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Changes in the cardiovascular profile in patients 3 and 12 months
after COVID-19 pneumonia: parameters of arterial stiffness,
global longitudinal strain, and diastolic function of the left ventricle
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ABSTRACT

Aim. To study changes in the brachial — ankle pulse wave velocity (baPWV), ankle — brachial index (ABI), diastolic
function, and global longitudinal strain of the left ventricle (LV) 3 and 12 months after COVID-19 pneumonia.

Materials and methods. The dynamics of vascular age and LV global longitudinal strain was studied in 154
patients 3 and 12 months after COVID-19 pneumonia (51 + 12 years, 48% were women). The control group
consisted of 55 sex- and age-matched individuals.

Results. During the follow-up, the average baPWV decreased (13.2 [11.8; 15.1] cm / sec vs. 13.0 [11.8; 14.1] cm
/'s; p <0.001), and the frequency of its elevated values declined (45.4 vs. 35.1%; p = 0.008). The average ABI
increased (1.09 [1.04; 1.14] vs. 1.11 [1.06; 1.17]; p = 0.012), but remained within the normal range. LV global
longitudinal strain (LV GLS) (—19.6 £+ 2.2 and —19.7 + 2.5%; p = 0.854) and the frequency of reduced LV GLS
(21.4 and 26.6%; p = 0.268) did not change significantly and did not differ from values in the control group. Global
longitudinal strain in the LV basal inferoseptal segment improved (—19.2 + 3.6% vs. —20.1 + 4.0%; p = 0.032). The
early diastolic mitral annular velocity decreased (8.4+ 3.0 cm /s vs.8.0+£2.5cm/s; p=0.023). The LV isovolumic
relaxation time was greater than in the control group (101.8 + 22.3 ms at the 1st visit vs. 92.9 £ 21.5 ms; p = 0.012;
105.9 £ 21.9 ms vs. 92.9 + 21.5 ms at the 2nd visit; p < 0.001). A positive correlation was found between baPWV
(r=0.209; p = 0.009) and ABI ( = 0.190; p = 0.021) and strain parameters of the LV basal segments 12 months
after discharge.

Conclusion. Patients with optimal visualization on echocardiography at 12 months after COVID-19 pneumonia,
compared to the results of the examination 3 months after the disease, had deteriorated parameters of LV diastolic
function. LV GLS was within the grey zone and did not change significantly. An improvement in arterial stiffness
was noted, associated with an improvement in the strain of basal LV segments.
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strain
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AnHamunka ceppevyHO-COCyANCTOro cTatyca nauuneHToB yepes 3

n 12 mecsaues nocne nHeBMmoHun COVID-19: nokasaTenu cocyancrom
KeCTKOCTU, ANacToNnn4Yeckon pyHKLMM n npoaonbHon aedpopmaymmu
NIeBOro enypouka

filpocnaBckas E.IA.", lLinpokos H.E.", KpuHoukuH [.B.', Murauesa A.B.', Koposuna 1.0.2,
OcokuHa H.A.', CanoxxHukoBa A.A.', MNetenuHa T.N.!

I Tiomenckuil kapouonoeudeckuil nayunvitl yermp, ToMCKUll HAYUOHALHBII UCCTCO0BAMENbCKUTL MEOUYUHCKUTL
yeump (HUML]) Poccuiickoul axademuu HayK
Poccus, 625026, 2. Tromenw, yn. Menvuuxatime, 111

2 Obnacmnas knunuueckas 6onronuya Ne 1
Poccus, 625023, 2. Tiomenw, yn. Komogckozo, 55

PE3IOME

Hesb: m3y4nTh AMHAMUKY CKOPOCTH IynbcoBoil BomHE (brachial-ankle pulsewave velocity, baPWV), noxppked-
Ho-TueueBoro nuaekca (ankle-brachialindex, ABI), nuacTonndeckoi GyHKIIMH U TPOJOITBHON Ie(OpMAIHH JICBO-
ro xenynouka (JIXK) gepes 3 u 12 mec mocne maeBMonun COVID-19.

MarepuaJjbl U MeToabl. J[MHAMuKa MOKa3aTeseil COCYIUCTOro Bo3pacrau npoaoibHoi nedopmarmu JDK uzy-
yeHa y 154 nmanuenTos depe3 3 u 12 mec nocne nHeBMoHMH COVID-19 (51 + 12 net, 48% sxenmun). I'pynmy
KOHTPOJIS COCTAaBUIIN 55 COMOCTaBUMBIX MO MOy U BO3PAcTy MaIl[EHTOB.

