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INTRODUCTION 

Coronavirus disease 2019 (COVID-19), the 

pandemic caused by the novel coronavirus 

known as severe acute respiratory syndrome 

coronavirus 2 (SARS-CoV-2), was first 

identified in Wuhan, China in December 2019. 

The pandemic has significant  impact on health 

and economic status 
(1)

.  Patients with COVID-

19 present with an acute respiratory illness of 
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Background. Majority of patients infected with coronavirus disease 2019 (COVID-19) 

present with an acute respiratory illness of varying severity. Chest computerized 

tomography (CT) is one of the important steps in the diagnostic work-up of pulmonary 

involvement. Cardiovascular complications including pulmonary arterial (PA) 

abnormalities have been recently emphasized upon. This study aims to evaluate the 

relationship between severity of pulmonary infection and pulmonary artery/aorta (PA/AA) 

ratio on chest CT scan. Material and Methods. This cross section study was conducted on 

74 patients with confirmed diagnosis of COVID-19 who underwent chest CT scans.. 

Radiologists assessed every CT examination and graded the extent of pulmonary 

involvement and severity score obtained. The diameters of PA and aorta were measured 

and PA/AA ratio was then calculated. Results. Among 74 patients, 28 patients have 

abnormal PA/AA ration (>1) . Twenty four patients (32.2%) were classified as mild, 39 

(52.7%) as moderate and 11 (14.8%) as severe, with  statistically significant difference 

regarding presence of abnormal PA/AA ratio (P> 0.05) specially in patients with severe 

pulmonary involvement. There was no significant difference regarding gender and age 

groups. There was no statistically significant relationship between PA/AA ratio  and 
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varying severity 
(2).

 Chest computed 

tomography (CT) scan is commonly used for 

diagnosis and severity assessment of COVID-

19 pneumonia 
(3)

 and recommend for subjects 

with moderate to severe cases or in those with 

unexplained deterioration of respiratory status 
(4)

. Radiological findings pulmonary changes in 

patients affected by COVID-19 are readily 

detectable with CT and reflect the 

pathophysiological changes 
(5, 6). 

Usually 

bilateral and asymmetrical, these findings 

include ground-glass opacities (GGO), 

consolidation, crazy-paving pattern, and less 

frequently nodules, bronchial wall thickening, 

vascular enlargement, bronchiectasis, septal 

thickening,  pleural effusion, lymphadenopathy 

and subpleural bands 
(7, 8)

. Severity of 

pneumonia has been linked to an increased risk 

of death and extensive changes on CT were 

found to be associated with a worse prognosis 

and higher mortality 
(9)

. The ratio between the 

diameter of the pulmonary artery (PA)  and that 

of the ascending aorta (AA)  measured using 

chest CT scan, to assess pulmonary 

hypertension correlates with results from 

invasive measures of PA pressure 
(10, 11)

. 

PA/AA ratio >1 was suggested to be a reliable 

indicator of pulmonary hypertension 
(12)

. In 

patients with chronic obstructive airway 

disease (COPD), PA/AA >1 is related to an 

increased rate of severe exacerbations and 

considered as an independent predictor of 

morbidity and mortality 
(13, 14, 15)

. Because 

PA/AA ratio can be easily assessed on 

unenhanced CT scans, we hypothesized that  

this ratio can represent a useful  prognostic 

index in patients with COVID-19 infection. We 

therefore performed this cross-sectional study, 

aiming to measure PA/AA on chest CT scans 

performed during acute infection and assess its 

correlation with severity of radiological 

pulmonary involvement.
 
 

MATERIAL AND METHODS  

This hospital-based cross-sectional study was 

conducted on 74 patients with confirmed 

diagnosis of COVID-19 between February 

2020 and October 10, 2020. Inclusion criteria 

were adult (> 18 years) patients having positive 

diagnosis of COVID-19 by real-time reverse 

transcriptase polymerase chain reaction (RT-

PCR) assay, who underwent chest CT imaging. 

Patients with history of any pulmonary or 

cardiovascular disease and suboptimal CT 

image quality were excluded.  Demographic 

data, past medical history, laboratory tests and 

presenting signs and symptoms were obtained 

from patients. Because of non-interventional 

nature of the study, oral consent was taken 

from every patient to include their data in the 

study and the study was approved by the 

Institutional Review Board. Chest CT 

examination: All patients underwent non-

enhanced chest CT using the same 64-slice CT 

scanner (Siemens Healthineers, Erlangen, 

Germany) in supine position during end-

inspiration. CT protocol was utilized with the 

following parameters: Gantry rotation time of 

0.5 seconds, 0.625 mm, pitch of 1.4, table 

speed of 45.2 mm/rotation, 30 mAs,120 kVp, 

and a 300X300 matrix. A 5 mm slice thickness 

and 1mm reconstruction interval were used for 

sagittal and coronal image reconstruction. Two 

expert radiologists (first with 18 years and the 

second with 10 years of experience in general 

and thoracic radiology) independently 

evaluated the CT images. Both observes were 

blinded to the laboratory data, clinical features 

and diagnosis. They reached a final decision by 

consensus and when disagreement occurs, a 

third radiologist was consulted for his opinion. 

