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wall dysfunction.

cardiovascular risk stratification in COVID-19 survivors.

o Aortic elasticity is a well-established surrogate marker of cardiovascular risk.
o Severe acute respiratory syndrome coronavirus 2-induced endothelial cell injury can lead to arterial

o The use of transthoracic echocardiography may be helpful in evaluating aortic elasticity parameters for
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Abstract

Objective: While severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) primarily affects lung tissue, it may
cause direct or indirect damage to the cardiovascular sys-
tem, and permanent damage may occur. Arterial stiffness is
an early indicator of cardiovascular disease risk. The aim of
our study was to establish the potential effects of SARS-
CoV-2 on the vascular system evaluated by transthoracic
echocardiographic examination. Subjects and Methods:
This study compared arterial stiffness between the survivors
of COVID-19 and those without a history of COVID-19 infec-
tion. The difference in aortic diameter was examined using
echocardiography. Results: The study included 50 patients
who survived COVID-19 in the last 3-6 months and 50 age-
and gender-matched healthy volunteers. In surviving CO-
VID-19 patients, aortic diastolic diameterin cm ([3.1 £ 0.2] vs.

[2.9£0.1], p < 0.001), pulse pressure (PP) ([43.02 + 14.05] vs.
[35.74 +9.86], p = 0.004), aortic distensibility ([5.61 + 3.57] vs.
[8.31 +3.82], p <0.001), aortic strain ([10.56 £ 4.91] vs.[13.88
+ 5.86], p = 0.003), PP/stroke volume index ([1.25 £+ 0.47] vs.
[0.98 + 0.28], p = 0.001), and aortic stiffness index ([2.82 +
0.47] vs.[2.46 + 0.45], p < 0.001) were statistically significant
compared to the control group. Conclusion: SARS-CoV-2
may cause reduced or impaired aortic elasticity parameters
linked to impaired arterial wall function in COVID-19 survi-

vors compared with controls. © 2022 The Author(s).

Published by S. Karger AG, Basel

Introduction

COVID-19 emerged in Wuhan, Chinain 2019 and im-
pacted communities all over the world in a short period
of time [1]. Although the disease primarily affects the re-
spiratory system due to the dominance of aerosol trans-
mission, it is also known to cause multisystem involve-
ment, including the cardiovascular system [2]. It was
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shown that patients with COVID-19 experience changes
in vascular tone especially due to endothelial cell function
[3]. A change in vascular tone is a sign of aortic stiffness,
manifested mainly by a loss of elasticity of the large blood
vessels, which increases with advanced age. It triggers
atherosclerosis and causes serious cardiovascular prob-
lems, such as hypertension, coronary artery disease, heart
failure, and stroke [4].

Elevated cholesterol, blood pressure (BP) values, and
body weight are traditional cardiovascular risk factors,
and it is possible for some patients to have cardiovascular
diseases without risk factors [5]. Therefore, there is a need
for clinical use of supplementary criteria in addition to
traditional risk factors. Adverse arterial remodeling is in-
evitable due to loss of arterial elasticity. Impairment of
arterial elasticity is an independent predictor for cardio-
vascular event risk [6]. Aortic elasticity, indicative of vas-
cular stiffness, is expressed as the aortic stiffness index
(ASI) and aortic distensibility (AD). A decrease in elastic-
ity is inversely proportional to the ASI and directly pro-
portional to the AD [7]. Assessment of arterial stiffness
may include noninvasive applanation tonometry, echo-
cardiography, and magnetic resonance imaging. Carotid-
femoral pulse wave velocity (PWV) is especially recom-
mended as the gold standard method for assessing arte-
rial stiffness [8]. Although the PWV technique is widely
used, echocardiography has not been adequately used [9].
Echocardiography results are more valuable because cen-
tral arterial stiffness is more specific in predicting cardio-
vascular outcomes than peripheral arterial stiffness [10].
Pulse pressure (PP) is often used to estimate global arte-
rial stiffness. However, the use of PP alone may not be
sufficient as PP is associated with stroke volume (SV)
[11]. Therefore, data obtained as a ratio of PP to SV index
(SVi) (PP/SVi) will provide more reasonable estimates of
arterial stiffness. In light of the abovementioned informa-
tion, this study aimed to evaluate whether there is a dif-
ference in arterial stiffness between the survivors of CO-
VID-19 and those without a history of COVID-19 infec-
tion and the effect of COVID-19 on arterial stiffness.

