 
chest CT scan between 18 January 2020 and 7 March 2020 
at a single center. The diagnosis of COVID-19 was made 
according to the World Health Organization interim guid-
ance and confirmed by RNA detection of SARS-CoV-2 in 
an onsite clinical laboratory. A total of 180 participants were 
retrospectively screened. The study was approved, and the 
requirement for informed consent was waived by the ethics 
commission.

Data collection

All clinical, CT imaging, laboratory, and outcome data were 
extracted from electronic medical records using a standard-
ized data collection form.

CT protocol

All examinations were performed on a GE LightSpeed VCT 
or on a GE Optima CT660 (General Electric Company, Fair-
field, CT, USA). To minimize motion artifacts, patients were 
instructed on breath-holding; CT images were then acquired 
during a single breath-hold, axial images were acquired with 
a 0.625 mm slice thickness (120 kVp, 150 mAs, 512 × 512 
matrix) and sagittal and coronal images were reconstructed 
with a slice thickness of 0.6–0.7 mm.

Image analysis: chest CT patterns of COVID-19 and PA 
trunk diameter were independently analyzed by three chest 
radiologists (N.Z.F., C.C. and Y.T. with 15, 10 and 5 years of 
experience, respectively) on a PACS workstation (Tomtaw 
International Group, Eword V 5.0.2.43 (× 86), China). The 
readers were blinded to the patients’ status as well as the 
clinical and biological features.

Pulmonary artery trunk diameter was measured of the 
widest portion of the main pulmonary artery within 3 cm 
of the bifurcation (Fig. 1). At some of the time, pulmonary 
artery bifurcation and the widest portion of the pulmonary 
trunk do not appear in the same single slice of the CT scan. 
In this situation, multiplanar reconstruction (MPR) measure-
ment should be used. The measurement must be obtained 
orthogonal to the long axis of the main pulmonary artery 
trunk within 3 cm of the bifurcation in the axial reformatted 
plane. Discordance was resolved by discussion between the 
radiologists to reach consensus.

The abnormal radiological findings of CT reported were 
performed as in previous studies [7, 8], using terms includ-
ing ground-glass opacity (GGO), crazy-paving pattern, and 
consolidation for quantitative evaluation of the progression 
of COVID-19 pneumonia. The base CT score was assigned 
according to the extent of GGO involvement in the lobes 
(with a maximum score of 5 possible for each of the five 
lobes), which scores defined as follows: 0, no involvement; 
1, < 5% involvement; 2, 5–25% involvement; 3, 26–49% 
involvement; 4, 50–75% involvement; and 5,  > 75% involve-
ment. Weight assignments were different for the three cat-
egories of CT findings (i.e., GGO, crazy-paving pattern, 
and consolidation). If the crazy-paving pattern appeared 
in one lobe, the base CT score was increased by 1, and if 
consolidation appeared (either with or without the crazy-
paving pattern), the base CT score was increased by 2. 
Therefore, a maximum CT score of 7 was possible for each 
lobe. The total CT score was the sum of the individual lobar 
scores and ranged from 0 (no involvement) to 35 (maximum 
involvement), with the highest possible CT score indicating 

Fig. 1  Pulmonary artery trunk measurement on axial Chest CT Imag-
ing. The measurement (red line) must be obtained in the axial plane, 
orthogonal to the long axis of the main pulmonary artery within 3 cm 
of the bifurcation
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consolidation in all five lobes (Figs. 2, 3). Details regarding 
the evaluation of lobe involvement may be found in previous 
study by Ooi et al. [9].

Unenhanced MDCT was performed on every in-hospital 
patient on admission. Blood samples were also collected 
after admission for routine laboratory tests, such as C-reac-
tion protein, procalcitonin and coagulation profile, and 
serum biochemical tests (including renal and liver function) 
performed in an onsite laboratory.