All CT images were viewed in multiplanar 

sections, including axial, sagittal and coronal 

planes, and evaluated as follow: 

1- Pattern of lung involvement was classified 

as GGO, consolidation, crazy paving or mixed. 

Imaging findings like pleural effusion, reversed 

halo sign, bronchial wall thickening and 

lymphadenopathy were also documented. 

2-The severity of lung involvement on chest 

CT was assessed in two steps: firstly, each lobe 
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was assigned a score between 1 and 5 

according to the percentage of lobe 

involvement 
(16)

; where 1 is given when <5% 

of the lobe is involved, 2 when 5–25%, 3 when 

25–50%, 4 when 50–75% and maximum of 5 is 

given when > 75% of lobe is affected. By 

summation of score of the 5 lobes of both 

lungs, we obtain a total score of 25 (for 

example 5/25, 15/25, 22/25,,,etc). Therefore 

each patient will have a score between (0), 

denoting no lung involvement, to (25), 

denoting the maximum lung affection. 

Secondly, according to the total score, cases 

are classified into three categories (Fig. 1) into: 

mild (score 0-8) ; moderate (score 9-15) and 

severe (score >15).  

3- PA/AA ratio was calculated as the ratio of 

the PA diameter measured at the level of the 

PA bifurcation to the ascending aorta diameter 

measured using the same CT section on 

mediastinal windows (Fig. 2). Abnormal 

PA/AA ratio was defined as PA/AA>1.  

 

Figure No.1: Non –enhanced chest CT scans  of  different patients with acute COVID-19 infection, 

showing different severity scores, from mild (A), moderate (B) to severe (C). 

 

Figure NO. 2. Measurement of the pulmonary artery (PA) and aorta (A) at the PA bifurcation 
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Statistical Analysis 

 Normal continuous variables are represented 

as mean and  SD. Categorical data are reported 

as frequency (percentage). Independent t test 

and Mann-Whitney U test were used for 

comparison. Chi-square test was used for 

comparison of categorical variables. A P-value 

<0.05 was considered significant. statistically 

RESULTS 

A total of  74 covid-19 infected patients ( 49 

male and 25 female ) were included in this 

study with mean age of 47 +_ 4.4, and range 

18-70 years, Abnormal PA/AA ratio was seen 

more in males than females (16 versus 12) but 

no  statistically significant difference was 

found (P>0.05) (Tab. 1). Similarly, there was 

no statistically significant difference  (P>0.05) 

regarding normal versus abnormal PA/AA 

ration according to age of studied population ( 

Tab. 2). The most common patterns of disease 

included GGO, observed in all 74 patients 

(100%),  followed by only GGO ( 44.5%), 

GGO with crazy-paving pattern (3%) and GGO 

with parenchymal consolidations (4.1 %) while 

those showing all findings were 14 cases 

(18.2%). However, no statistically significant 

association was found with abnormal PA/AA 

ratio findings (p value =0.171), as shown in 

Tab, 3. Regarding severity score on CT scan 24 

cases (32.2%) were classified as mild, 39 as 

moderate (52.7%), and 11 patients (14.8%) as 

severe (Fig. 3), with statistically significant 

difference in presence of abnormal PA/AA 

ratio (P value = 0.018), as shown in table 4) . 

Table No.  1: Distribution of patients with normal and abnormal PA/AA ratios according to gender. 

PA/AA Ratio Gender Number Percentage P value 

Normal  Male 33 57.1%  

 

0.070 
Female 13 42.9% 

Abnormal  
Male 16 71.7% 

Female 12 28.3% 

             

            Table No2: Distribution of patients with normal and abnormal PA/AA ratio according  to age. 

PA/AA ratio Number Mean age (year) S.D  P value 

Normal 46 47.6087 13.815  

0.804 Abnormal 28 46.7857 13.736 

Table No.3: Relationship between PA/AA ratio and type of pulmonary involvement. 