Pe3yabTaThl. 3a BpeMs HaOrOeHHUS CHU3MIACH ycpenHeHHas baPWV (13,2 [11,8; 15,1] cm/cek nportus 13,0
[11,8; 14,1] em/c, p < 0,001) 1 yacTOTa BBISBJICHHS €€ MOBBIMICHHBIX 3HaYeHUH (45,4 mpotus 35,1%, p = 0,008).
Ycepennennoe 3nauenue ABI Beipociio, ocraBasich B npenenax Hopmsl (1,09 [1,04; 1,14] mportus 1,11 [1,06; 1,17],
p =0,012). 'mo6aneras npoaoneHas nepopmarms JOK (LV GLS) (19,6 + 2,2% u —19,7 £ 2,5%; p = 0,854) u 4ya-
cToTa BhIsBIIeHHs cHIbKeHHOM LV GLS (21,4 u 26,6%; p = 0,268) 3Ha4MMO HE U3MEHUINCH U HE OTIMYAIUCH OT
MOJYYEHHBIX B rpymnme KoHTpouist. [IpogonsHas nedopmariust 6a3aabHOTo HIXKHE-TIeperopoaouHoro cermenra JIDK
yiyqnmnack (—19,2 £ 3,6% nporus —20,1 + 4,0%; p = 0,032). Panrenactonnyeckasi CKOPOCTb CENTANBHOH YacTH
MUTPAITBFHOTO KOJbIIa CHU3WIACh (8,4 + 3,0 cm/c mpotus 8,0 + 2,5 cm/c, p = 0,023). Bpemst H30BOTIOMIYECKOTO
paccnabuenns JK Obi10 6ombiiie, 4eM B rpymie KoHTpois (Ha 1-m Busure 101,8 + 22,3 mc nporus 92,9 + 21,5 mc;
p =0,012; na 2-m Buzute 105,9 £ 21,9 mc nporus 92,9 + 21,5 mc; p < 0,001). BrsiBiiena nonoxurenbHast KOp-
pensponHas ¢Bsa3b baPWV (r = 0,209; p = 0,009) u ABI (» = 0,190; p = 0,021)) ¢ mapamerpamu aedopmanuu
cerMeHToB 6azanbHOro ypoBHs JIXK yepes roji mocie BBIMTUCKH.

3aka0oyenne. Y JHI[ C ONTUMANbHOM BH3yanm3anued IpH 3XOKapAuorpadHuy depe3 roj Mocie IMHEBMOHHH
COVID-19 B cpaBHEHHUH ¢ pe3yibTaTaMH OOCIEIOBAaHUS Yepe3 3 MeC OTMEYAeTCs yXYIIICHHUE IMapaMeTpOB AU-
actonmueckord ynkmmu JDK. LV GLS Haxomunace B mpenenax «cepoi 30HBD M 3HAYUMO HE M3MEHMIach. Ot-
MEUEHO yIydlIeHHe IOKa3aTeled COCYAUCTON JKeCTKOCTH, CBSI3aHHOE C yIydIlIeHHeM Ae(opMalvy CerMEeHTOB
6azanpHOTO ypoBHS JIK.

Kirouessble ciaoBa: COVID-19, ckopocTs pacripocTpaHeHUs M1yJIbCOBOM BOJIHBL, JOABLKEUHO-IICUEBON HHJIEKC,
sxokapauorpadus, TpomoabHas aedopManus MHOKapaa

KoH(]IUKT HHTepecoB. ABTOPBHI AEKJIAPUPYIOT OTCYTCTBHE SBHBIX U MOTEHIMAIbHBIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C ITyOJIMKAIUeH HACTOSAMIEH CTaThH.

Hcrounuk Q)mlancnpOBaHmI. ABTOpLI 3asIBJISIIOT 00 OTCYTCTBUU (I)I/IHaHCI/IpoBaHI/ISI py MPOBCACHUUN UCCIIEN0-
BaHUA.
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CooTBeTcTBHE NMPUHIMIIAM ITHKH. Bce mauneHTs! noamucand HHGOPMUPOBAHHOE COTJIACHE Ha y4acTHE B HC-
crnenoBannu. MccnenoBanne 0JJ00peHO JOKaIbHBIM STHYECKMM KOMUTETOM TIOMEHCKOTO KapANOIOTHYECKOr0O Ha-
yuHoro neHrpa, Tomckoro HUMI] (mpotokosn Ne 159 ot 23.07.2020).

Jast uurupoBanus: Spocnasckas E.N., [llupoxos H.E., Kpunouxun /[.B., Murauyesa A.B., Koposuna 1.0., Oco-
kuHa H.A., Canoxuukosa A./l., [lerenuna T.M. Jlunamuka cepe4HO-COCYUCTOTO CTaTyca MalueHToB uepes 3
u 12 mecsueB nocne mHeBMoHNE COVID-19: nmokaszarenu cocyaucTol KEeCTKOCTH, TUACTOIMYECKON (YHKIUH 1
MIPOIOIIBFHOM AeopManny JIEBOTO JKeIynouKa. broiremens cudupckou meduyunsl. 2024;23(1):94—104. https://doi.

org/10.20538/1682-0363-2024-1-94-104.

INTRODUCTION

Increased arterial stiffness is known to impair myo-
cardial relaxation and increase left ventricular (LV)
end-diastolic pressure [1]. The study of the relation-
ship between arterial stiffness and myocardial strain
properties is of sustained interest. A chronic increase
in afterload has been shown to accelerate LV remod-
eling and development of heart failure [2]. A study of
248 individuals without structural heart disease re-
vealed an independent relationship between brachial —
ankle pulse wave velocity (baPWV) and LV global
longitudinal strain (GLS) [3]. J.W. Hwang et al. demon-
strated that increased baPWV contributed to impaired
LV GLS in patients with arterial hypertension (AH)
and preserved LV ejection fraction (LVEF) [4].

Arterial stiffness is naturally associated with aging
but may be accelerated by concomitant metabolic and
cardiovascular pathology. One of the mechanisms that
underlies changes in blood vessels during aging and
cardiovascular diseases is a decrease in the number
of elastic fibers and an increase in collagen content.
Another mechanism is endothelial dysfunction, which
develops as a result of inflammation, oxidative stress,
and changes in smooth muscle tone in muscular arteries.
COVID-19 is a multisystem disease with extensive
damage to the cardiovascular system, causing increased
arterial stiffness [5]. Today, complications of the
experienced infectious process come to the forefront;
most of these complications directly affect the vascular
system. A significant number of COVID-19 survivors
have been shown to develop persistent metabolic
changes with vascular wall damage similar to that
seen in AH, type 2 diabetes mellitus, and metabolic
syndrome [6]. Mild inflammatory components play a
role in the development of early vascular aging after
COVID-19 [7, 8].