Subjects and Methods

Study Population

Our study was a case-control cross-sectional study conducted
in a tertiary health center. The study included 50 patients who were
admitted to our cardiology outpatient clinic and survived CO-
VID-19 in the last 3-6 months and 50 age- and gender-matched
healthy volunteers. Patients with positive polymerase chain reac-
tion test result were included in the COVID-19 survivors group.

Aortic Elasticity Parameters and
COVID-19

A total of 180 patients
were screened

Inadequate Malignancies (n = 2)

qua . Hypertension (n = 34)
echqcardlographlc 'mage | | I piabetes mellitus (n=22)
Z?ngfg =ag)r’ta>40 mm Heart failure (n = 8)
=4 9 Prosthetic heart valves (n = 4)

A total of 100, COVID-19 patients
(20 males, 30 females) and control
group patients (24 males, 26 females)
were enrolled in the study

Fig. 1. Flowchart of study selection.

Combined throat/nasal swabs for polymerase chain reaction tests
were taken in accordance with the guidelines of the Republic of
Turkey Ministry of Health and the World Health Organization.
Hospital admission occurred in line with the recommendations of
the scientific committee in our country [12]. In the presence of the
specified criteria, patients were hospitalized: (1) moderate/severe
pneumonia (patients with bilateral widespread pneumonia find-
ings on their chest X-ray or tomography, hypotension (<90/60 mm
Hg) according to the preliminary clinical evaluation, tachypneic
(=30/min) or those that had arterial oxygen saturation level below
93% without supplemental oxygen), or severe laboratory param-
eters (ferritin value >1,000 ng/mL or high-sensitivity C-reactive
protein >40 mg/dL or lymphope) despite unilateral infiltration in
the lung. In the presence of the following specified criteria, the pa-
tients were admitted to the intensive care unit: (1) respiratory rate
of 230/min, oxygen saturation of <90%, and partial oxygen of 70
mm Hg, considering nasal oxygen supplement of >5 L per min,
tachycardia (100 beats/min), systolic BP of 90 mm Hg, mean arte-
rial BP of 65 mm Hg, PaO,/FiO, <300, and lactate levels >2
mmol/L.

We excluded patients with a history of cerebrovascular disease,
severe renal and liver failure, malignant disease, atrial fibrillation
and atrial flutter, hypertension and diabetes mellitus, heart failure,
moderate or severe heart valve stenosis or insufficiency, history of
coronary artery bypass surgery, prosthetic heart valves, connective
tissue diseases such as Marfan syndrome, ascending aorta >40 mm,
bicuspid aortic valve, poor echocardiographic window, and pa-
tients younger than 18 years of age. The flowchart for the study is
shown in Figure 1.

Demographic characteristics of all patients were recorded. Lab-
oratory parameters were taken from the hospital automation sys-
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Fig. 2. Measurement of systolic and diastol-
ic diameters of the ascending aorta with
transthoracic M-mode echocardiography.

tem and recorded. Left ventricular ejection fraction <40% was de-
fined as heart failure with reduced left ventricular function. Fever
was determined as body temperature of 238°C.

Echocardiographic Imaging Protocol

Since arterial BP values of the patients were used to calculate
the ASI, and BP levels were measured just prior to initiation of
echocardiographic imaging. The measurements were performed
in the echocardiography laboratory on the right and left arm after
15 min of rest in a seated position in a quiet environment. BP was
measured twice with an oscillometric sphygmomanometer at 5
min intervals. The average of the measurements was used for anal-
ysis. Systolic BP and diastolic BP were recorded, and the difference
between them was defined as the PP. Following the BP measure-
ments, echocardiographic examinations were performed.