Statistical analysis

Continuous and categorical variables are presented as the 
median ± standard deviation or median (interquartile range, 
IQR), as appropriate. Categorical variables are presented 
as n (%). Event frequencies were compared with the chi-
square test. Other comparisons between two groups were 
made with unpaired Student t test or the Mann–Whitney 
U test. Then we used both univariate analysis and multi-
variate regression analysis to test for this association after 
proportional hazard assumption using Schoenfeld’s method. 
For multivariate analysis, factors achieving P < 0.10 in uni-
variate analysis were used a forward stepwise procedure for 
estimating hazard ratios (HRs) and 95% CIs. Multivariate 

Cox regression analysis proved that PA trunk diameter is an 
independent prognostic factor for adverse outcomes. The 
PA trunk diameter cutoff point was evaluated by receiver 
operator characteristic (ROC) curve. The outcomes were 
compared by Kaplan–Meier survival analysis. The hazard 
ratio (HR) and 95% confidential interval (95% CI) were cal-
culated by log-rank tests. A P < 0.05 was accepted as statis-
tically significant. All statistical analyses were performed 
using IBM SPSS version 23.0 (IBM SPSS Statistics, IBM 
Corporation, Armonk, NY) and MedCalc (MedCalc 15.2.2 
version, MedCalc Inc., Mariakerke, Belgium).

Results

Baseline characteristics and establishing 
an optimum cutoff value for PA trunk diameter 
on admission

The 180 eligible patients had a median age of 47 years 
(IQR 35–57 years), ranging from 18 to 90 years. In total, 
41/180 patients were older than 57 years. 93 patients were 
female. Comparison of basic clinical characteristics of the 
in-hospital patients on admission (the first time in hospital), 

Fig. 2  27-Year-old man with coronavirus disease pneumonia in the mild condition on admission. a–c Ground-glass opacity (GGO) was observed 
in two upper lobes and right middle lobe on admission, for total CT score of 7. d The diameter of the pulmonary trunk was  ≤ 29 mm
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including age, sex, previous history, between survior and 
non-survior is shown in Table 1. A total of 14 all-cause 
deaths occurred during hospitalization, and there were 166 
survivors; The first time CT score and PA trunk diameters 
were significantly different between the survior and non-sur-
vior. To identify predictors for death, we performed a univar-
iate Cox regression analysis followed by a multivariate Cox 
regression analysis in Table 2. CRP and PA trunk diameter 
on admission were independent risk factors. The optimum 
cutoff value (0.965) for PA trunk diameter was obtained by 
ROC curve (Fig. 4), with a sensitivity of 92.59% and a speci-
ficity of 91.11%. Patients in this study were divided accord-
ing to PA trunk diameter (PA > 29 mm and PA ≤ 29 mm). 
There were significant differences  between  groups  for 
most variables (Table 3). Compared to patients with PA 
trunk diameters ≤ 29 mm, patients with PA trunk diam-
eters > 29 mm had a higher incidence of underlying dis-
eases, such as diabetes, cardio-cerebrovascular diseases, and 
chronic kidney disease (P < 0.001). There were differences 
between the two groups in the incidence of underlying dis-
eases, such as diabetes (P < 0.001), coronary heart disease 
(P < 0.001) and chronic kidney disease (P < 0.001). Addi-
tionally, higher levels of LDH (P < 0.001), CRP (P < 0.001), 
D-dimer (P < 0.001), PCT (P < 0.001) and lower levels of 

lymphocyte (P < 0.001) were observed in patients with PA 
trunk diameters > 29 mm.

Dilated PA trunk as a predictor of mortality

Kaplan–Meier survival curves (Fig. 5) for PA diameter 
on admission showed that a PA trunk diameter > 29 mm 
was a significant predictor of subsequent death (log-
rank P < 0.001, median survival time of PA > 29 mm was 
28 days).

Discussion

In this retrospective study, a PA trunk diameter greater than 
29 mm on admission was identified as an independent pre-
dictor of severe disease. This study presented a well-estab-
lished cutoff value to predict adverse outcomes in patients 
with COVID-19. Current guidelines [10] recommend per-
forming unenhanced chest CT to assess for COVID-19 CT 
patterns. However, CT should not be performed only as a 
screening test in patients with or without symptoms. CT may 
also be helpful in patients with moderate and severe symp-
toms. Prior reports [11] have suggested that myocarditis and 

