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OueHKa aMaMeTpa NEro4YHOMU apTepuM NpU pasiUYHON il
cTteneHu TaxecTu TeyeHua COVID-19 (no gaHHbIM
6eCKOHTpacTHOM KOMNbIOTEepHOU TOMOrpadpum NErkux)

A.0. Annes" ®, H.[l. Kynpasues' 2, A.B. Metpaikun?, 3.P. Aptiokosa?, A.C. Lkopa',
C.N. Mopo308?

! Mopopckan KnnHudeckan 6onbHuua N2 67 umenn J1.A. Bopoxo6osa [lenaptameHTa 3paBooxpaHeHua ropoa Mockesl, MockBa,
Poccuickan Oepepauma
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AHHOTAUNA

06ocHosaHue. KoMnbioTepHaa ToMorpa¢uA ABMAETCA METOAOM Bblbopa Mpu OLEHKe 06bEMa MopameHWA NErkux
MPY BUPYCHBIX MHEBMOHMSAX, B TOM uMcne accoummpoBaHHbix ¢ COVID-19. MoMuMo oueHKM 06bEMa NoparkeHUA NEFKMX,
KOMIblOTepHaA ToMorpadumA no3BonsAeT onpefenvTs pa3Mepbl MarucTpanbHbIX COCY0B FPYOHOM KNETKW. 3TO NO3BOMAO0
NpoaHanun3upoBatb CBA3b MeAay TAwecTblo TedeHna COVID-19 u HanuumeM n3MeHeHMA OMaMeTPOB NEFOYHON apTepum
¥ BOCXOAALLEN aopTbl. PaclumMpeHre néroyHom apTepum ABAETCA NPU3HAKOM NIEFOYHOM runepTeH3nn. N3ydeHne OaHHbIX
3aKOHOMEPHOCTEN MOMET UMETb KIMHWUYECKOE 3HaUeHMEe B OTHOLLEHUM ONPefeneHWA TaKTUKK JIeYeHUA 1 NPorHo3a Teve-
HuA 3aboneBaHua COVID-19.

Llens — oueHNTb 3aBUCMMOCTb MEY ANAMETPOM NEFOYHOW apTepum U cTeneHblo TAKecTM TedeHna COVID-19 y na-
LIMEHTOB pas/IM4HOro Bo3pacTa.

Mamepuanel u Memodsl. OgHOLEHTPOBOE OAHOMOMEHTHOE CMIOLIHOE HEKOHTPONIMpYyeMoe UcCrefoBaHue BbiMoMHe-
HO B rpynne naumeHToB (n=511, 267 MyxuuH, MegmnaHa 59 nert, IQR 49,0-65,0, pasamax ot 31 go 84 nert), npoxoamBLLKX
nleyeHne BO BPeMEHHOM rocnutane ana neyenua nauuento ¢ COVID-19. Mpu rocnutanmsaumum Bce nauMeHTbl NpOLLAN
KOMIbIOTEPHOE TOMorpaduyeckoe MccneoBaHMe OpraHoB rpyAHOM KNETKU C NOMOLLbI0 MobuibHOM cucteMbl Airo TruCT
(Stryker, CLUA). CteneHb nopaeHWA NEroYHOM TKaHW oueHuBanach no wkane KT 1-4. M3mepenue guamMetpa néroyHoi
apTepuu 1 BOCXOAALLEN aopThbl NPOBOAMNOCH CTaHLAPTHBIMU UHCTPYMEHTaMM paboyei CTaHLMK Bpada-peHTreHosora nep-
NEeHOUKYNAPHO ANIMHHOW OCU cocyda.