Echocardiographic examinations were performed by simulta-
neous electrocardiography using a Philips EPIQ 7 Ultrasound
Machine (Philips EPIQ 7 Cardiac Ultrasound; Bothell, WA, USA)
and 2.5 MHz probe. Echocardiographic measurements were
made with patients lying in the left lateral position. Left ventricu-
lar ejection fraction was calculated using the modified Simpson’s
formula. Measurements of the left and right cardiac chambers
were made in accordance with the imaging guidelines recom-
mended by the American and European Heart Associations [13].
Following the measurements of standard 2D right and left cardiac
cavities, anterior and posterior wall aortic diameters at systole
(AoS) and diastole (AoD) were calculated from a distance of 3 cm
from the aortic valve using parasternal long axis M-mode imag-
ing. AoS was measured when the aortic valve was open, and AoD

Med Princ Pract 2022;31:276-283
DOI: 10.1159/000522626

278

was measured based on the peak QRS wave on electrocardiogra-
phy. The measurements were averaged over 5 consecutive heart
beats (Fig. 2). Measurements of left ventricular global longitudinal
strain were performed offline using QLab 11.0 (Philips, Andover,
MA, USA).

The ASI was calculated using the formulas below [14].

Pulse pressure (mm Hg) =
Systolic blood pressure - Diastolic blood pressure

AoS — AoD
Aortic strain (AS) (%) =100 x M )
AoD
(AoS— AoD)
AoD

PP

1

(10° x mm Hg) =2

Aortic distensibility (AD)

(AoS— AoD)
AoD '

Aortic stiffness index (ASI)=In [ SBP ]

DBP

Stroke volume (SV) (mL) = Aortic annular cross -
sectional area x (Doppler velocity - time integral of aortic flow)
Stroke volume index (SVi) [m—L] SV )

m BSA

2

Statistical Analysis
Statistical data were analyzed using the SPSS 19.0 (SPSS Inc,
Chicago, IL, USA) program. The Kolmogorov-Smirnov test was
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Table 1.Demographicand laboratory findings of COVID-19 patients
and the control group

Table 2. Clinical characteristics and laboratory findings of COVID-19
patients

COVID-19 (n=50) Control (n=50) p value

Signs and symptoms COVID-19 (n = 50)

Age, years 46.52+14.68 48.86+15.37 0.910
Gender

Male 20 24

Female 30 26 0.420
Smoking, % 15 13 0.824
BMI, kg/m? 26.80+1.61 26.24+1.80 0.105
Heart rate 78.58+13.16 82.16x+15.58 0.218
SBP, mm Hg 113.42+14.43 109.42+12.86  0.147
DBP, mm Hg 70.40+£10.37 73.68+£10.01 0.111
Glucose, mg/dL 102.28+15.40 97.56+20.24 0.377
Creatinine, mg/dL  0.75+0.13 0.70+0.27 0.497
Hemoglobin, g/dL  13.88+1.15 14.04+1.15 0.491
LDL, mg/dL 128.30+37.40 135.25+46.31 0.500
HDL, mg/dL 56.33£15.26 51.61£16.56 0.257
Triglyceride, mg/dL 133.90+65.53 152.44+72.43  0.285

BMI, body massindex; SBP, systolic blood pressure; DBP, diastolic
blood pressure; LDL, low-density lipoprotein; HDL, high-density
lipoprotein.

Fever, n (%) 37 (74)
Cough, n (%) 8(16)
Myalgia, n (%) 8(16)
Inpatient treatment, n (%) 6(12)
Lung infection, n (%) 9(18)

Laboratory data, median (per 25-75)

Serum ferritin 145 (55-408)

D-dimer, ng/mL 45 (23-107)

Hs-TnT, ng/L 21 (6.8-45)

Hospital stay, days 7(6-11)
Treatment, n (%)

HFNC/NIMV 5(10)

ICU admission 3(6)

Invasive mechanical ventilation 1(2)

Hs-TnT, high-sensitive cardiac troponin T; ICU, intensive care
unit; HFNC, high-flow nasal cannula; NIMV, noninvasive mechanic
ventilation.