Fig. 3  50-Year-old man with coronavirus disease pneumonia in the 
severity condition on admission. a–c Severe pulmonary parenchyma 
consolidation with partial crazy-paving pattern was observed on 

admission, for total CT score 30. d The diameter of the pulmonary 
trunk was > 29 mm used MPR measurement
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coagulopathy are associated with COVID-19 infection and 
ultimately predict a more unfavorable prognosis. The above 
laboratory data indicate that the group with PA trunk diam-
eters > 29 mm on admission has statistically more serious 
inflammation and heart injuries, consistent with literature 
reports of patients with severe disease. The study by Gril-
let et al. [12] points to a high prevalence of acute pulmo-
nary embolism in patients with severe COVID-19. Addi-
tional contrast-enhanced CT and echocardiography may be 

required in patients with pulmonary embolism and myocar-
ditis. Creel-Bulos et al. [13] analyzed five SARS-CoV-2-pos-
itive ICU patients with acute right ventricular dilatation and 
impaired systolic function, showing that additional contrast-
enhanced CT is indicated for patients with suspected com-
plications. However, the use of contrast is contraindicated 
in certain patients, such as those with renal insufficiency, 
and excessive use of multidetector contrast-enhanced test 
(such as CT pulmonary angiography (CTPA)) may result in 

Table 1  Baseline characteristics of 180 in-hospital patients with COVID-19 on admission between survivor and non-survivor

Data are the mean ± SD, median (IQR), or n (%). P values were calculated with the t test, Mann–Whitney U test, or χ2 test, as appropriate
IQR interquartile range, PA pulmonary artery, COPD chronic obstructive pulmonary disease, CRP including 4 missing survivor data), PCT 
including 12 missing survivor data, D-dimer including 2 missing non-survivor and 20 survivor data, LDH lactate dehydrogenase, CK-MB cre-
atine kinase isoenzymes, CRP C-reaction protein, PCT procalcitonin

Variable Total (n = 180) Survivor (n = 166) Non-survivor (n = 14) P value

Age (years) 46.99 ± 14.95 45.87 ± 14.43 60.36 ± 15.05  < 0.001
Female, n (%) 93 (51.7%) 86 (51.8%) 7 (50.0%) 0.558
CT score 14.12 ± 8.79 26.29 ± 7.46 13.10 ± 8.11  < 0.001
PA trunk diameter 25.80 ± 3.81 33.2 ± 3.76 25.2 ± 3.10  < 0.001
Underlying condition
 Diabetes (type 2), n (%) 14 (7.8%) 9 (5.4%) 5 (35.7%) 0.002
 Cardio-cerebrovascular disease, n (%) 36 (20%) 25 (15.1%) 11 (78.6%)  < 0.001
 Chronic kidney disease, n (%) 10 (5.6%) 2 (1.2%) 8 (57.1%)  < 0.001
 COPD 2 (1.1%) 2 (1.2%) 0 (0.0%) 0.850

Routine text on admission
 LDH (U/L) (IQR) 186.5 (160, 235.5) 182.50(157.75,226.00) 307.00(277.00,490.25)  < 0.001
 CK-MB (U/L) 10.15 ± 5.90 9.96 ± 5.75 12.43 ± 7.35 0.133
 CRP (mg/L) (IQR) 8.85 (3.00, 18.10) 7.65(2.60, 14.85) 86.65(45.68, 95.62)  < 0.001
 PCT (ng/L) (IQR) 0.05 (0.03, 0.08) 0.04(0.03, 0.07) 1.05 (0.13, 5.74)  < 0.001
 D-dimer (mg/L) (IQR) 0.355 (0.210, 0.692) 0.300(0.210, 0.617) 1.170(0.700, 4.575)  < 0.001
 Lymphocyte  (109/L) (IQR) 1.205 (0.853, 1.530) 1.25(0.928, 1.583) 0.505 (0.340, 0.685)  < 0.001
 Neutrophil  (109/L) (IQR) 2.86 (1.953,4.060) 2.67(1.935, 3.963) 4.16 (2.588, 7.703) 0.033

Table 2  Univariate and stepwise multivariate Cox hazard analysis for future adverse events

Variables (on admission) with P < 0.1 in univariate analysis were applied to a multivariate analysis
SE standard error, HR hazard ratio

Variable Univariate analysis Multivariate analysis

β coefficient SE P HR β coefficient SE P HR (95% CI)