All of these may lead to the onset or progression
of both AH and atherosclerotic vascular wall damage,
especially after a complicated course of COVID-19.
Considering that functional disorders develop faster

than structural ones, the study of arterial stiffness after
COVID-19 is very relevant, but such studies are still
few. L. Ikonomidis et al. proposed to use the ratio of
carotid — femoral pulse wave velocity (PWV) to LV
GLS as a parameter for assessing ventricular — arterial
coupling, which in turn affects LV diastolic function,
the severity of concentric hypertrophy, and the degree
of impairment of coronary flow reserve [9].

We hypothesized that in patients who have had a
complicated course of COVID-19 in the long term
after the disease, arterial stiffness increases, and
LV GLS parameters worsen in comparison with the
examination data in the early recovery period, which
could be a reflection of early vascular aging.

The aim of the study was to determine changes in
and relationships between baPWYV, ankle — brachial
index (ABI), and LV GLS 3 and 12 months after
COVID-19 pneumonia.

MATERIALS AND METHODS

The study included patients of the “Prospective
Registry of COVID-19-Associated Pneumonia Sur-
vivors” (state registration certificate No. 2021622535
of 18.11.2021). The study complied with the ethical
standards of the Declaration of Helsinki as amended
in 2000 and the “Rules of good clinical practice in the
Russian Federation”, approved by Order of the Min-
istry of Health of the Russian Federation No. 266 of
19.06.2003. The study was approved by the local Ethics
Committee (Protocol No. 159 of 23.07.2020) and re-
gistered in international clinical trials registry clinical-
trials.gov (No. NCT04501822). Patients were identi-
fied according to the 1C medical information system
of infectious disease hospitals in the period from April
2020 to January 2021. Inclusion criteria: laboratory-
confirmed diagnosis of COVID-19 pneumonia, age
18 years or older, and patient’s consent to participate
in the study. Non-inclusion criteria: exacerbation of
chronic diseases, hemodynamically significant heart
defects, history of cancers younger than 5 years, tu-
berculosis, other diseases accompanied by pulmonary
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fibrosis, chronic hepatitis, HIV. Exclusion criteria:
pregnancy, cancer detected during the follow-up pe-
riod, refusal to participate in the study, suboptimal
echocardiography (Echo) imaging. All patients signed
an informed consent to participate in the study.

An outpatient examination of 350 patients meet-
ing all the criteria was performed 3 months + 2 weeks
(92 [82-99] days) and 12 months = 3 weeks
(367 [362-381] days) after discharge. Of the 380 pa-
tients included in the study, 28 were excluded for vari-
ous reasons. At the first visit, 271 patients had optimal
visualization quality during echocardiography, and
at the second visit — 244 patients. Of the remaining
examined subjects, vascular age parameters were as-
sessed after 3 months (1st visit) in 339 (97%) subjects
and after 12 months (2nd visit) in 286 (82%) subjects.
The parameters of LV GLS and LV segmental lon-
gitudinal strain were studied 3 months after pneu-
monia in 271 (77%) patients with optimal visualiza-
tion during echocardiography and after 12 months in
244 (70%) patients. Changes in vascular age indices
and LV strain properties could be assessed in 154
(44%) patients (main group). The control group con-
sisted of 55 sex- and age-matched patients with op-
timal visualization quality during echocardiography.
They were included in the study at the same time as
the main group and had neither a single positive result
of the polymerase chain reaction identifying SARS-
CoV-2 nor clinical manifestations of COVID-19.

Data from the acute phase of COVID-19 were
assessed using discharge summaries from medical
records. The average proportion of lung tissue damage
in the examined patients according to computed
tomography (CT) during hospitalization was 50.0%;
8.5% of patients were treated in intensive care units,
45.7% received hormonal therapy, 5.9% — biologically
active therapy. 17.0% of patients had mild pneumonia,
31.3% — moderate, 38.1% — severe, and 13.6% —
extremely severe pneumonia.

During the wisits, all the study participants
underwent determination of elastic properties of the
peripheral arterial wall by volumetric sphygmography
on the VaSera VS-1000 Series sphygmomanometer
(Fukuda Denishi, Japan). We assessed baPWV on the
right and left; ABI on the right and left as the ratio of
systolic blood pressure (BP) at the ankle to systolic
BP at the arm. The averaged values between the right
and left sides were analyzed. In accordance with the
specified hardware conditions for interpretation of the
results, baPWV was considered to be normal at < 13.5
cm / sec; normal ABI values were considered to be

1.0 < ABI < 1.3 (vascular age was not assessed in the
control group, since it was determined in less than half
ofthe patients in this group). Echo was performed on the
best-in-class Vivid S70 ultrasound diagnostic system
with data storage in DICOM format and subsequent
data analysis on the Intelli Space Cardiovascular
workstation using the TomTec software (Philips,
USA). LV GLS > -18% was considered to be reduced
[10, 11]. The symptoms of anxiety — depressive
disorders (according to the GAD7 and PHQ9 scales),
stress disorders (according to the Perceived Stress
Scale (PSS-10)), and the quality of life (according to
the SF-36 questionnaire) were assessed.