Radiological finding PA/AA Ratio Total P value 

Normal Abnormal 

GGO* only 21 (63,6%) 12 (36.4%) 33  

 

0.171 
GGO + Crazy Paving 18 (75%) 6 (25%) 24 

GGO+ Consolidation 2 (66.7%) 1 (33.3%) 3 

All findings 5 (35.8%) 9 (64.2%) 14 

*GGO= ground glass opacity  
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Table No.4: Relationship of PA/AA ratio with severity scoring of pulmonary involvement. 

Severity  PA/AA Ratio Total P 

value Normal Abnormal 

Mild  17 (70.8%) 7 (29.2%) 24  

 

0.018 
Moderate  25 (64.1%) 14 (35.9%) 39 

Severe  4 (36.4%) 7 (63.6%) 11 

Total  46 28 74 

 

 

Figure No 3:  Selected chest axial CT images  of a 63-year old femal with COVID-19 infection.  Lung 

window image (A) shows diffuse bilateral  GGO paranchymal  changes with estimated severity score of 

18/25 (severe) and the PA/AA ratio assessed on the mediastinal widow image (B) is abnormal (>1). 

DISCUSSION 

It has been suggested that pathological events 

other than alveolar damage might be 

responsible for the acute hypoxemia related to 

COVID-19 pneumonia.
(17)

, including 

microvascular thrombi 
(18, 19)

  and other 

cardiovascular abnormalties system which have 

been implicated in severe cases
 (20)

. 

Measurements of the PA/AA ratio constitutes a 

non-invasive tool for the detection of 

pulmonary hypertension using CT scan, 
(21, 22)

. 

In our study, 28 out of 74 patients (47.9%) had 

abnormal PA/AA ratio (>1) with statistically 

significant difference when correlated with 

severity of pulmonary involvement as assessed 

by chest CT score.  This is mainly related to 

pulmonary complications presumed to result 

from viral-induced inflammation and the 

consequent cytokine storm 
(23)

, in addition to 

the abnormal pulmonary hemodynamics 

secondary to severe consolidation with 

inflammatory and vascular changes, resulting 

in  vascular enlargement
 (24, 25, 26)

.  The result of 

current study are consistent with Hu Q et al 

study which attributed the elevation in PA 

pressure to the inflammation triggered by 

SARS-CoV-2 infection
 (27)

  with autoimmune 

endothelial disruption, seen to other 

coronaviruses 
(28)

, and thrombosis, all reported 

in COVID-19 patients with the worse 

prognosis 
(29, 30, 31)

. High PA:A ratio could 

reflect the resting pulmonary hypertension, but 

other factors like left heart failure and may also 
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contribute, providing another explanation of 

high PA/AA ratio 
(20, 32)

 as pulmonary vascular 

consequences of myocardial damage caused by 

COVID-19 infection have been documented 
(20, 

22, 34)
.  This radiological evidence of abnormal 

PA/AA ratio provides an additional method in 

the assessment of the severity patients with 

COVID-19 
(35)

. Early detection of abnormal 

PA/AA ratio at admission could guide 

management of  COVID-19 patients, including 

use of anticoagulation as therapeutic rather than 

prophylactic option 
(36 ,37)

 aiming AT minimizing 

mortality, particularly in cases with of severe 

involvement.
(27)

 .The representative chest CT 

findings of patients with COVID-19 are 

peripheral and/or subpleural GGO with or 

without crazy paving or consolidation for 

common patients 
(38, 8)

. However, the current 

study did not find a statistically significant 

difference among different pulmonary patterns 

when correlated with abnormal PA/AA ratio. 

This could indicate that the effects on PA and 

possible pulmonary hypertension  is related to 

the extent and severity rather than type of 

pulmonary involvement as. Therefore, 

radiologists should pay more attention to the 

severity score estimation and carefully evaluate 

the extent of findings through lungs and no to 

confine their assessment on pure diagnosis of 

the disease. This study has some limitations. It 

was a cross-sectional study with limited 

number of patients, Thus some conclusions are 

preliminary. More powerful studies with 

pooled data from multiple centers are needed in 

future subsequent studies. Intravenous contrast 

was not given and angiographic examinations 

were not performed to properly evaluate the 

pulmonary circulation especially for associated 

PA thrombosis.  

CONCLUSION 

Abnormal PA/AA ratio  (> 1) was associated 

with the higher severity score of pulmonary 

involvement. No significant gender or age 

difference was present regarding abnormal 

PA/AA ratio. Overall findings of the current 

study suggest considering chest CT as a fast and 

reliable method to assess pulmonary circulation 

in patients with COVID-19 pneumonia. The 

study recommends measuring PA/AA ratio in 

patients with acute covid-19 infection on CT 

chest scan  to identify high-risk patients so that 

appropriate therapeutic measures be taken in 

advance. Further studies with larger sample to 

assess evolution of PA diameter and correlation 

with outcome are also suggested. 
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