Lymphocyte (109/L) –4.805 1.106  < 0.001 0.008
LDH (U/L) 0.006 0.001  < 0.001 1.006
CK-MB 0.037 0.038 0.332 1.037
CRP 0.057 0.009  < 0.001 1.058 0.038 0.10  < 0.001 1.039 (1.018–1.061)
CT score 0.171 0.041  < 0.001 1.187
PA diameter 0.501 0.08  < 0.001 1.650 0.380 0.094  < 0.001 1.462 (1.216–1.757)
Age (years) 0.055 0.017 0.002 1.057
Cardio-cerebrovascular disease 2.740 0.659  < 0.001 15.481
Chronic kidney disease 3.914 0.585  < 0.001 50.113
Diabetes (type 2) 1.825 0.601 0.002 6.205
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excessive radiation exposure. Unenhanced MDCT may offer 
a rapid indication of the degree of severity. Rapid diagno-
sis of the degree of severity has been shown to reduce the 
mortality rate. Therefore, we focused on other structures on 
unenhanced CT, such as the mediastinum, vasculature, heart 
and pleura, that might be used as alternative signs to predict 
the outcome. It is important that radiologists establish an 
accurate diagnosis of severity based on unenhanced MDCT 
data as soon as possible. In the current study, a clear cutoff 
value (PA trunk diameter > 29 mm) for PA trunk diameter 
was well established by ROC curve analysis. Notably, of 
the 14 non-survivors with PA trunk diameters  > 29 mm, 4 
had no severe symptoms on admission. Thus, for patients 
who have a large PA trunk diameter, admission to the hos-
pital and close monitoring should be considered even in the 
absence of other severe symptoms.

A dilated PA trunk indicated an urgent need for care in 
patients with COVID-19, which might be attributed to sev-
eral reasons, as follows. First, pro-inflammatory cytokines 
mediate an inflammatory response and cause lung paren-
chyma abnormalities, and edema formation disturbs alveolar 
gas exchange and causes hypoxemia. In parallel, pulmonary 

vascular resistance increases in response to pro-inflamma-
tory mediators, resulting in increased right ventricular after-
load and pulmonary trunk dilation [3]. Second, hypoxemia 
can stimulate thrombosis in patients with severe disease. 
Pulmonary embolus was the direct cause of right ventricular 
failure and pulmonary trunk dilation [11]. The direct sign of 
pulmonary embolism is pulmonary artery distension. Hospi-
talized patients, especially patients with severe COVID-19, 
were more likely to have underlying conditions, long-term 
bed rest and invasive treatment, which are all risk factors for 
hypercoagulation or thrombosis. Third, viral infection may 
be the most common cause of myocarditis, which shows a 
rapid onset and dramatically accelerated progression towards 
severe heart failure. The virus infects host cells through 
angiotensin-converting enzyme 2 (ACE2) receptors, which 
can lead to acute myocardial injury. Some patients with 
severe disease may rapidly develop impaired heart pump 
function and have symptoms of passive pulmonary conges-
tion and even acute respiratory distress syndrome (ARDS). 
Fourth, laboratory data provide an essential contribution 
to clinical decision making in this and many other infec-
tious diseases. It was well confirmed in our data that in the 

Fig. 4  Receiver operator char-
acteristic curve of pulmonary 
trunk measurements for predict-
ing deaths. The optimum cutoff 
point, identified as the point 
closest to the upper left corner, 
was 29 mm, with a 92.59% 
sensitivity and 91.11% specific-
ity. The area under the receiver 
operator characteristic curve 
was 0.96
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Table 3  Baseline characteristics of 180 in-hospital patients with COVID-19 on admission between PA groups

Data are the mean ± SD, median (IQR), or n (%). P values were calculated with the t test, Mann–Whitney U test, or χ2 test, as appropriate
IQR interquartile range, LDH lactate dehydrogenase, CK-MB creatine kinase isoenzymes, CRP C-reaction protein, PCT procalcitonin, CRP 
including 4 missing data in PA ≤ 29 mm group, PCT including 11 missing data in PA ≤ 29 mm group and 1 missing data in PA > 29 mm group, 
D-dimer including 18 missing data in PA ≤ 29 mm group and 4 missing data in PA > 29 mm group

Variable Total (n = 180) PA diameter ≤ 29 (n = 151) PA diameter > 29 (n = 29) P value