Statistical analysis was carried out using the SPSS
21 software application package (SPSS Inc., Chicago,
IL, USA) and Statistica 12.0. The distribution of vari-
ables was assessed using the Kolmogorov — Smirnov
test. For normal distribution of quantitative variables,
parameters were presented as the mean and the stan-
dard deviation (M + SD). For distribution other than
normal, parameters were presented as the median and
the interquartile range Me [Q,; O..]. The significance
of differences in continuous variables was assessed
depending on the data distribution using the Student’s
t-test for dependent variables or the Wilcoxon test.
To compare qualitative variables, the McNemar test
was used. Correlations between pairs of quantitative
variables were assessed using the Pearson’s chi-squared
test for normal distribution, and Spearman’s rank cor-
relation coefficient for non-normal distribution. Com-
parison with the control group was performed using the
Kruskal — Wallis test or one-way analysis of variance
for quantitative variables, and by the y2 test or Fisher’s
exact test for qualitative parameters. The results were
considered statistically significant at p < 0.05.

RESULTS

The mean body mass index (BMI) in the main
group corresponded to overweight at both visits and
increased over the follow-up period (Table 1). The
number of smokers decreased by 9.2%, but drinking
alcohol several times a week increased by 5%.
Symptoms of anxiety — depressive and stress disorders
and subjectively perceived quality of life did not
change significantly. The prevalence of cardiovascular
diseases increased due to the newly identified 7 cases
of AH and 6 cases of coronary artery disease (CAD).
At the same time, no significant change in BP and heart
rate was registered. The average baPWV decreased
by 0.2 cm / sec, and the frequency of detection of
its elevated values decreased by 10.3%. The average

Bulletin of Siberian Medicine. 2024; 23 (1): 94-104 97



Yaroslavskaya E.l., Shirokov N.E., Krinochkin D.V. et al.

Changes in the cardiovascular profile in patients 3 and 12 months

value of ABI increased by 0.02, remaining within
the normal range. The number of patients with
normalization of lung CT data increased by 5.4%.
The main group did not differ from the control
group in age and sex composition, significant
differences in BMI appeared only at the end of the
observation period. Individuals who had COVID-19
pneumonia in the early recovery period drank alcohol
less frequently, more often showed symptoms of

anxiety, and had worse physical characteristics of
health than the control group. Patients of the main
group did not differ from the control group in the
frequency of AH, but 3 months after discharge, they
showed a trend toward higher systolic BP than in
the control group, and their diastolic BP was higher
throughout the observation. In the control group, only
one patient had diabetes mellitus, and there were no
diagnosed cases of CAD.

Table 1
Changes in clinical parameters of patients after COVID-19 pneumonia and the control group
Patients after COVID-19
neumonia Control group,
Parameter After 3 monrt)hs, After 12 months, p n= SgS ’ p* P
n=154 n=154
Age, years, M = SD 513+ 11.5 — - 51.8+10.8 0.943 —
Female gender, % 48.1 — — 56.4 0.290 —
Body mass index, kg / m%, M + SD 28.5+4.4 29.3+4.38 <0.001 27.4+42 0.093 | 0.013
Smoking or recently quit, n (%) 62 (40.3) 46 (31.1) 0.002 15 (41.7) 0.877 | 0.266
do not drink 34 (22.4) 39 (26.7) 0.302 5(13.9) 0.259 | 0.107
L several times a year 70 (46.1) 53 (36.3) 0.002 18 (50.0) 0.670 | 0.131
Alcohol drinking, (%) several times a month 42 (27.6) 40 (27.4) 0.690 | 7(194) | 0314 | 0329
once/several times a week 6(3.9) 13 (8.9) 0.039 6 (16.7) 0.013 | 0.220
Identifying anxiety symptoms using the GAD7 scale, n (%) 47 (30.7) 36 (25.4) 0.185 4 (11.1) 0.017 | 0.067
Ldg)t/tt)ifying depression symptoms using the PHQ9 scale, 49 (32.0) 36 (25.4) 0.262 8(22.2) 0249 | 0697
Identifying stress symptoms using the Perceived Stress
Scale—IyO, i 9 ymp £ 16 (10.5) 12 (8.5) 1.000 2(5.6) 0.533 | 0.738
Generalized'score's of the Physical component 43 ‘;?551 6] [4 4?’;572 4] 0.143 4 5.57?';)2.7] 0.096 | 0.282
SF-36 questionnaire, 67.0
Me[Q,; 0,] Mental component 66.7[59.7,71.4] | 67.7[59.3; 71.9] | 0.341 [60.9: 713] 0.855 | 0.879
Arterial hypertension, 7 (%) 111 (72.1) 118 (77.1) 0.039 38 (69.1) 0.671 | 0.238
Coronary artery disease, 1 (%) 21 (13.6) 27 (17.6) 0.031 0(0.0) 0.004 | 0.001
Type 2 diabetes mellitus, 7 (%) 20 (13.0) 21 (13.6) 1.000 1(1.8) 0.018 | 0.014
) ) ) FCI 51(71.8) 55(72.4) 0.388 15(88.2) 0.219 | 0.244
S‘();iemve heart failure according to NYHA, FCII 17 (23.9) 18 (23.7) 1000 | 2(11.8) | 0.344 | 0348
FC I 3(4.2) 3.9 1.000 0(0.0) 1.000 | 1.000
Office blood pressure, mm Systolic 129 [117;140] | 128[116;139] | 0.511 |120[110;135]| 0.068 | 0.081
Hg, Me [Q,; O] Diastolic 82 [75; 92] 85 [80; 92] 0.164 | 80[70;81] | 0.011 | 0.001
Heart rate per minute, Me [Q,.; O] 63 [58; 70] 62 [56; 68] 0.400 72 [66;78] 0.857 | 0.183
Normalization of lung CT data, % 38.8 44.2 <0.001 - — -
Parameters of vascular wall elasticity
Average baPWV value, cm / sec, Me [Q,; O] 13.2 130 <0.001 - - -
[11.8;15.1] [11.8; 14.1]
l;r(izl)lency of detection of elevated baPWV (> 13.5 cm / sec), 69 (45.4) 54.(35.1) 0.008 3 3 3
Average ABI value, Me [Q,; O..] 1.09[1.04; 1.14] | 1.11 [1.06; 1.17] | 0.012 — - —
Detection of reduced ABI (less than 1), n (%) 44 (29.7) 35(23.5) 0.451 — — —
Detection of increased ABI (1.3 and above), n (%) 3(2.1) 3(2.1) 1.000 - - -