Pesynomamel. TNonyyeHbl cnegyiolime CTaTUCTUHECKM 3HAUMMble 3aKOHOMEPHOCTU: pacLUMpeHVe NEFOYHOM apTepum
W yBENMYEHWEe OTHOLLUEHUA NEOYHOM apTepuW/BOCXOMALLEN aopTbl ObINO CBA3AHO C YBENIMYEHWEM CTENEHU MOParKeHWs
nérkux npu COVID-19 (kputepui Kpackena—Yonnuca, p <0,001; meamanHbin Tect, p <0,001); omameTp BocxogALlero oT-
[ieNla aopTbl JOCTOBEPHO YBENMYMBAETCA C BO3pacToM naumeHTa (Kputepuii Kpackena-Yonnuca, p <0,001; MegmaHHbIn
Tect, p <0,001). MoKasaHbl HeLOCTOBEPHAA CBA3b MEMH/Y YBENMYEHUEM OMaMeTpa NEFOYHOM apTepMM U BO3PacToM nauu-
eHTa (Kputepui Kpackena—Yonnuca, p=0,094; MegmanHbin Tect, p=0,311) u HegoCTOBEPHaA CBA3b MEHOY M3MEHEHWEM
AvaMeTpa BOCXOAALLEN aopThl U CTeMeHblo nopaxeHua nérkmx (kputepui Kpackena—Yonnuca, p=0,061; MeguaHHbIi Tecr,
p=0,165). Bo Bcex BO3pacTHbIX Fpynnax C TAMKEMbIM Te4yeHWeM 3aboneBaHWA U 6ONbLUMM 0OBEMOM MOpaXKeHUA NETKMX
(KT-3 1 KT-4) nokasaHo JocToBepHO 60sbLUee KONM4eCTBO NaLMeHTOB C NPU3HaKaMM NErOYHOM FMNepTeH3um (paclumpeH-
HaA oT 29 MM 1 bonee NErovHas apTepus).

3aknoyeHue. [unataums NEroYHON apTepuM M YBENIYEHME OTHOLLEHUA AMAMETPOB IEFOYHON apTepum/BoCXoaALLen
aopThbl 4OCTOBEPHO CBA3AHO C yBenuyeHWeM 06bEMa nopaxenua nérkvx npu COVID-19 Bo Bcex BO3pacTHbIX rpynnax.

Kniouesble cnosa: COVID-19; néroyHan apTepus; NéroyHan runepTeH3und; aopTa; KOMMNbITEPHaA ToMorpadus.
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Changing of pulmonary artery diameter in accordance
with severity of COVID-19 (assessment based
on non-contrast computer tomography)

Alexander F. Aliev':3, Nikita D. Kudryavtsev'-2, Alexey V. Petraikin?, Zlata R. Artyukova?,
Andrey S. Shkoda', Sergey P. Morozov?

" L.A. Vorokhobov Municipal Clinical Hospital No 67 of the Moscow Health Department, Moscow, Russian Federation
2 Moscow Center for Diagnostics and Telemedicine, Moscow, Russian Federation, Moscow, Russian Federation
3 The Moscow Research and Clinical Center for Tuberculosis Control of the Moscow Health Department, Moscow, Russian Federation

ABSTRACT

BACKGROUND: Computed tomography is the method of choice for assessing the volume of lung damage in viral pneumonia,
including those associated with COVID-19. In addition, computed tomography can determine the main vessels size of the
thorax. This allowed us to analyze the relationship between the severity of COVID-19 and the changes in the diameters of the
pulmonary artery (PA) and ascending aorta (Ao). Dilation of the PA is a sign of pulmonary hypertension. The study of these
patterns may be of clinical significance in determining the treatment tactics and prognosis of the course of COVID-19 disease.

AIM: To evaluate the relationship between PA diameter and the severity of the COVID-19 course in patients of different ages.

MATERIALS AND METHODS: This study is a single-centered, cross-section, continuous, uncontrolled study performed on
a group of patients (n=511, 267 men, median 59 years, IQR 49.0-65.0, ages 31-84 years) who were treated in a temporary
hospital to treat patient with COVID-19. During hospitalization all patients were examined by CT scan of the chest. All studies
were carried out using a mobile CT scan system Airo TruCT (Stryker, USA). The degree of damage to the lung tissue was
assessed using the CT volume scale 1-4. Measurement of the LA and Ao diameters was carried out using standard instruments
of the radiologist’s CT workstation perpendicular to the long axis of the vessel.

RESULTS: The following statistically significant regularities were obtained: the detection of a dilated pulmonary artery
(PA) and an increased PA/Ao ratio correlated to an increase in the degree of lung damage in COVID-19 (Kruskal-Wallis test,
K-W p <0.001; median test, MT p <0.001), the diameter of the ascending aorta (Ao) significantly increases with the patient’s
age (K-W p <0.001; MT p <0.001). An insignificant correlation between an increase in the diameter of the pulmonary artery
(PA) and the patient’s age (K-W p=0.094; MT p=0.311) and an insignificant correlation between detection of a change in aortic
(Ao) diameter and the degree of lung damage (K-W p=0.061; MT p=0.165) were shown. In groups with a severe course of the
disease and a large volume of lung lesions (CT-3 and CT-4), a significantly greater number of patients with signs of pulmonary
hypertension (detection of the dilated pulmonary artery: 29 mm and more) was shown for all age groups.

