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AHHOTAUNA

BgedeHue. V13yyeHne cocyancToi HeCTKOCTU ABAETCA METOLOM OLIEHKM PUCKa CEepAEYHO-COCYANUCTLIX 3aboneBaHNM.
OQHMM M3 MEeTO[0B OLIEHKM apTepuaiibHOM KECTKOCTU FABNAETCA CEpPAEYHO-NOObINKEYHBIA COCYAMUCTBIN MHAEKC (aHN.:
cardio-ankle vascular index, CAVI), oTpaatoLLmi cTeneHb CTPYKTYPHbIX NOparKeHui cocyoB. [laHHbIN MHAEKC NepCrekTUBEH
BNA U3y4eHUA COCYAMCTON MECTKOCTM Y NIULL CTapyecKoro Bo3pacTa C XPOHWMYECKOM cepAeyHon HepocTatouHocTbio (XCH)
C Lienbio BbIABMIEHWA HOBbIX NPEAUKTOPOB CEPAEYHO COCYAMCTOr0 pucKa.

Llens. 3yyeHne MHOEKCOB COCYAMCTOM HECTKOCTU (CEpAEYHO-NOABLIFKEYHOr0 U NOABIFKEYHO-NIEYEBOr0) Y NALIMEHTOB
cTapyeckoro Bo3pacTa (75-89 net) ¢ XCH MeTogom o6beMHoi churmorpadum.

Mamepuanel u Memodel. B uccneposanue BrniodeHo 120 naumeHTos (87 eHLwmH 1 33 MyxkumHbl) ¢ XCH cTapyeckoro
Bo3pacTa (cpepHuin Bo3pact 81,3 + 4,2 net). BceM naumeHTaM MpoBOAMSICA aHanM3 MoKasaTenen 3xoKapavorpadum
u churmorpadum c oueHromn mHgekca CAVI v nogpieyHo-nneveBoro MHAEKcA.

Pesynemamei. Y naumentos ¢ XCH IV gyHKumoHanbHoro Knacca (OK) Habniopanca Hanbonbwmi uugexc CAVI cnpaga,
KoTopbli npeBbiwan nokasatenn rpynn XCH Il OK w Il OK Ha 0,57 u 1,02 egmuny cootetcTBeHHo (p < 0,05). MHpeKc
CAVI cneBa 6bin Boiwwe y naumeHtos ¢ XCH IV OK no cpasHenwuio ¢ rpynnamu XCH Il OK v Il OK (Ha 0,47 v 0,6 egnuny
COOTBETCTBEHHO, p < 0,05). TaKe 6binM BbIABNEHBI KOPPENALMOHHbIE B3aMOCBA3M COCYAMCTON HECTKOCTU C BO3PacToM
naumenta, OK XCH u ¢ axoxkapavorpaguyeckumm nokasatenamu: dpakumeit BbIbpoca NeBOro Xenynouka, KOHeYHbIM
AVaCcTOIMYECKMM Pa3MepoM N1EBOT0 XeyA04Ka, KOHEYHbIM CUCTONIMYECKUM pa3MepoM NieBoro wenygouka (p < 0,05).

3akmoyeHue. CeppeyHO-NOMObIKEYHbIA COCYAMUCTBIN MHOEKC MOMET WCMOb30BaThCA [JIA OLEHKWM COCYAUCTOM
YKECTKOCTM Y MaLMeHTOB cTapyeckoro Bo3pacta ¢ XCH v MoxeT nomoyb OnpegenuTb pUCK CepAeyvHO-COCYAUCTbIX
3abonesaHui. Heobxoaumel aanbHewlwme UccnefoBaHUaA Ha HoMbLLUEel BbIOOpKe NaLMEHTOB.
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Vascular Stiffness in Senile Patients
with Chronic Heart Failure
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Viktoriya I. Tokareva

Ryazan State Medical University, Ryazan, Russian Federation

ABSTRACT

INTRODUCTION: The study of vascular stiffness is a method of assessing the risk of cardiovascular diseases. One
of methods of assessing arterial stiffness is thecardio-ankle vascular index (CAVI), which reflects the extent of structural
lesion of vessels. This index has prospects in application for studying vascular stiffness in senile individuals with chronic
heart failure (CHF) to identify new predictors of the cardiovascular risk.

AIM: To study the parameters of vascular stiffness (cardio-vascular and ankle-brachial indices) in senile patients
(75-89 years) with CHF using the volume sphygmography method.

MATERIALS AND METHODS: The study included 120 patients (87 women and 33 men) with CHF of senile age (mean
age 81.3 + 4.2 years). In all patients, the electrocardiography and sphygmography data were analyzed with assessment
of the CAVI and ankle-brachial index.