Note. NYHA — New York Heart Association; FC — functional class; CT — computed tomography, p — level of statistical significance of differences

between the groups of patients.

p* — significance of differences between the control group and those who had COVID-19 pneumonia 3 months after discharge; p** — significance
of differences between the control group and those who had COVID-19 pneumonia 12 months after discharge.
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During hospitalization, the reference values of
C-reactive protein (CRP), lactate dehydrogenase
(LDH), aspartate aminotransferase (AST) (moderate
increase), alanine aminotransferase (ALT) were
significantly exceeded with subsequent normalization
(with the exception of CRP: its average values after
discharge decreased, butdid notreach the normal value)
(Table 2). At 12 months after discharge, there was a
significant decrease in levels of total cholesterol (TC),
triglycerides, and low-density lipoprotein cholesterol
(LDL-C). At the same time, the mean values of these
parameters in the outpatient setting were higher than
the reference values except for triglycerides. During
outpatient follow-up, the liver function tests worsened,
the levels of creatine phosphokinase, creatinine,

leukocytes, CRP, including high-sensitivity CRP,
ferritin, and interleukin (IL) 1 and 6 increased. There
was a trend toward a decrease in the level of glycated
hemoglobin, its average value approached the normal
ones. The N-terminal pro b-type natriuretic peptide
(NT-proBNP) level decreased. The frequency of
use of beta-blockers (34.0 vs. 42.5%; p = 0.027)
and statins (46.9 vs. 59.5%; p = 0.001) increased
over the follow-up period. The frequency of use of
the following groups of drugs did not change:
adenosine-converting enzyme inhibitors (26.5 and
30.1%; p = 0.327), antiplatelet agents (aspirin /
clopidogrel) (19.0 and 19.6%; p = 0.754), diuretics
(46.3 and 49.7%; p = 0.458), hypoglycemic agents
(11.7 and 12.3%; p = 1.000).

Table 2
Changes in laboratory parameters of individuals with optimal Echo visualization after COVID-19 pneumonia
Parameter Hos.pitalization '3 months after .12 months after p between 3
period, n =154 discharge, n =154 | discharge, n =154 | and 12 months

TC, mmol /1, Me [Q,; O..], M+ SD, N 0-5 4.0[3.3;4.8] 5514 51+13 <0.001
TG, mmol /1, Me [Q,; O..], N 0-1.7 - 1.3[0.9; 1.7] 1.1[0.8; 1.6] 0.039
LDL, mmol /1, M+ SD N 0-3 - 31+1.2 31+1.0 0.004
ALT, units / 1, Me [Q,; O], N males <40; females <31 32.0[17.3;57.1] 21.0 [15.9; 27.5] 24.0 [18.6; 30.8] 0.008
AST, units/l, Me [Q,; O,.], N males <38; females <32 32.7 [23.9; 46.0] 19.4 [16.0; 24.2] 21.9[18.6; 25.8] 0.002
Lactate dehydrogenase, units / 1, Me [Q,; O], N 0-248 | 421.5[292.0; 592.0] | 183.9 [159.9; 204.3] | 181.6 [159.0; 200.4] 0.064
Creatine phosphokinase, units/l, Me [Q,; Q.], N males 108.0 100.0 118.0 <0.001
<190; females <167 [63.0; 227.0] [72.1; 139.6] [84.1;165.1]

Creatinine, pmol/l, Me [Q,; O..], 80.0 74.5 77.2 <0.001
N males 62—106; females 44—80 [69.0; 97.0] [65.3; 83.2] [67.4;87.2]

Fasting glucose, mmol / I, Me [Q,; 0.1, N 3.3-6.1 7.216.5;9.1] 5.4[5.0;5.9] 5.4[5.0; 6.0] 0.806
Glycated hemoglobin, %, Me [Q,; 0., N 4.5-6.0 - 6.7 [5.7; 8.0] 5.8 [5.5;6.2] 0.070
Leukocytes, 10°/1, Me [Q,.; O..1, N 4.0-9.0 5.9[4.4;7.8] 5.2[4.3;64] 5.5[4.6; 6.5] 0.001
Lymphocytes, %, M + SD, Me [Q,; O,,], N 19-37 23.0+11.3 1.8[1.5;2.2] 1.9[1.6;2.2] 0.387
CRP, mg /1, Me [Q,;; O,;], N<3 58.5[15.9; 115.6] 3.5[1.7;6.2] 4.2[2.9;7.6] <0.001
hsCRP, mg /1, Me [Q,; O], N<3 - 3.8[1.7;7.0] 4.1[2.6;7.5] <0.001
Ferritin, mg / ml, Me [Q,; O], N males 20-300; N 67.8 106.8 0.002
females 10-120 [24.5; 151.6] [37.9; 184.2]