Age, years (IQR) 47 (35.0, 56.8) 45 (34.0, 56.0) 56 (43.5, 71.5) 0.022
Female, n (%) 93 (51.7) 75 (49.7) 18 (62.1) 0.221
CT score-first time 14.12 ± 8.79 13,16 ± 8.03 19.14 ± 10.80 0.006
Highest CT score 14.86 ± 8.85 13.74 ± 8.00 20.69 ± 10.75 0.002
Unilateral or bilateral pleural effusion, n (%) 14(7.8) 4 (2.6) 10 (34.5)  < 0.001
Pericardial effusion, n (%) 11(6.1) 6 (4.0) 5 (17.2) 0.006
Mediastinal lymphadenopathy, n (%) 12(6.7) 5 (3.3) 7 (24.1)  < 0.001
Underlying condition
 Diabetes (type 2), n (%) 12 (6.7) 6 (4.0) 6 (20.7) 0.001
 Cardio-cerebrovascular disease, n (%) 35 (19.8) 23 (15.2) 12 (41.4) 0.001
 Chronic kidney disease, n (%) 10 (5.6) 2 (1.3) 8 (27.5) 0.001
 COPD 2 1 1 -

Routine test
 LDH (U/L) (IQR) 246.9 (146.00, 219.00) 168 (144, 207.5) 224 (166, 328)  < 0.001
 CK-MB (U/L) 10.15 ± 5.90 9.99 ± 5.93 11 ± 5.8 0.399
 CRP (mg/L) (IQR) 12.08 (1.50, 10.05) 3.3 (1.50, 8.40) 10.4 (2.75, 55.45)  < 0.001
 PCT (ng/L) (IQR) 0.04 (0.03, 0.07) 0.04 (0.03, 0.06) 0.095 (0.475, 2.50)  < 0.001
 D-dimer (mg/L) (IQR) 0.46 (0.24, 0.96) 0.405 (0.23, 0.775) 1 (0.65, 6.79)  < 0.001
 Lymphocyte  (109/L) (IQR) 1.27 ± 0.57 1.32 ± 0.547 0.99 ± 0.59 0.003
 Neutrophil  (109/L) (IQR) 3.46 ± 2.432 3.39 ± 2.28 3.79 ± 3.12 0.418

Fig. 5  Kaplan–Meier survival 
curves for PA trunk diameter 
on admission showed that a 
PA trunk diameter > 29 mm 
was a significant predictor of 
subsequent death (log-rank 
P < 0.001, median survival time 
of PA > 29 mm was 28 days)
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group with enlarged PA trunks, CRP, PCT, and LDH were 
frequently elevated. In particular, serial PCT is a potential 
biomarker of bacterial superinfection (either pulmonary or 
systemic), but these values do not substantially change in 
patients with viral infections. PCT was found to be associ-
ated with a nearly fivefold increased risk for severe disease 
[14]. In the group with PA trunk enlargement, the substan-
tial increase in PCT would reflect myocardial infection and/
or bacterial coinfection. There were obvious differences 
between the two groups in the incidence of underlying dis-
ease. Elderly patients with comorbidities are at a higher risk 
for COVID-19, especially those with coronary heart disease, 
hypertension, chronic kidney disease or diabetes. Pericardial 
effusion and pleural effusion were uncommon imaging find-
ings in these patients, but patients with severe disease and 
a PA trunk diameter > 29 mm showed higher incidences of 
these conditions than ordinary patients, which is consistent 
with the literature reports [15].

This study has several limitations. First, even though 
our study had sufficient power to detect significant differ-
ences in mortality between groups, it might have selec-
tion bias because this was a single-center, retrospective 
study. Second, due to differences in access to medical 
resources, the duration from illness onset to admission for 
the included patients might not be representative, which 
might influence the PA trunk measurements. Third, a mul-
tiple-parameter prediction model including PA measure-
ments and other variables might provide better predictive 
ability for COVID-19 patients. Fourth, this study does not 
describe the progression of PA trunk changes as the patient 
progresses to severe disease. Dynamic measurement of 
the PA trunk will reveal more information. The purpose 
of this study was to explore markers of severe disease in 
COVID-19 patients. Accordingly, the results from this 
study demonstrate that a PA trunk > 29 mm is a predictor 
for in-hospital death.

In conclusion, a PA trunk diameter > 29 mm could effec-
tively predict in-hospital mortality in patients with COVID-
19, indicating that PA trunk diameter could be an early and 
helpful marker to improve the management of COVID-19 
patients.
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