RESULTS: In patients with IV functional class (FC) CHF, the highest CAVI was found on the right exceeding the
parameters of Il FC CHF and Il FC CHF groups by 0.57 and 1.02 units, respectively (p < 0.05). The CAVI on the left in patients
with IV FC CHF was higher in comparison with [I FC CHF and Ill FC CHF groups by 0.47 and 0.6 units, respectively. There
were also identified correlation relationships of vascular stiffness with the age of patients, functional class of chronic
heart failure and echocardiographic parameters: left ventricle ejection fraction, left ventricle end-diastolic diameter,
left-ventricle end-systolic diameter (p < 0.05).

CONCLUSION: The cardio-ankle vascular index can be used to assess vascular stiffness in senile patients with CHF
and can help determine the risk of cardiovascular diseases. Further studies are needed on a larger sample of patients.
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LIST OF ABBREVIATIONS

ABI — ankle-brachial index

AP — arterial pressure

CAVI — cardio-ankle vascular index
CHF — chronic heart failure

CVD — cardiovascular disease

EDD — end diastolic diameter

INTRODUCTION

Age is an established risk factor for development of
cardiovascular diseases (CVD), however, vascular changes
considerably vary in individuals of the same age group,
and the vascular health parameters are increasingly
recognized to have a better prognostics value for adverse
cardiovascular outcomes than the passport age [1-3].

Ageing is associated with morphological changes
in all layers of the vessel wall. They include thickening
of the arterial wall even in the absence of athero-
sclerotic disease. These changes lead to an increase in
vascular stiffness, in central arterial pressure (AP), in
systolic pressure and pulse pressure with a decrease
in diastolic blood pressure [1]. Endothelial dysfunction
and a decrease in the elasticity of the vessel wall,
irrespective of coronary atherosclerosis, cause the
development of such cardiovascular catastrophes as
myocardial infarction [2, 3].

Volume sphygmography indices are used to assess
the primary and secondary prevention of CVD [4, 5].
Determining the pulse wave velocity in the area from
the common carotid artery to the femoral artery is the
‘gold standard' for measuring arterial stiffness.

Currently, there exist methods, in particular,
the assessment of the cardio-ankle vascular index
(CAVI), which, according to the data of numerous
epidemiological and clinical studies, is of independent
diagnostic and prognostic significance [6]. It was found at
the population level that the CAVI index slowly changes
over time, therefore it is not sensitive to modification
of risk factors or pharmacological interventions [7]. The
accumulated data on volume sphygmography show that
arterial stiffness and CAVI correlate with atherosclerotic
load and are predictors of CVDs [7, 8].

In the conducted longitudinal studies, a decrease
in CAVI by more than 0.15 units over three years is
associated with 2.4 times higher risk of death and
2.8 times higher mortality from CVDs [8-10]. In some
studies, an association was found between CAVI > 9
units and an increased risk of CVDs, while in other
studies CAVI > 8 units was reported to be a risk factor
for cardiovascular catastrophes [11, 12].
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EF — ejection fraction

ESD — end systolic diameter
FC — functional class

L — on the left

LV — left ventricle

R — on the right

According to the materials of the ESSE-RF study,
the arterial stiffness index in the adult population
sample of Tomsk, had an independent prognostic
significance for CVD, and the index more than 7.8 units
was a reclassifies of cardiovascular risk [13]. In other
studies of CVDs, CAVI below 7.8 units compared with
that above 7.8 units correlated with a higher risk of
developing chronic heart failure (CHF) in patients without
coronary heart disease (odds ratio 1.61, 95% confidence
interval 1,14-2,29) [7, 14]. Currently, CAVI is used to
predict mortality from CVDs (coronary heart disease,
stroke) [15].

The aim of this study vascular stiffness indices in
senile patients with chronic heart failure using volume

sphygmography.

MATERIALS AND METHODS

The study protocol was considered and approved
by the Local Ethics Committee of Ryazan State Medical
University (Protocol No. 3 of October 10, 2021).

Inclusion criteria: (1) CHF diagnosis stated in the
medical card, (2) patient’s age corresponding to senility
in WHO classification (75-89 years), (3) life expectancy
more than a year, (4) signing the Informed consent to
participation in the study.

Exclusion criteria: (1) age of long-livers (= 90 years),
(2) a documented active oncological process, (3) signs
of acute inflammation including the new coronavirus
infection, (4) clinically significant exacerbation of a
chronic disease except CHF, (5) a severe mental illness.

Echocardiographic examination was performed on
a Philips Affinity 70 apparatus of expert class (Phillips
Corp., the Netherlands), with the assessment of linear
dimensions of heart chambers, left ventricular (LV)
ejection fraction (EF), and condition of heart valves.