D-dimer, pg/ml, Me [Q,; 0.1, N 0.1-0.5 0.4 [0.2; 0.6] 0.3[0.1; 0.4] 0.1[0.1;0.2] 0.527
NT-proBNP, pg/ml, Me [Q,; O], N under 75 years 3 67.4 58.7 0.007
<125, over 75 years <400 [29.1; 155.8] [30.9; 98.1]

Interleukin 8, pg / ml, Me [Q,; O,.], N<8.11 - 13.7[10.3; 17.3] 13.8[10.3; 17.2] 0.739
Interleukin 1, pg / ml, Me [Q,; O..], N 0-5 pkg/ml - 2.0[1.6;2.8] 2.2[1.6;3.1] 0.001
Interleukin 6, pg / ml, M + SD, N <9.7 - 30+1.2 3.5+0.9 <0.001

Note. HDL — high-density lipoproteins; LDL — low-density lipoproteins; ALT — alanine aminotransferase; AST — aspartate aminotransferase;
hsCRP — high-sensitivity C-reactive protein, N — normal values.
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Larger values of LV volume during hospitalization
can be explained by the infusion load, which was
pathogenetically justified in the acute period of the
disease. The larger anteroposterior dimension of the
right ventricle (RV) can be explained by the load
on the pulmonary circulation caused by pneumonia
(Table 3). During the observation period, the area
of RV decreased; the fraction of change in the area
of RV increased, indicating structural and functional
recovery of the RV. However, such parameters of RV
function as tricuspid annular plane systolic excursion
(TAPSE), peak tricuspid regurgitation velocity,
S’ tricuspid annular velocity, acceleration time of
blood flow in the RV outflow tract in the main group,
though being within the normal range, did not reach
the values of the control group in dynamics, which
indicates limitation of RV function after COVID-19
pneumonia.

In terms of LV parameters, COVID-19 pneumonia
survivors showed a significant decrease in LV end-
systolic volume and a slight increase in LV ejection
fraction at one year after discharge, suggesting an
improvement in LV systolic function in the late
recovery period. However, the deterioration of LV
diastolic function parameters draws attention: early
diastolic mitral annular velocity at the septal annulus
(e’ sept) significantly decreased (and one year after
discharge, it showed a trend toward a lower value
than in the control group), there was a trend toward
a decrease in LV early diastolic filling deceleration
time (DT) and the ratio of the early diastolic velocity
of transmittal flow to the early diastolic velocity of
the mitral annulus (E/e’). The worse diastolic function
compared to the control group is also evidenced by the
longer LV isovolumic relaxation time (IVRT) during
the whole observation period in the main group.

Table 3
Changes in the echocardiography parameters of persons after COVID-19 pneumonia and the control group, M = SD
Patients after COVID-19
Hospitalization pneumonia Control
Parameter period, After 3 After 12 p group, p* p**
n=154 months, months, n=355
n=154 n=154

. . ml 113.1£24.1 90.2+22.8 89.3£20.6 | 0.521 | 88.1+£21.7 | 0.620 | 0.664

LV end-diastolic volume (EDV) ml/ m’ - 465499 | 456486 | 0.167 | 462491 | 0.950 | 0.585

. ml 36.4+12.3 29.3+10.7 27.4+7.3 0.031 | 28.6+10.1 | 0.608 | 0.849

LV end-systolic volume (ESV) ml / m’ - 151449 | 140:31 | 0009 | 149445 | 0.902 | 0.346

LV myocardial mass according to the g - 145.9434.6 | 148.9£32.3 | 0.449 | 136.4+£33.8 | 0.055 | 0.009

area-length method g/ m? 75.6x152 | 76.1+13.1 0.736 | 71.2+12.3 | 0.039 | 0.012

LV ejection fraction (2D Simpson), % 68.2+5.8 68.1+4.8 69.4+3.9 0.004 | 68.3+4.8 | 0.832 | 0.062

Time of blood flow deceleration in LV outflow tract, ms - 215.0+£32.2 | 215.7+£30.9 | 0.889 |209.7+29.5| 0.292 | 0.217

LV isovolumic relaxation time, IVRT, ms — 101.8422.3 | 105.9421.9 | 0.113 | 92.9+21.5 | 0.012 |<0.001

DT, ms — 216.6£61.9 | 205.8451.5 | 0.054 | 194.4+£39.7| 0.123 | 0.338

LV early diastolic filling velocity, E, cm /s - 71.2+15.5 69.4+14.6 | 0.137 | 71.8+16.2 | 0.823 | 0.313

LV late diastolic filling velocity, A, cm /s — 68.8+16.3 68.4+154 | 0.731 | 66.2+14.2 | 0.284 | 0.476

fr?;{lylfslazmlﬁferveclz;‘;y at the lateral part of the mitral - 11.03.6 | 109434 | 0349 | 11.1£3.0 | 0.578 | 0.552

Early diast701ic velocity at the septal part of the mitral 3 8.443.0 80425 0.023 38426 0272 | 0.076
annulus, e’ sept, cm/s