Table 3. Correlation of variables with vascular stiffness in patients with COVID-19

Aortic distensibility Aortic strain ASI PP/SVi

rvalue p value rvalue p value rvalue p value rvalue p value
Age 0.030 0.834 -0.165 0.252 0.005 0.971 -0.089 0.377
Female —-0.042 0.775 0.074 0.610 0.072 0.619 0.062 0.542
Time after first diagnosis ~ 0.039 0.788 0.131 0.366 —-0.082 0.571 -0.018 0.899
Serum ferritin -0.116 0.422 -0.043 0.767 0.109 0.450 —-0.031 0.832
D-dimer 0.164 0.255 0.046 0.749 -0.171 0.235 0.012 0.932
Hs-TnT 0.115 0.425 0.029 0.843 -0.100 0.489 0.009 0.950

ASI, aortic stiffness index; Hs-TnT, high-sensitive cardiac troponin T; PP/SVi, pulse pressure/stroke volume index.

used to evaluate the distribution of continuous variables. Con-
tinuous variables are expressed as mean * standard deviation,
and categorical variables are expressed as percentages and num-
bers. Data are presented as median (interquartile range) for con-
tinuous variables. The ¢ test and Mann-Whitney U-test were
used to compare normally distributed data and non-normally
distributed data, respectively. The x* test was used to compare
the odds ratios of categorical variables. Pearson’s test was used
for correlation analysis. p values below 0.05 were considered sta-
tistically significant. Our study was evaluated with post hoc
power analysis using G*Power (software version 3.1.9.6) (effect
size 0.60, alpha error: 0.05, and 50 patients in group 1 and 50
patients in group 2), which provided 0.9089529 power for the
independent samples t test.

Aortic Elasticity Parameters and
COVID-19

Results

The study comprised 100 individuals, including CO-
VID-19 survivors (20 male and 30 female) and the control
group (24 male and 26 female). There was no in-hospital
mortality in our study. The mean age of the COVID-19
survivors was 46.52 + 14.68 years, whereas the mean age
of the control group was 48.86 + 15.37 years. The demo-
graphic and laboratory data of the patients are shown in
Table 1.

All patients in the hospital required nasal oxygen sup-
port. Oxygen support was provided by high-flow nasal
cannula or noninvasive mechanic ventilation in 5 pa-
tients. Oxygen support was provided by orotracheal intu-
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Table 4. Echocardiographic and aortic

