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Abstract
Background: The pulmonary artery area (PAA) is a valuable non-invasive method for the diagnosis of pulmonary hyper-

tension.

Purpose: To compare the change in PAA in patients with COVID-19 with the computed tomography (CT) severity index

using follow-up imaging.

Material and Methods: A total of 81 patients who were followed up and underwent CTassessment more than once at

our hospital‘s pandemic department were evaluated retrospectively. Patients with progression were separated into three

groups: progression ranging from mild-to-mild infiltration (Group A, CT severity index of 0–2); progression from mild to

severe infiltration (Group B, CT severity index of 0-2 to 3–5); and progression from severe-to-severe infiltration (Group

C, CT severity index of 3–5). The PAAs were calculated separately.

Results: The mean age was 56± 12 years. In terms of those patients showing progression in the CT images, the number

of patients in Groups A, B, and C was 29, 40, and 12 in the right lung; 32, 45, and 4 in the left lung; 23, 45, and 13 on both

lungs, respectively. There was no significant difference between the main, right, and left PAAs in Group A (P> 0.05). In

Group B, there were significant increases in the areas of the main, right, and left PAAs (P< 0.05). There were also sig-

nificant increases in the areas of the right and main pulmonary arteries in Group C (P< 0.05).
Conclusion: PAAs increase as disease involvement advances in cases with COVID-19 pneumonia, which is thought to be

correlated with progression.
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Introduction
COVID-19 pneumonia is a pandemic viral infection that is
transmitted between individuals by droplets and direct
contact. It was first reported in the Wuhan district of
China in December 2019, and by the end of January
2020, its effects had been felt globally (1–4).

Since the virus directly affects the respiratory tract and
causes infection in the lungs, radiological modalities, pri-
marily computed tomography (CT), play a significant role
in diagnosis and follow-up. Bilateral peripheral and sub-
pleural ground-glass views are frequently seen at the
onset of the disease, but consolidations, inverted halo
view, and crazy-paving pattern appearances are more fre-
quently reported in advanced stages of the disease.

Examples of common complications include acute respira-
tory distress syndrome (ARDS), acute cardiac injury, and
secondary infection (5–10).

Respiratory tract diseases, infectious and non-infectious
diseases that affect the lung parenchyma, may cause
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increased pulmonary artery diameter and hypertension,
depending on the severity of involvement (11). Early diag-
nosis of pulmonary hypertension in the initial periods of the
disease impacts the prognosis and may necessitate different
treatment procedures (11,12). Pulmonary hypertension can
be diagnosed non-invasively via echocardiography, CT,
and magnetic resonance imaging (MRI). A pulmonary
arterial diameter >29 mm has a sensitivity of 87% and spe-
cificity of 89% for pulmonary hypertension (13).

It was previously reported that deteriorations in the
coagulation parameters and increased D-dimer levels were
observed during the follow-up of cases with COVID-19
pneumonia (5). Moreover, ARDS, the most frequent
cause of mortality in these cases, may also be associated
with pulmonary arterial micro emboli and hypoxemia
(14). Thus, the changes in the pulmonary artery measure-
ments in the follow-up imaging of these patients have par-
ticular importance.

In patients with COVID-19 pneumonia showing the pro-
gression of chest CT findings, pulmonary artery areas may be
affected due to the various reasons mentioned above. The
aim of the present study was to retrospectively evaluate the
association between the CT severity index based on the pul-
monary involvement degree and the pulmonary artery area.

Material and Methods

Study population
A total of 102 patients were evaluated retrospectively, who
were followed up and underwent CT assessment more than
once at our hospital‘s pandemic department between the
first reported COVID-19 case in our country, 11 March
2020, to 2 December 2020. The inclusion criteria in our
study were as follows: a positive reverse transcriptase-
polymerase chain reaction (RT-PCR) test for COVID-19
pneumonia; at least one initial and follow-up chest CT
exam; and progression on subsequent CT images compared
to the initial CT findings. A total of 21 patients with a sec-
ondary disorder, including chronic obstructive pulmonary
disease, emphysema, lung cancer, heart failure, cardiomeg-
aly in chest imaging, were excluded. In addition, the
patients with frequent pulmonary findings of COVID-19
pneumonia but negative RT-PCR test results were excluded
from the study. The study was completed with 81 patients.
The RT-PCR tests were positive for all patients. The study
was approved by the local ethical committee (2020-23/3).
The investigation conforms to the principles outlined in
the Declaration of Helsinki.