E/e’ - 9.7£3.1 9.5£2.8 0.051 9.9+2.4 0.303 | 0.180

Maximum left atrial volume ml - 47.9+13.6 | 48.3£129 | 0474 | 47.1£12.2 | 0.823 | 0.412

ml / m? - 24.8+6.6 24.745.9 0.953 | 24.7£52 | 0.674 | 0.895

Anteroposterior dimension of the RV mm 26.943.3 25.5+2.4 25.842.7 0.539 | 25.3+2.4 | 0.631 | 0.440

mm / m? - 13.3£1.5 13.3+1.5 0.319 13.4+1.6 | 0918 | 0.727

Diastolic area of the RV cm? - 15.7+4.0 14.843.3 | <0.001 | 14.9+3.1 | 0.289 | 0.723

cm?/ m? — 8.1£1.7 7.5+1.4 <0.001 7.9£1.5 0.354 | 0.129

Fraction of change in RV area, % - 50.8+8.8 53.0+£8.4 0.004 | 52.9+8.3 | 0.117 | 0.678

TAPSE, mm - 22.742.5 22.742.3 0.973 | 24.2+2.4 [<0.001|<0.001

Peak tricuspid regurgitation velocity, cm /s - [1,5;.12,3] [1.92;‘12.3] 0.553 [1.61;.92.1] 0.004 | <0.001

Velocity S’ of the tricuspid annulus, cm/s - 9.8+2.6 9.7+2.7 0.289 12.6+1.8 |<0.001 | <0.001

Acceleration time of blood flow in RV outflow tract, ms - 113.2422.9 | 113.7421.3 | 0.929 | 123.2+26.2 | 0.003 | 0.007

Note. DT — deceleration time of LV early diastolic filling.
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The absence of significant differences in LV GLS in
comparison with the control group and the frequency
of detection of reduced LV GLS comparable to the
control group (Table 4) allows to evaluate the state of
LV systolic function in the main group as satisfactory.
Improvement in segmental strain values was noted in
the inferior and lateral segments of the L'V basal level,
with this improvement reaching statistical significance

in the basal inferoseptal segment (Table 4). It is worth
noting that the value of longitudinal strain in this
particular segment 3 months after discharge tended to
be lower than in the control group. There was some
improvement in the values of segmental strain of LV
middle level segments, but it did not reach statistical
significance. The strain of the apical level segments
worsened insignificantly.

Table 4

Changes in LV strain parameters in individuals 3 and 12 months after COVID-19 pneumonia and the control group, %, M+SD

o . Patients after COVID-19 pneumonia Control group
Longitudinal strain parameter, % After 3 months, After 12 months, p n=55 > p* p**
n=154 n=154

Global (LV GLS) -19.6£2.2 -19.7+£25 0.854 -19.9+£27 0.556 0.653
Global strain >-18% 33 (21.4) 41 (26.6) 0.268 15 (27.3) 0.376 0.926
Basal anterior segment -17.3+42 -16.7+4.0 0.156 -17.3+4.0 0.965 0.435
Basal anteroseptal segment -16.8+3.3 -16.7+3.4 0.727 -17.3+£3.5 0.494 0.316
Basal inferoseptal segment -19.2+£3.6 —20.1+4.0 0.032 —20.1+3.9 0.060 0.851
Basal inferior segment -16.6 £3.0 -16.8+3.2 0.596 -16.5+3.2 0.728 0.435
Basal inferolateral segment —-173+3.8 -17.7+4.1 0.321 -17.5+3.6 0.787 0.502
Basal anterolateral segment —18.2+4.2 —18.0+4.0 0.459 -18.5+4.6 0.484 0.474
Middle anterior segment -17.6+4.2 -17.4+4.0 0.556 —17.8+4.5 0.970 0.720
Middle anteroseptal segment —20.8+3.6 —20.5+3.4 0.424 -20.8+3.6 0.926 0.850
Middle inferoseptal segment -212+34 —21.9+33 0.093 —222+35 0.125 0.808
Middle inferior segment -20.4+3.0 —20.3+3.1 0.925 —20.3+3.0 0.699 0.984
Middle inferolateral segment -17.9+3.7 -18.0+3.9 0.974 -17.7+£3.7 0.482 0.343
Middle anterolateral segment -19.1+3.4 -19.2+3.7 0.838 -19.1£3.9 0.664 0.787
Apical anterior segment —213+£52 —21.3+5.0 0.792 —21.8+5.1 0.846 0.912
Apical septal segment —24.0+4.7 -239+4.6 0.954 —243+4.0 0.647 0.620
Apical inferior segment —232+4.6 —23.0+4.5 0.472 —23.8+4.1 0.658 0.701
Apical lateral segment —21.2+4.6 —20.9+5.0 0.539 —21.1+4.1 0.836 0.879
Apical segment -22.5+4.0 -223+42 0.324 -22.8+3.9 0.887 0.746
Basal level -17.6 £2.2 -17.7+2.6 0.448 -17.9+2.7 0.400 0.627
Middle level -19.5+£2.0 -19.6 £2.5 0.734 -19.6 £2.6 0.722 0.865
Apical level —22.5+4.0 —223+42 0.693 —22.7+3.8 0.639 0.489

Our study did not reveal the previously described
[2, 3] associations of arterial stiffness parameters
with LV GLS, which may be due to dysregulation of
arterial — ventricular interaction caused by COVID-19.
One year after discharge, arterial stiffness parameters
(average baPWV (r = 0.209, p = 0.009) and average
ABI (r = 0.190, p = 0.021) demonstrated a positive
correlation with parameters of segmental strain of the
LV basal level.