CONCLUSION: The study showed that PA dilatation and increased PA/Ao diameter ratio were significantly associated with
increased pulmonary lesion volume in COVID-19 in all age groups.

Keywords: COVID-19; pulmonary artery; pulmonary hypertension; thoracic aorta; X-ray computed tomography.
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artery (PA) dilation [7] and high risks of pulmonary embolism

BACKGROUND and acute respiratory distress syndrome, which is accompa-

In the context of the coronavirus disease-2019 (CO- nied by gas exchange worsening, hypoxemia, and multiple
VID-19) pandemic, pulmonary computed tomography (CT)  organ failure [4, 7, 8].

became one of the leading methods for COVID-19 severity A significantly increased PA diameter and PA and as-
diagnosis and assessment [1-3]. cending aorta (Asc Ao) diameter ratio is shown in patients

The federal clinical guidelines for the prevention, diagno-  with lethal outcomes compared to those who recovered [9].
sis, and treatment defined four degrees of COVID-19 severity Thus, the lung lesion volume and the state of the pulmo-

[2]. This division is based on several clinical and laboratory  nary vessels (both segmental PAs, [10-12] and the pulmo-

parameters, including the volume of pulmonary tissue le-  nary trunk [main PA]) are considered to assess the course

sions according to grades 1-4 of the CT classification [1,  of COVID-19, current therapy effectiveness, and prognosis

3]. Patients with a mild degree of disease severity had no  using CT [9]. Increased pressure in the arterial vascular bed

lung lesions (CT-0); moderate disease severity had up to  of the pulmonary circulation indicates the difficulty of blood

25% (CT-1) and 50%-75% (CT-2) lung involvement degree;  transit through the lungs, which reduces the patient’s com-

50%-75% (CT-3) in severe disease course; and over 70%  pensatory abilities, leading to heart failure.

(CT-4) in extremely severe disease. In addition, the degree AIM: This study is aimed to determine the relationship

of pneumonia severity according to the CT classification has  between the COVID-19 severity and the PA and Asc Ao di-

prognostic value. Thus, a significantly increased proportion ~ ameters in patients of different ages.

of patients who died depending on the volume of the af-

fected pulmonary parenchyma according to the CT scale was METHODS

shown, including a jump in the risk of lethality when tran- .

sitioning from mild and moderate to severe and extremely Study design

severe disease course (from CT 1-2 to CT 3-4) [4]. A single-center, cross-sectional, continuous, and non-
The radiological sign analyses, which are typical for  controlled study based on chest CT was conducted (Fig. 1).

COVID-19-associated pneumonia, paid considerable atten- Lo L

tion to the pulmonary parenchyma, pleura, and bronchial Eligibility criteria

tree assessment, and to a lesser extent, to the great vessel Inclusion criteria are COVID-19 diagnosis that is con-

changes [5, 6]. The most characteristic and stable signs of  firmed by polymerase chain reaction, signs of viral pneu-

COVID-19-associated pneumonia are segmental pulmonary  monia on CT scan, and voluntary informed consent for

[ 2998 chest CT scans j

Exclusion criteria:
« Patients without a verified COVID-19 diagnosis
« History of chronic lung disease and pulmonary
and cardiovascular surgeries
« CT scans with artifacts in images

\ 4

511 (17%) chest CT scans were included
in the study

\ 4 \4 \ 4 Y

CT-1 CT-2 CT-3 CT-4
155 (30,3%) 201 (39,5%) 113 (22,1%) 42 (8,1%)
PA <29 Mm PA 229 Mm PA <29 Mm PA 229 Mm PA <29 MM PA 229 Mm PA <29 MM PA 229 Mm
125 (80,7%) 30 (19,3%) 133 (66,2%) 68 (33,8%) 51 (45,2%) 62 (54,8%) 15 (35,7%) 27 (64,3%)

Fig. 1. Study design
CT: computed tomography; CT 1-4: adapted scale for visual assessment of the relationship between the severity of the patient’s general
condition and the nature and intensity of radiological signs of pulmonary changes in COVID-19; PA: pulmonary artery.
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medical intervention. Chest CT scans were performed for
the first time in a reserve hospital during admission or within
4 days after admission, provided that chest CT scans were
performed in another medical institution at the prehospital
stage [3].