CT technique
The CT images of the patients were obtained with a
16-section device (Somatom; Siemens, Erlangen,
Germany) with a slice thickness of 1.5 mm in multiplanar

reformatted (MPR) images (120 kV, 110–540 mAs). To
minimize motion artifacts, patients were instructed to hold
their breath at full inspiration. The CT images were evalu-
ated on the Picture Archiving Communication Systems
(PACS) by a chest radiologist who had 15 years of experi-
ence (R1) and a specialist radiologist who had eight years of
experience (R2). The CT findings were evaluated at two
timelines (the initial CT and the last follow-up CT) and
the CT severity index scores were calculated at each time-
line. Two radiologists determined the final score with con-
sensus. To determine the CT severity index, we evaluated
ground-glass opacity (GGO), crazy-paving pattern, and
consolidation described by Pan et al. (15). The score was
calculated for each of the lungs considering the extent of
anatomic involvement, as follows: 0 = no involvement; 1
= <5% involvement; 2 = 25% involvement; 3 = 26%–
49% involvement; 4 = 50%–75% involvement; and 5 =
>75% involvement (15).

In this study, we categorized the patients with a CT
severity index of 0–2 as a mild infiltration and 3–5 as a
severe infiltration. The right pulmonary artery area was cal-
culated as 1.5 cm distally to the pulmonary artery bifurca-
tion, the left pulmonary artery area was calculated as
1 cm distally to the pulmonary artery bifurcation, and the
main pulmonary artery area was calculated as 1.5 proxim-
ally to the pulmonary artery bifurcation (Fig. 1) (RadiAnt
DICOMViewer 64 bit 2020). The measurements of the pul-
monary artery area were performed manually by the same
person (R2).

Statistical analysis
The categorical variables were presented using frequency
and percent; parametric continuous variables were pre-
sented with mean± standard deviation; and non-parametric
continuous variables were presented with median (inter-
quartile range [IQR]). Patients with progression were sepa-
rated into three groups for right, left, and both lungs:
progression from mild-to-mild infiltration (Group A, CT
severity index of 0–2); the progression from mild to
severe infiltration (Group B, CT severity index of 0–2 to
3–5) (Fig. 2); and progression from severe-to-severe infil-
tration (Group C, CT severity index of 3–5). The normal
distributions of the right, left, and main pulmonary artery
areas were assessed with the Shapiro–Wilk test. The
number of cases in each group was >30 and distributed nor-
mally. The initial and follow-up values of the pulmonary
artery areas of right, left, and main pulmonary artery were
compared in these groups of CT severity index (Groups
A, B, and C) for right, left, and both lungs, respectively.
In addition, we compared the percentage differences of
the pulmonary artery areas between the deceased and the
surviving patients. The paired t-test was used for compari-
son if variables were normally distributed, and the
Wilcoxon signed-ranks test was used for non-parametric
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variables after removing outliers. The percentage differ-
ences were calculated by the following equation: (r2 − r1) /
r1 × 100 (r1: initial area, initial CT severity index; r2:
follow-up area, follow-up CT severity index). The associ-
ation between changes of CT severity index and pulmonary
artery areas was assessed using correlation analyses. P <
0.05 was considered statistically significant. In correlation
analysis, attention was focused on the R-value if the P
value was <0.05. Those with an R-value of <0.40 were
interpreted as poor correlation, 0.40–0.60 as mild correl-
ation, and 0.60–0.80 as strong correlation. SPSS version
23.0 (IBM Corp., Armonk, NY, USA) was used for the stat-
istical analyses.

Results
A total of 81 patients (44 men, 37 women; mean age = 56 ׅ ±
12 years) were included. Regarding the patients showing
progression in the CT images, the number of patients in
Groups A, B, and C was 29, 40, and 12 on the right lung,
and 32, 45, and 4 on the left lung, and 23, 45, and 13 on
both lungs, respectively. The time between CT exams
was in the range of 2–38 days (median = 9 days).

In Group A, the right pulmonary artery area was
increased from 4.39 (1.63) cm2 to 4.46 (1.85) cm2; the left
pulmonary artery area was increased from 4.27± 1.19 cm2

to 4.43± 1.26 cm2
, but the main pulmonary artery area was

similar (6.02 (2.11) cm2 to 6.02 (1.16) cm2). There was no
significant difference between the main, right, and left pul-
monary artery areas in Group A (P> 0.05).