elasticity parameters of the study COVID-19(n=50)  Control (1=50)  pvalue
population
LVEDD, mm 43.80+2.36 42.82+3.47 0.103
LVESD, mm 28.46x2.04 27.96£2.19 0.500
Left ventricle
LVEF, % 58.02+4.84 59.78+4.90 0.075
GLS, % —19.18+£1.00 —22.44+1.70 <0.001
SV, mL 69.28+11 72.74+10.21 0.106
SVi, mL/m? 36.04+5.99 38.05+5.50 0.084
IVS thickness, mm 10.84+1.25 10.70+1.16 0.564
PW thickness, mm 8.56+1.19 8.46+1.16 0.673
Mitral E/A ratio 1.02+0.13 0.99+0.15 0.320
LA diameter, mm 37.18+2.14 36.38+3.12 0.139
RA diameter, mm 30.66%3.11 31.32+2.04 0.214
RV diameter, mm 28.66%3.30 29.14+2.93 0.444
TAPSE, mm 18.76+2.23 19.32+£2.77 0.560
SPAP, mm Hg 20.78+2.35 19.82+2.49 0.960
Mild MR, n (%) 11(22) 6(12) 0.180
Mild AR, n (%) 6(12) 4(8) 0.504
Aortic elasticity parameters
Aortic systolic diameter, cm 3.5+0.2 3.4+0.2 0.073
Aortic diastolic diameter, cm 3.1+0.2 2.9+0.1 <0.001
PP 43.02+£14.05 35.74+£9.86 0.004
Aortic distensibility 5.61+3.57 8.31+3.82 <0.001
Aortic strain 10.56+4.91 13.88+5.86 0.003
ASI 2.82+0.47 2.46+0.45 <0.001
PP/SVi 1.25+0.47 0.98+0.28 0.001
LVEF, left ventricular ejection fraction; GLS, global longitudinal strain; LVEDD, left
ventricular end diastolic dimension; LVESD, left ventricular end systolic dimension; IVS,
interventricular septum; PW, posterior wall; E, peak transmitral flow velocities at early filling
phase; A, peak transmitral flow velocities at late filling phase; LA, left atrium; RA, right atrium;
RV, right ventricle; SV, stroke volume; SVi, stroke volume index; TAPSE, tricuspid annular
systolic excursion; SPAP, systolic pulmonary artery pressure; MR, mitral regurgitation; AR,
aortic regurgitation; PP, pulse pressure; ASI, aortic stiffness index.
2 bation in only 1 patient. Three patients were admitted to
4,00 ¢ theintensive care unit (Table 2). There was no correlation
£ between aortic elasticity, ASI, PP/SVi, and AD with age,
350 4 c female gender, and time since the diagnosis of COVID-19,
3 o § serum ferritin, D-dimer, and high-sensitivity cardiac tro-
< 3004 5 ponin (Hs-TnT) (Table 3).
n o . . .
£ Table 4 shows the echocardiographic and aortic elas-
B 5504 ticity parameters of patients. Mean left ventricular global
£ longitudinal strain was statistically significantly different
~ 5004 between COVID-19 survivors and the control group
p < 0.001 1 (-19.18 + 1.00 and —22.44 + 1.70, respectively; p < 0.001).
1504 The mean ASI was significantly higher in COVID-19
' T — ) survivors compared to the control group (2.8 + 0.4 and
i ontro 2.4 £ 0.4, respectively; p < 0.001) (Fig. 3). Mean PP/SVi

Fig. 3. Comparison of the ASI for COVID-19 survivors and control
groups.
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was significantly higher in COVID-19 survivors com-
pared to the control group (1.25 + 0.47 and 0.98 + 0.28,
respectively; p = 0.001). Similarly, PP was significantly
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higher in COVID-19 survivors compared to the control
group (43.02 + 14.05 and 35.74 + 9.86, respectively; p =
0.004). On the other hand, mean AD and aortic strain
(AS) were significantly lower in COVID-19 survivors
compared to the control group (5.6 + 3.5 and 8.3 + 3.8,
respectively; p <0.001) and (10.56 +4.91 and 13.88 + 5.86,
respectively; p = 0.003) (Table 4).

Discussion

In this study, it was demonstrated for the first time us-
ing echocardiographicimaging that ASand AD decreased
and PP, ASI, and PP/SVi increased significantly in CO-
VID-19 survivors compared to healthy adult controls.
The clinical features of COVID-19 patients can range
from asymptomatic to acute respiratory distress and
death [16]. Heart rate tends to be higher in survivors of
COVID-19, and our study results differ from literature
data. The difference in clinical variables such as sympa-
thetic system activation and cytokine storm may have
caused this difference [17].

Although COVID-19 disease is associated with pneu-
monia, it can affect many systemic organs due to endothe-
lial damage. Endothelial damage in COVID-19 patients can
be caused by the direct effect of severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) virus or can be in-
directly caused by cytokine and complement activation
[18]. In addition, other mechanisms (subintimal bleeding,
edema, inflammation, etc.) are believed to be key elements
in the pathogenesis of arterial damage [19]. Endothelial
damage and subsequent atherosclerotic processes cause
thickening and stiffness of the tunica media layer as the
prevalence and severity of atherosclerosis increases, leading
to arterial stiffness [20]. Satiroglu et al. [21] performed cor-
onary angiography for suspected coronary artery disease
and found that the increased ASI was proportional to the
prevalence of CAD and the number of coronary vessels in-
volved. Since serious adverse cardiovascular outcomes may
occur in patients with an increased ASI, it is important to
identify these patients with a noninvasive method before
the manifestation of cardiovascular diseases.