DISCUSSION

In the in-hospital period, CRP values were many
times higher than the reference values, indicating
extremely high activity of the inflammatory process
and severity of tissue damage. In the recovery period,
CRP values never reached the norm and, moreover,

increased at one year after discharge, indicating a
persistent potential for an increased inflammatory
response in the late recovery period of the disease.
High levels of high-sensitivity CRP and IL-8 during
the recovery period, as well as increased levels of IL-1
and IL-6, indicate a persistent vascular inflammatory
process, which may imply a threat of vascular
complications.

The deterioration of the cardiovascular status
during the observation period is evidenced by both the
increase in the incidence of cardiovascular diseases
(AH - by 5%, CAD — by 4%) and the need to prescribe
beta-blockers, which increased by 8.5%, and statins —
by 12.6%. The latter explains the fact that lipid profile
values improved, but liver function tests worsened and
the level of creatine phosphokinase increased.
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The data on normalization of RV function obtained
by us are in agreement with positive dynamics of
CT lung data in our patients. The improvement of
LV systolic function was indicated by the revealed
decrease in LV end-systolic volume and a slight
increase in LVEF, but the improvement of LV GLS was
insignificant, and LV diastolic function deteriorated,
as evidenced by the dynamics of tissue and pulse-wave
Doppler parameters. Taking into account the worse
parameters of L'V diastolic function in the main group
in comparison with the control group, COVID-19 can
be considered as a pathogenetic factor of LV diastolic
function disorders in our patients along with the
progression of cardiovascular pathology.

Patients in the present study showed some
improvement in arterial stiffness parameters during
the follow-up period, as evidenced by a small but
statistically significant decrease in baPWV, as well
as a 10.3% decrease in the frequency of its elevated
values. The increase in average ABI within normal
values does not contradict this conclusion. These
results can be interpreted as a return to baseline (before
COVID-19) values of functional parameters of the
vascular wall. However, the frequency of detection of
abnormalities at the 2nd visit was still high (baPWV
— 35.1%, ABI — 25.6%). Considering the negative
dynamics we found in diastolic function parameters,
as well as the high incidence of disturbances in
arterial stiffness parameters one year after COVID-19
pneumonia, longer-term follow-up is necessary to
study the degree of reversibility of vascular changes
and their prognostic consequences.

The improvement of arterial stiffness parameters
according to our results is associated with
improvement of LV basal segmental strain. Since
it was previously shown that in the early recovery
period after COVID-19, a decrease in LV segmental
strain is characteristic mainly for LV basal segments
[12], this result can be interpreted as the restoration
of LV strain properties, impaired in the acute period
of COVID-19.

We found the only study with 1-year follow-up
of arterial stiffness and LV GLS after COVID-19.
Greek researchers I. lkonomidis et al. examined
70 patients (54.5 years) 4 and 12 months after the
diagnosis of COVID-19 and 70 individuals without
COVID-19 matched by basic clinical characteristics
[13]. The mean values of carotid — femoral PWV in
the group after COVID-19 decreased insignificantly
in the dynamics (12.09 and 11.19 m /s, p = 0.883),
but still there was a trend toward higher values than in

the control group (11.19 vs. 10.04 m / s, p = 0.057).
Twelve months after COVID-19, LV GLS values
showed a trend toward improvement compared to
values at 4 months (—19.55 vs. —20.32%, p = 0.069),
although they remained lower than in the control
group (—20.32 vs. —21.98%, p = 0.003) [13].

We also found an insignificant improvement in LV
GLS 12 months after COVID-19, and its value was
closer to the data of group of I. Ikonomidis et al. 4
months after COVID-19 infection. This can probably
be associated with a more severe course of COVID-19
in our patients: in the acute period, they all required
hospitalization and 8.5% of them required mechanical
ventilation, while in 34.3% of patients in the study
by I. Ikonomidis et al., the course of the disease was
mild and did not require hospitalization, and none of
the Greek patients required mechanical ventilation.
The LV GLS values obtained in our study can be
attributed to the so-called grey zone, when the values
can be regarded as both normal and pathological (LV
GLS from —18% to —20%) [11]. It should be noted
that according to the Greek researchers’ data, the RV
function parameters significantly improved, and one
year after COVID-19 reached the parameters of the
control group [13], which is fully consistent with our
results.

The clinical significance of our study lies in
identifying the negative dynamics of LV diastolic
function in the long term after a complicated course
of COVID-19. The assessment of arterial stiffness
and LV diastolic function in this population may be
an important prognostic factor and a marker of an
increased risk of cardiovascular complications and
thus will help identify a group of patients who need
additional measures of secondary prevention.

A limitation of the study is the lack of data on
arterial stiffness, LV longitudinal strain, and diastolic
function before COVID-19 and during the acute
period of the disease. It should be taken into account
that the identified disorders, in addition to the direct
effect of the virus, may be caused by its indirect effect
through the development of new and aggravation of
already existing cardiovascular diseases. In addition,
our sample is limited to individuals with optimal Echo
imaging.

CONCLUSION

Patients with optimal visualization on echocar-
diography one year after COVID-19 pneumonia,
compared with the results of the examination after
3 months, have worsening parameters of L'V diastolic
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function. LV GLS was within the “grey zone” and did talized with COVID-19 in the New York City Area. JAMA.
not change significantly. An improvement in vascular 2020;323(20):2052-2059. DOL: 10.1001/jama.2020.6775.
stiffness was noted. associated with an improvement 8. Liberati A., Altman D.G., Tetzlaff J., Mulrow C., Getzsche P.C.,

. o g . Ioannidis J.P.A. et al. The PRISMA Statement for Report-
in the longitudinal strain of LV basal segments. ing Systematic Reviews and Meta-Analyses of Studies That
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