In Group B, the right pulmonary artery area was
increased from 4.7± 1.42 cm2 to 5.26± 1.42 cm2, and the
left pulmonary artery area was increased from 4.31±
1.07 cm2 to 4.76± 1.21 cm2. The main pulmonary artery
area was increased from 6.73± 1.6 cm2 to 7.74±
1.68 cm2. In Group B, there were significant increases in
the diameters of main, right, and left pulmonary arteries
(P< 0.05).

In Group C, the right pulmonary artery area was increased
from 4.7 (1.29) cm2 to 5.3 (0.98) cm2 and left pulmonary
artery area was increased from 4.11 (2.88) cm2 to 5.02
(3.42) cm2, and the main pulmonary artery area was
increased from 6.68 (2.64) cm2 to 8.12 (3.42) cm2. There
were also significant increases in the diameters of the right
and main pulmonary arteries in Group C (P<0.05).

The comparisons between the initial and follow-up
values of pulmonary artery areas are presented in Table 1,
and the relevant box-plot graphs for percent changes in
the pulmonary artery areas are presented in Fig. 3.

The correlation between the change in CT severity index
and area of the pulmonary artery was analyzed using linear
regression analysis, which showed that the CT severity
index of both lungs was positively but poorly correlated
with the pulmonary artery area in progressed cases (P<
0.05). There was no significant association between the
remaining measurements. The results of the linear regres-
sion are presented in Table 2.

Comparing between the deceased (n= 8) and the surviv-
ing patients (n= 73), in the surviving patients, a percentage
difference of the main pulmonary artery area was 10.4 ±
14.64, the right pulmonary artery area was 5.72 ± 13.5,
and the left pulmonary artery was 7.03 ± 17.33. In the
deceased patients, the percentage difference of the main
pulmonary artery was 24.86 ± 42.47, the right pulmonary
artery was 14.25 ± 23.85, and the left pulmonary artery
was 14.2 ± 13.6. There was a significant increase in the
main pulmonary artery area in deceased cases compared
to survivors (P= 0.011) (Table 3).

Discussion
Pulmonary arteries may be affected secondary to infectious
and non-infectious diseases. In these cases, increases in pul-
monary artery diameters, pulmonary thromboembolism, or
pulmonary hypertension may develop (11). COVID-19
pneumonia causes diffuse pulmonary parenchymal

Fig. 1. Pulmonary artery measurement method. Initial and follow-up exam images are placed side by side and evaluated according to

adjacent anatomical landmarks.
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involvement by causing vascular endothelial injury, which
subsequently advances with vascular diameter changes (9).
The most frequently underlying mechanism is progression
of ARDS due to thromboembolism and viral pneumonia
that develops secondary to endothelial injury and deteriora-
tions in the coagulation cascade (16).

Moreover, the frequent involvement of the pulmonary
vascular structures may be associated with the thinness of
the muscular layer in the pulmonary arteries and veins
(17). Menter et al. reported their findings in 21 post-mortem
cases in Switzerland, which showed that 76% of cases had a
diffuse exudative alveolar disease, 38% of cases diffuse

Fig. 2. A case with progressive infiltration in both lungs (Group B, CT severity index of 0–2 to 3–5). (a, c) Initial CT images; (b, d) CT

images obtained two days later. (a) Bilateral peripheral and subpleural ground-glass opacity was seen, (b) two days later, severe

ground-glass progression was obtained. (c, d) The main pulmonary artery diameter was increased from 26 mm to 31 mm, right

pulmonary artery diameter was increased from 20 mm to 25.7 mm, left pulmonary artery diameter was increased from 21 mm to

25.8 mm. (e, f) The main pulmonary artery area was increased from 6.88 cm2 to 7.62 cm2. The interval between the two images was

two days, and the patient died.
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proliferative alveolar disease, massive capillary congestion,
and microthrombi in the alveolar capillaries (5/11,45%),
and 19% of cases had a pulmonary embolism (18). All
these findings were also suspected to be caused by edema
and exudation in the intercellular distance associated with
secretion of proinflammatory cytokines (tumor necrosis
factor alpha, interleukine-1, etc.) against inflammation by
the organism (5,18,19). Marini et al. reported that endothe-
lial injury associated with inflammatory changes might
result in reflex vasoconstriction and ventilation-perfusion
injury as an underlying mechanism (20). The severity of
vasoconstriction in pulmonary parenchyma is mainly
thought to be associated with increased pulmonary artery
diameter and a cause of hypertension.