Using a Vasera VS-2000 volume sphygmography
apparatus (Fukuda Denshi Corp., Japan), vascular
stiffness was assessed including CAVI (a parameter of
rigidity of the aorta and arterial vessels, an estimate
of the pulse wave velocity and vessel wall elasticity),
and ankle-brachial index (ABI) that reflects the ratio of
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systolic AP measured on the shin to that measured on
the brachial artery, demonstrates the degree of stenosis/
occlusion in the system of the popliteal artery)).

The study involved 120 patients (87 women (72.5%)
and 33 men (27.5%)) of senile age (mean age 81.3 + 4.2
years) with CHF.

In the studied cohort of patients, arterial hyper-
tension was recorded in 99% of cases, coronary heart
disease — in 70% (including a past myocardial infarction
in 26%), type 2 diabetes mellitus — in 18.3%, aortic
stenosis — in 19%, mitral stenosis — in 3.5%, a complete
block of the left branch of the bundle of His — in 21%,
a complete block of the right branch of the bundle of
His — in 7.5%. Ten percent of patients had a history
of coronary artery stenting, 53% — of atrial fibrillation,
and 13% — of acute cerebrovascular accident.

The mean height of the studied patients was
163.09 + 7.86 cm, the mean body weight —
75.18 + 13.36 kg, the mean body mass index —
28.26 + 4.76 kg/m?, the mean waist circumference —
99.80 + 11.51 cm, the mean body surface area —
1.80 + 0.18 m?, the mean systolic AP — 147.8 + 23.5
mm Hg, the mean diastolic AP — 84.6 + 12.3 mm, the
mean pulse pressure — 63.6 + 20.0 mm Hg.

The distribution of patients by CHF stages was as
follows: 10% had | stage of the disease, 73% — IIA
stage, 17% — IIB stage; stage Ill was not recorded.
On inclusion in the study, 1.2% of patients had the first
functional class (FC) of CHF, 52.2% — Il FC, 44.2% —
Il FC, 2.4% — IV FC. LVEF was preserved in 78%
of cases, moderately reduced in 12%, low in 10%.
Signs of CHF decompensation upon admission to hospital
were recorded in 41% of patients.

The data analysis was carried out using the Stat
Soft 13.0 program (Dell Inc., USA). The Kolmogorov—
Smirnov test was used to assess the normality of
the distribution of the quantitative data. The data are
presented as a mean value (M) and a standard deviation
(SD). Single-factor analysis of variance was used to
compare the mean values, and the probable relation-
ship between variables was assessed using linear
regression analysis. The differences were considered
statistically significant at p < 0.05.

RESULTS

Depending on the FC of CHF, the patients were
divided into three groups (Table 1). As follows from
the table data, the CAVI on the right (R) in patients
with Il FC CHF was statistically higher by 0.45 units
than in patients with lll FC CHF (p = 0.04). The highest
R-CAVI was identified in IV FC CHF group, where it
was 0.57 units higher than in Il FC CHF and 1.02 units
higher than in lll FC CHF group (p = 0.035 and p = 0.041,
respectively).
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In comparison, ABI on the right was comparable
in the group of patents with Il FC CHF and Ill FC CHF,
but differed from the group of patients with IV FC CHF
by 0.37 units (p = 0.05 and p = 0.04, respectively).
CAVI on the left was 0.47 units higher in patients with
IV FC CHF in comparison with patients with Il FC CHF
and 0.6 units higher than in patients with [l FC CHF
(p = 0.021 and p = 0.03, respectively). ABI on the left
was statistically significantly lower by 0.15 units and
by 0.34 units in the group of patients with IV FC CHF
relative to the groups with Il FC CHF and lll FC CHF
(p = 0.034 and p = 0.043, respectively).

Linear regression analysis revealed statistically
significant interrelations of the functional class of CHF
with the indices:

- R-CAVI (B=9.316 (8.814; 9.818); p = 0.001, R*-0.02);

- R-ABI (B =1.361 (1.071; 1.652); p = 0.001. R-0.16);

- L-CAVI (B = 9.718 (9.266; 10.170); p = 0.001.
R2-0.001);

- L-ABI (B =1.065 (0.839; 1.291); p = 0.001. R?-0.001).

Besides, statistically significant interrelations
of the patients’ age with R-ABI (B = 4.267 (0.693; 7.841);
p = 0.020, R?-0.014) were also recorded.

Depending on the value of CAVI and taking into
the account the literature data [1], the patients were
divided into two groups: group 1 involved patients
with the CAVI below 7.8 units (‘normal’ vessels),
group 2 included patients with the CAVI more than 7.8
units (‘stiff’ vessels). Comparative assessment of the
heart ultrasound parameters of the patients with CHF
depending on the degree of vascular stiffness (Table 2)
was carried out.