Exclusion criteria are the history of chronic lung disease
diagnosis, surgical interventions on the chest organs, and
pronounced artifacts on CT scans that prevent an adequate
lung lesion assessment and measurement of the great ves-
sel diameters.

The non-inclusion criterion is the absence of viral pneu-
monia signs on CT scans (CT-0) due to a limited number of
such admissions.

Setting

The study was conducted with a group of patients who
were treated at the temporary reserve hospital in Krylats-
koye Ice Palace (Vorokhobov City Clinical Hospital No. 67)
from October 08, 2020, to December 05, 2020.

Medical intervention

in a specific period, 2998 non-contrast chest CT scans
were performed in the hospital for diagnosis or follow-up
of patients with COVID-19 viral pneumonia.

CT scans were performed on an Airo TruCT mobile CT
scanner (Stryker, USA), which was installed at the reserve
hospital for the treatment of patients with COVID-19 (Fig. 2).
The mobile CT scanner has an extended aperture diameter of
105 cm and 32 detector rows. This CT system was designed
for neurosurgical operating rooms. However, its compact
size and low power requirements (possibility of connection
to the 1.5 kW power grids) allows an effective usage of the
device in a temporary hospital setting. In addition, the power
supply unit of the tomograph allows short-term scanning
with a power of up to 30 kV. Given the necessity of providing
around-the-clock operation mode, the following scanning
parameters were chosen: X-ray tube voltage: 120 kV, cur-
rent: 38 mA, slice thickness:1 mm, matrix: 512x512, pitch:
1.415, rotation time: 1.92 sec, average scanning length: 30
cm (12 sec), and effective dose: 3.9 mSv. Maximum flow is
up to 6 patients per hour.

Fig. 2. Airo TruCT mobile CT scanner was installed in the admis-
sion department of the temporary reserve hospital for the treat-
ment of patients with COVID-19, which was organized in the Kry-
latskoe Ice Palace.
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The anonymized CT scans were independently assessed
by two radiologists with 3 and 9 years of experience, respec-
tively. The software of the Unified Radiological Information
Service of the Unified Medical Information and Analytical
System of Moscow City was used on the Agfa Enterprise
Imaging platform (Agfa HealthCare, Belgium) to view CT
scans and perform measurements. Axial CT 1 mm slices
with pulmonary and soft-tissue viewing window parameters,
(window width and level of 1500 HU, -500 HU, 350 HU, and
50 HU, respectively) were used for lung lesion degree as-
sessment and great vessel measurement.

With a large patient flow, an empirical visual scale was
used to assess the lung lesions based on the visual as-
sessment of the thickened lung tissue volume according to
axial and reconstructed chest coronal and sagittal images.
Computer-assisted methods of assessing the affected pa-
renchyma were not used.

The lung lesions, according to grades 1-4 of the CT
classification, were assessed according to the approved
guidelines [1, 2] and the scheme for describing pathological
changes, which was proposed by domestic authors, based
on the indication of the pulmonary parenchymal lesion vol-
ume. Pulmonary tissue changes (frosted glass, reticular
thickening, consolidation, “cobblestone” appearance, “air
bronchogram,” and inverse “halo”) were determined with the
assessment of the lesion volume and localization of changes
by the lung lobes and segments.

The PA size was measured on axial sections at the wid-
est point, perpendicular to the long axis of the vessel (Fig.
3, a, ¢, e, g). The Asc Ao size was measured at the level of
the maximum diameter of the right PA [13]. The accuracy
of measurements was limited by the absence of contrast
enhancement, cardiac gating, and reduced signal-to-noise
ratio. Results were obtained by averaging independent mea-
surements taken by two radiologists. A significant difference
in the results of parenchymal lesion assessment or great
vessel measurement (>2 mm) considers the opinion of a
third radiologist with 15 years of work experience.