Rodilla et al. [22] showed that increased arterial stiff-
ness was associated with mortality in hospitalized pa-
tients with a diagnosis of COVID-19. The investigators
used PP to define arterial stiffness and showed that indi-
viduals with values above 60 mm Hg are at high risk for
mortality [22]. Our study differed in that in addition to
PP, echocardiographic imaging and arterial elasticity pa-
rameters were compared between the groups. Compared

Aortic Elasticity Parameters and
COVID-19

to the mean PP of 74 mm Hg in the study by Rodilla et al.
[22], mean PP in COVID-19 survivors was 43 mm Hg in
the present study. Compared to the study by Rodilla et al.
[22], the younger age of our patients explains the differ-
ence in PP. In long-term follow-up, it will be understood
whether PP values have an effect on mortality risk, espe-
cially in young patients. Hypertension and diastolic dys-
function are associated with abnormal aortic wall compli-
ance. Early vascular aging is observed in hypertensive pa-
tients [23]. Advanced age and hypertension are the most
important factors in arterial stiffness, and exclusion of
patients with advanced age and hypertension in our study
explains the lower value obtained and makes the result
more meaningful. Survivors of COVID-19 are likely to be
at higher risk than the control group, due to the possibil-
ity of adding comorbid conditions in the coming years.
A recent study evaluated endothelial functions of CO-
VID-19 survivors 4 months after infection along with ca-
rotid-femoral PWYV, central BP, and aortic elastic parame-
ters. The results of the study showed impaired endothelial
functions and arterial stiffness [24]. In another study,
Schnaubelt et al. [25] measured PWYV, which is a measure
of arterial stiffness, using an oscillometric pulse wave device
in peripheral arteries of patients with COVID-19. They
showed that increased PWV was associated with increased
in-hospital mortality and prolonged hospitalizations in pa-
tients with COVID-19 [25]. The PWV technique is used to
evaluate arterial stiffness, and it seems that alternative
methods such as echocardiographic imaging may be useful
in the evaluation of arterial stiffness. As seen in our study,
even after weeks, COVID-19 survivors had higher arterial
stiffness index compared to healthy individuals.
SARS-CoV-2 binds to the angiotensin-converting en-
zyme 2 receptor using the spike protein [26]. The presence
of angiotensin-converting enzyme 2 in cardiomyocytes
outside of lung tissue makes cardiac tissue a potential tar-
get for the virus [27]. The results of our study proved in-
creased aortic diastolic diameters in patients who recov-
ered from COVID-19 compared to the control group. The
basis of this change is likely to be decreased elasticity of
the ascending aorta. As a matter of fact, endothelial dys-
function may occur either directly through immunologi-
cal pathways or during infection with SARS-CoV-2 [28,
29]. Therefore, it is possible for patients with COVID-19
to have loss of elasticity of the ascending aorta due to en-
dothelial damage and an increase in the diameter of the
ascending aorta in the following period. Loss of elasticity
of the ascending aorta is an independent predictor of all-
cause mortality and cardiovascular events, even in indi-
viduals without known cardiovascular disease [30].
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In line with the results obtained in our study, calcula-
tion of the ASI with echocardiographic imaging can be
used as an affordable and easy method for the assessment
of cardiovascular disease risk in COVID-19 survivors. A
limitation of this study is that it has a small sample size
due to the excess of exclusion criteria. Second, this study
was not a follow-up study. Conducting long-term follow-
up studies using the arterial stiffness index may increase
our knowledge about long-term cardiac complications in
COVID-19 survivors.

Conclusion

COVID-19 has negative effects on the cardiovascular
system the underlying mechanisms of which are unclear.
Adverse changes in the arterial wall are possible in CO-
VID-19 infection. To conclude, this study is the first to
demonstrate that AS and AD decreased, and PP, PP/SVi,
and ASI increased in COVID-19 survivors using the
echocardiographic imaging method.
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