Moreover, Yang et al. reported in their study on SARS in
2005 that autoantibodies against the virus may cause vascu-
lar endothelial injury (21). The changes in the coagulation
parameters in patients’ follow-up for COVID-19 pneumonia
are associated with poor prognosis, such as increases in
D-dimer and troponin, and associated with prolonged hospi-
talization and death rates (22). In addition, in two different
studies, 23%–30% of patients with COVID-19 pneumonia
were reported to have had at least one episode of pulmonary
embolism (23,24). Besides thromboembolic complications,
COVID-19 pneumonia can cause cardiac damage as
SARS-CoV-2 can infect the myocardium. Moreover, hypox-
emia, which develops in severe patients, is among the other
causes of cardiac failure. These factors may be responsible
for the increasing diameter of the pulmonary artery (25).

Pulmonary artery diameters can be measured by several
methods using a chest CT. The pulmonary artery is often
measured transversely in the axial section (26). There are
two studies on the measurement of pulmonary artery

diameters in the literature (16,27). In both studies, pulmon-
ary artery diameters were compared with ascending aorta,
and measurements were made only in the axial plane.
Instead of transverse measurement of the diameter, the
measurement on the plane perpendicular to the arterial
axis in oblique reformatted images in all three planes is a
more objective approach to the measurement of pulmonary
artery diameters. In this study, in addition to the measure-
ment of the main pulmonary artery area, we compared the
areas of the right and left pulmonary artery areas with the
CT severity index because the main pulmonary artery and
its main branches may be affected differently by the sever-
ity of disease involvement.

Yildiz et al. reported that in patients with severe infiltra-
tion, pulmonary artery diameters were larger than in
patients with mild infiltration (27). In our study, there was
no significant difference between changes of main and
right, left pulmonary arteries in Group A (mild to mild)

Table 1. The initial and follow-up values of the pulmonary artery

area in each group.

Group

Initial area

(cm2)

Follow-up

area (cm2) P

Right

pulmonary

artery

A 4.39 (1.63) 4.46 (1.85) 0.21

B 4.7± 1.42 5.26± 1.42 <0.001

C 4.7 (1.29) 5.3 (0.98) 0.005

Left

pulmonary

artery

A 4.27± 1.19 4.43± 1.26 0.14

B 4.31± 1.07 4.76± 1.21 <0.001

C 4.11 (2.88) 5.02 (3.42) 0.068

Main

pulmonary

artery

A 6.02 (2.11) 6.02 (1.16) 0.08

B 6.73± 1.6 7.74± 1.68 <0.001

C 6.68 (2.64) 8.12 (3.42) 0.001

Values are given as mean± SD or median (interquartile range).

Fig. 3. Percentage differences in the right, left, and main

pulmonary artery areas in each group.
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(P> 0.05). However, all areas in Group B (mild to severe)
and the main and right areas in Group C (severe to
severe) significantly increased (P < 0.05). The significant
difference between the pulmonary artery area in lung
involvement in Group B and Group C suggest that severe
pulmonary artery area changes occur in severe disease.

In the deceased patients, the percentage difference in the
right, left, and main pulmonary artery areas was increased
compared to that of the surviving patients. However, only
the increase in the main pulmonary artery area was statistic-
ally significant (P= 0.011). Although there was a rise in the
right, left, and main pulmonary arteries in Groups B and C,
the main pulmonary artery change was only statistically sig-
nificant in the deceased group, from which it can be
assumed that the deceased group had a small number.

A poor meaningful positive correlation was found
between the CT severity index of both lungs and the main
pulmonary artery area. The correlation itself is a good indi-
cator of the relationship between these two factors despite it
being poor, which shows an increase in CT severity index
results with an increase in pulmonary artery area. Since
the pulmonary artery area is affected by many other
factors, we do not expect a linear relationship between the
pulmonary artery area and severity index.

The present study has some limitations. These include
the low number of cases and the retrospective design of
the study. We did not evaluate inter-observer variability
and use of intravenous contrast medium in the imaging
studies. In addition, we did not know the cardiac compli-
ance of patients, laboratory findings, and if there was a pres-
ence of pulmonary artery embolism.

In conclusion, the area of pulmonary arteries increases as
the disease involvement advances in cases with COVID-19
pneumonia and are thought to be associated with hypox-
emia, infiltration, and maybe reflex vasoconstriction.
These changes in the pulmonary artery area were remark-
able in the deceased patients. For this reason, an increase
in the pulmonary artery area should be assessed by the radi-
ologists along with the CT severity index. Radiological
findings that appeared from respiratory and cardiac
systems highlighted in this study should be supported by
further clinical studies.
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