Main study outcome

The main study outcome is an assessment of the corre-
lation between various measured PA and Asc Ao parameters
and their derivative value with pulmonary parenchymal le-
sions and age dependence.

Additional study outcomes

An additional study outcome is an assessment of the
relationship between the Asc Ao diameter and the patient'’s
age, which confirm the previously established patterns.

Subgroup analyses

In the course of the study, patients of both genders were
divided into four groups depending on the lung lesion volume
(CT 1-4) and three age ranges (up to 50, 51-69, and over
70 years).
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Fig. 3. Examples of CT scans with different PA diameters and lung
lesion degrees: a, b, non-dilated PA (27.0 mm) with CT-1 lung
lesion (<25%); c, d, dilated PA (30.5 mm) with CT-2 lung lesion
(25%-50%); e, f, dilated PA (32.6 mm) with CT-3 lung lesion (50%-—
75%); g, h, dilated PA (34.8 mm) with CT-4 lung lesion (over 75%).
CT: computed tomography; CT 1-4: adapted scale for visual as-
sessment of the relationship between the patient’s general condi-
tion severity and the nature and intensity of radiological signs of
pulmonary changes in COVID-19; PA: pulmonary artery.

Ethical review

The study was conducted under the Declaration of Hel-
sinki, which was developed by the World Medical Association.

The study was approved by the Independent Ethics Com-
mittee of the Moscow Regional Branch of the Russian Soci-
ety of Roentgenologists and Radiologists, No. 2/2021, dated
February 18, 2021.

Informed consent for medical intervention (CT examina-
tion) and the use of their medical data for scientific purposes
was obtained from all participants.
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Statistical analysis

Statistical data processing was conducted using
StatSoft Statistica 12.0 software. The required sample
size was determined using Altman’s nomogram (with a
power of 0.8 and a significance level of 0.05). Exami-
nation of over 500 patients obtained the minimum suf-
ficient sample size and statistically significant results.
The quantitative data distribution normality was checked
using the Kolmogorov—Smirnov criterion and adjusted for
Lilliefors and Shapiro-Wilk tests. Given the non-normal
distribution of PA and Asc Ao parameters in several stud-
ied groups and different numbers of patients divided into
groups, the reliability of differences was assessed us-
ing the nonparametric Kruskal-Wallis (K-W) test, non-
parametric ANOVA analog, and median test (MT). The
nonparametric Spearman’s correlation coefficient (p)
was used to further assess the relationship of several
studied parameters of great vessel sizes, whereas 2 x 2
tables and nonparametric Fisher F-criterion were used to
analyze differences between the groups. The significance
level (p) in all tests was <0.05.

RESULTS

Study subjects/participants

CT scans of 511 patients both male (52.2%) and female
(47.8%), with a mean age of 57 + 12 years, the median age
of 59 years, IQR of 49.0-65.0 years, min. of 31 years, and
max. of 84 years, were analyzed. The distribution of patients
by gender, lung lesion degree, and age intervals is shown
in Table 1. Patient CT scans with different pulmonary pa-
renchymal lesions and corresponding PA measurements are
presented in Fig. 3.

Main study results

The following significant patterns were obtained: an
increased PA diameter with lung lesion severity (K-W,
p < 0.001; MT, p < 0.001), increasd Asc Ao diameter with
the patient’s age (K-W, p < 0.001; MT, p < 0.001), increased
PA/Asc Ao ratio with lung lesion severity (K-W, p < 0.0071;
MT, p = 0.008), and decreased parameter with age (K-W,
p < 0.001; MT, p < 0.001). Both the correlation of a small
increase in the pulmonary trunk diameter with age (K-W,
p =0.094; MT, p = 0.311) and a small increase in the aortic
diameter depending on lung lesion degree (K-W, p = 0.061;
MT, p = 0.165) were not significant.

Results presented in Fig. 4 determined the following
Spearman’s correlation coefficients (between the PA diam-
eter and lesion severity): for the entire sample, p = 0.268,
p < 0.005; up to 50 years, p = 0.245, p < 0.005; 50-70 years,
p=0.229, p < 0.005; and over 70 years, p = 0.374, p < 0.005,
thus a weak positive relationship was noted. The analysis of
differences by Fisher’s one-sided F-criterion showed reli-
able PA dilation (>29 mm) in patients with severe pneumonia
(CT 3-4) (Table 2).
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Table 1. Distribution of patients in groups by gender (M: males), age, and severity of pneumonia according to the CT 1-4 scale

Parameters CT-1 CT-2 CT-3 CT-4 Total, n
Group | (up to 50 years old) 47 (34 M) 56 (38 M) 19 (14 M) 9(9M) 131 (95 M)
Group Il (50-69 years old) 84 (36 M) 127 (56 M) 78 (39 M) 24 (19 M) 313 (150 M)
Group Il (over 70 years old) 24 (8 M) 18 (4 M) 16 (4 M) 9(6M) 67 (22 M)
Total, n 155 (78 M) 201 (98 M) 113 (57 M) 42 (34 M) 511 (267 M)
1 deviation to the mean PA values was 13.5%. The relative
Tl T2 €T3 uCT4 increase of the PA/Asc Ao ratio was 8.3% and the ratio of
. e 30,86 -
31 3045 = the standard deviation to the mean was 11.9%. Therefore, an
_ 0y 2947 ‘ 29.76 increased PA diameter was more pronouncedly associated
E  isdilated 29,0300 with an increased CT degree compared to the PA/Asc Ao ra-
= 2 28,52 tio with a smaller difference in the coefficient of variation. In
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Fig. 4. Dependence of the PA diameter on age and lung lesion
severity in COVID-19.
CT 1-4: adapted scale for visual assessment of the relationship
between the patient’s general condition severity and the nature and
intensity of radiological signs of pulmonary changes in COVID-19;
PA: pulmonary artery.

Additional study results

The following additional study results were obtained: a
more frequently (37%) observed severe COVID-19 (CT 3-4)
in the older patient group (>70 years); less frequently (21%)
observed in the second age group (<50 years); and inter-
mediately (32%) observed in the middle age group (50-69
years old).

In addition, an increased PA diameter from CT-1 to CT-4
was 12.9% (calculated as the ratio of the difference in val-
ues to half of the sum), whereas the ratio of the standard

according to the standard non-contrast protocol for chest
disease diagnoses.

No adverse events associated with the use of the Airo
TruCT mobile CT scanner were registered. The radiation ex-
posure did not exceed the typical values for stationary com-
puted tomographs.

DISCUSSION

Main study result summary

The relationships of PA and Asc Ao diameters and their
ratios in patients with different COVID-19-associated pneu-
monia severity depending on age were studied. A significant
positive correlation between the pulmonary trunk diameter
and the pulmonary parenchymal lesion in COVID-19 was
revealed. A non-significant increased pulmonary trunk di-
ameter with age was shown. A significant aortic dilatation
was observed in older age groups, without relation to the
increasing disease severity.

Table 2. Distribution of examined patients by age interval, pneumonia severity, and pulmonary artery dilation

Age interval, Parameters
years CT severity PA <29 mm PA =29 mm PA =29 mm, %
CT 3-4 10 18 64,3
Up to 50*
CT 1-2 80 23 22,3
CT 3-4 47 51 52,0
50-69**
CT1-2 145 62 29,9
CT 3-4 10 19 65,5
Over 70***
CT1-2 30 16 34,8

Note. The differences are significant: *p < 0.0001, **p = 0.0001, and ***p = 0.0089 (Fisher’s F-criterion). CT: computed tomography; CT

1-4: adapted scale for visual assessment of the relationship between the patient’s general condition severity and the nature and intensity
of radiological signs of pulmonary changes in COVID-19; PA: pulmonary artery.
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Main study result discussion

An equal but not significant increased pulmonary trunk
diameter with age (see Fig. 4) was shown. Values for age
intervals up to 50, 50-69, and over 70 years amounted for
27.0 + 3.6, 27.6 + 3.8, and 28.2 + 4.1 mm (mean = standard
deviation), respectively. However, a significantly increased
PA diameter was shown about pulmonary parenchymal le-
sion severity in COVID-19-associated viral pneumonia (see
Fig. 4). CT grades 1-4 determined the following mean PA
values: 26.7 + 3.4,26.9 + 3.4, 28.8 + 4.1, and 30.4 + 4.4 mm,
respectively. Reverse patterns were shown for the aor-
tic diameter. In addition, a significant change (increase)
in the aortic diameter with age (31.2 + 3.7, 34.6 + 3.9,
and 34.8 + 5.6 mm) for age intervals defined above was
observed. No significant change (increase) was noted in
the aortic diameter with increasing lung lesion sever-
ity (CT 1-4), that is, 33.3 £ 4.9, 33.7 + 4.2, 34.2 + 3.9, and
34.6 + 4.3 mm, respectively. The derived parameter (PA/Asc
Ao ratio) showed a significant change (decrease) with age
(0.87 £ 0.11, 0.80 £ 0.12, and 0.82 + 0.15 RU, respectively)
due to a pronounced increased Asc Ao diameter with age
and a slight increased PA diameter. A significant change
(increase) in the PA/Asc Ao ratio with increasing degree of
the pulmonary tissue lesion (CT 1-4) was shown, that is
0.81 +0.13, 0.81 £ 0.11, 0.85 £ 0.14, and 0.88 + 0.12 RU,
respectively.

The obtained mean PA diameter and PA/Asc Ao ratio in the
CT-1 group with the smallest lesion volume (26.7 + 3.4 and
0.81 + 0.13) were slightly higher compared with the mean
values defined as normal in the Framingham Heart Study [14],
where the mean PA size was 25.1 + 2.8 mm and the mean
PA/Asc Ao ratio was 0.77 + 0.09. This is due to the meth-
odological peculiarities, as measurements were performed
without cardiac gating, which resulted in increased measured
vessel diameters and disproportionate division of the studied
groups by gender. The mean measured aortic diameter in the
group of patients up to 50 years old (31.2 + 3.7 mm) was well
comparable with the review results [15], which is devoted to
age-related aortic measurements (31.1 + 4 mm). In addition,
this review noted an increased aortic diameter with age due
to decreased vessel wall elasticity.

The groups with severe COVID-2019 (CT 3-4) (see Fig. 2, b,
d, f, h) demonstrated a statistically significant increased pro-
portion of patients with PA diameter dilation of >29 mm for all
ages (Table 2). On average, this group of patients was 60.6%,
which was twice the average number of patients with PA dila-
tion of >29 mm in the groups with mild COVID-19 (CT 1-2).

Our data agree well with the previously obtained results
[9], where PA dilation in patients with COVID-19-associated
pneumonia compared to the data before the disease showed
a significantly increased PA/Asc Ao ratio. However, the re-
lationship of these parameters with the pneumonia severity
was not pronounced.

The threshold PA diameter values, above which the
pulmonary hypertension is reliably stated, were different.
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For example, the upper limits of the PA diameter, above
which patients had dyspnea, were 29 mm in males and
27 mm in females, whereas the critical PA/Asc Ao ra-
tio was 0.9 [13, 16]. Another study proposed PA values
of 29 mm and PA/Asc Ao ratio as criteria above which
pulmonary hypertension is diagnosed. However, these
values showed high sensitivity and insufficient speci-
ficity [14]. Alternatively, another proposed threshold of
31.5 mm, above which pulmonary hypertension is reg-
istered, showed low specificity [14]. The guidelines for
pulmonary hypertension diagnosis and treatment noted a
threshold of 29 mm [17].

Thus, the chosen threshold of 29 mm is reasonable.
However, this value will probably be adjusted for the ad-
ditional PA pressure assessment data, which is obtained
by ultrasound measurements [18]. The statistical data on a
significantly higher number of patients with a PA diameter
of >29 mm in groups with a severe course (see Table 2)
indicate a possible contribution of pulmonary hypertension
to a more severe disease course.

The PA/Asc Ao ratio did not demonstrate threshold
values exceeding 0.9 and 1 [9] and reached maximum
values of 0.88 + 0.12 in the group with a CT-4 degree
of lung lesions. A significant increase of this index cor-
responds to the results reported by P. Spagnolo et al. [9].
While emphasizing the clinical significance of PA dila-
tion, the authors provided reliable data on increased PA
diameter and PA diameter/Asc Ao ratio in patients with
lethal outcomes compared to those who recovered. This
study revealed a weak positive correlation between the
lung lesion degree (also divided into severity grades 1-4)
and an increased PA diameter. A significant PA diameter
dilation was shown in the examined patients compared to
the state before the development of pneumonia; however,
the sample size was small (45 patients). The necessity of
PA dilation correction with PA/Asc Ao ratio determination
is confirmed by a reliably smaller, but rather high number
of patients with PA dilation in the cohort with small lesion
volume (up to 50%) (Table 2). The use of this criterion
is reasonable for constitutionally excluding conditioned
wide PA. However, this auxiliary comparative criterion is
inefficient in patients over 50 years old with hypertension
since the aorta also expands due to the vessel wall con-
nective tissue damage [15].

The effectiveness of the PA measurement as a prognos-
tic sign of pulmonary hypertension and an additional severity
marker is confirmed by the preferential bilateral process of
pulmonary tissue lesions [9]. The PA accumulates increasing
hemodynamic distress in the small circle as an additional
predictor of COVID-19-associated viral pneumonia severity.
PA dilation, which was a reliable relationship with parenchy-
mal lesions, resulted from increasing pulmonary hyperten-
sion.

Pulmonary autoimmune diseases show signs of inter-
stitial pneumonia, and pulmonary hypertension develops,



https://doi.org/10.17816/DD

ORIGINAL STUDY ARTICLES

for example, with progressing idiopathic pulmonary fibro-
sis due to massive interstitial lung lesions [19]. The nor-
mal architectonics of the pulmonary vessels is deformed
due to the massive pulmonary interstitium inflammation.
Capillary constriction and endothelium integrity failure
lead to small vessel microthrombosis and sclerosis and,
consequently, to an increased hydraulic resistance, which
results in pulmonary hypertension [20]. The development
of COVID-19-associated viral pneumonia is due to high
levels of expression of angiotensin-converting enzyme
type 2 (ACE2) in type Il alveolar pulmonary cells, which
are targets of the spike antigen of severe acute respira-
tory syndrome coronavirus 2 virus that leads to intersti-
tial lung lesions [11, 12]. The affecting factor that leads
to microthrombosis is both a direct vascular endothelium
lesion due to ACE2 receptor expression [15, 20, 21] and a
possible secondary vascular bed immune lesion and the
development of edema and exudation. This is facilitated by
the extensive accumulation of complement components in
the alveolar walls, which results in endothelial cell damage
to the pulmonary capillaries and subsequent coagulation
activation [20]. ACE2 receptor system depletion in the pul-
monary vascular bed contributes to endothelial dysfunction
and inflammation and aggravates the course of atheroscle-
rosis and diabetic angiopathy [15, 20]. In COVID-19, this
process leads to delayed adverse reactions in the form of
progressing atherosclerotic vascular lesions.

Moreover, the phenomenon of vascular enlargement sign
that is a sign of dilated vessels in COVID-19 pneumonia was
reported. However, this phenomenon was not deeply stud-
ied, and several available studies showed its inconsistent
prevalence. This sign occurs in 76.9% of patients with viral
pneumonia [7, 10].

Pulmonary hypertension, regardless of its causes, has a
secondary negative effect on the course of viral pneumonia,
especially with massive lung lesions.

The pulmonary trunk dilation, depending on the severity
of pulmonary parenchymal lesions, allows pulmonary hy-
pertension consideration as one of the important signs of
COVID-19-associated pneumonia severity. The established
pattern allows a more differentiated approach in predict-
ing outcomes of this infectious disease, developing effective
therapy methods, and identifying population risk groups for a
severe disease course that require increased attention from
clinicians.
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Study limitations

The study does not answer the question of whether pul-
monary hypertension, which is noted as PA dilation, is an
initial condition or whether it develops within the course of
coronavirus infection. This study did not measure the PA
diameter in patients of different ages without signs of vi-
ral pneumonia to assess the population prevalence of pul-
monary hypertension (PA dilation). Data on the population
prevalence of pulmonary hypertension and PA dilation are
presented in the mentioned study [20].

CONCLUSIONS

The study showed a statistically significant positive re-
lationship between PA dilation and lung lesion severity in
COVID-19-associated pneumonia in all age groups. A higher
number of patients with PA dilation of =29 mm (signs of
pulmonary hypertension) and a severe degree of pulmonary
parenchymal lesions (CT 3-4) is statistically significant.
The obtained patterns require further study, which allows a
more differentiated approach in predicting outcomes of this
infectious disease, developing effective therapy methods,
and identifying population risk groups for a severe disease
course that require increased clinician attention.
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