Patients of group 2 (‘stiff’ vessels) had a larger
diameter of the left atrium at rest (by 0.1 cm, p = 0.006),
a higher LFEF (by 4.4%, p = 0.045), thickness of the
posterior wall of the LV in diastole (by 0.02 cm, p = 0.05),
whereas patients of group 1 (‘normal’ vessels) had a
larger end-diastolic diameter (EDD) of the LV (by 0.12 cm,
p = 0.005), end-systolic diameter (ESD) of the LV (by
0.27 cm, p = 0.045), thickness of the interventricular
septum (by 0.03 cm, p = 0.046), anteroposterior
dimension of the right ventricle (by 0.22 cm, p = 0.05).

Statistically significant differences were recorded
between group 1 and group 2 in the anteroposterior
dimension of the right ventricle, both in R-CAVI and
L-CAVI subgroups (p = 0.004 and p = 0.044, respectively).

Linear regression analysis revealed statistically
significant interrelations of the LVEF with the indices:

- R-CAVI (B = 7.253 (5.626; 8.880); p = 0.001.
R2-0.039);

- L-CAVI (B = 8.154 (6.713; 9.595); p = 0.001.
R2-0.024);

- L-ABI (B = 1.452 (0.659; 2.244); p = 0.001. R?-0.004).

Statistically significant correlations were recorded
between the EDD LV and indices:
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Table 1. Comparative Characteristics of Volume Sphygmography Indices in Patients Depending on Functional Class of Chronic

Heart Failure

Index Value, units
Index chronic heart failure, chronic heart failure, chronic heart failure,
Il functional class Ill functional class IV functional class P
1 2
p,.,=0.04
R-CAVI 9.63 +1.68 9.18+2.96 10.2+0.85 p;.;=0.035
_ p,,=0.041
On the right
pi,=06
R-ABI 117 £1.27 117 £1.51 0.80 £ 0.07 p;.;=0.05
pr;=04
p;,=071
L-CAVI 9.73 £1.53 9.60 +2.67 102+1.14 p,;=0.021
=0.03
On the left Pza
p,,=0.05
L-ABI 1.02+0.16 121 +156 0.87 £0.13 p;.;=0.034
p,,=0.043

Notes: L-ABI — ankle-brachial index on the left, L-CAVI — cardio-ankle vascular index on the left, R-ABI — ankle-brachial index on the right,
R-CAVI — cardio-ankle vascular index on the right

Table 2. Parameters of Echocardiography in Normal and Increased Value of Cardio-Ankle Index

On the right On the left
Parameters
>7,8en. <7,8ep. p >7,8en. <7,8ep. p
Left atrium, cm 453+ 0,66 4434161 0,006 454+ 0,68 4,42 +150 0,08
End-diastolic diameter of the 5184076 530+ 0,51 0,005 5194076 525+ 0,53 0,031
left ventricle, cm
End-systolic diameter of the 359 +0,90 386070 0,045 359+0,90 386070 0,03
left ventricle, cm
Left ventricular ejection 56,57 + 11,95 52,17+ 11,57 0,045 56,43 +11.96 5331+ 11,87 0,07
fraction, %
Interventricular septum 113+0,15 1154023 0,005 112+0,14 1144026 0,055
thickness, cm
Posterior left ventricular wall 099+0,13 097+0,16 005 099012 099+0,17 005
thickness, cm
Anteroposterior dimension of 2564035 2,78+ 0,40 0,004 256.+0,35 272 04 0,044
the right ventricle, cm
- R-CAVI (B = 10.154 (7.662; 12.646); p = 0.001. - R-CAVI (B = 10.285 (8.814; 11.756); p = 0.001.
R2-0.002). R2-0.009);
- L-CAVI (B = 10.192 (8.001; 12.382); p = 0.001. - R-ABI (B = 1.373 (0.458; 2.289); p = 0.004.
R2-0.002). R2-0.001);
Statistically significant correlations were identified - L-CAVI (B = 10.671 (9.382; 11.959); p = 0.001.
between the ESD LV and indices: R2-0.015).
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DISCUSSION

Arterial stiffness is a significant risk factor for the
heart failure [16]. To note, besides predictive function,
vascular stiffness parameters can also be used to
select antihypertensive therapy and can become the
target for novel or already existing drugs, which means
that correction of vascular stiffness may help reduce
cardiovascular mortality [17].

CAVl is a promising parameter in the assessment of
arterial stiffness, the data on its clinical significance have
been already accumulated, and one of its advantages is
independence of AP [18].

A group analysis in our study showed that an
increase in the arterial stiffness was in correspondence
with increasing severity of CHF; increased arterial
thickness has an effect on the post load of the LV which
predisposes to its hypertrophy and is an independent
predictor of cardiovascular death [8].

In the assessment of R-IV and L-ABI in the group
of IV FC CHF, lower values of these indices were noted,
which may evidence a high probability for stenosis or
occlusion in the system of the femoral and popliteal
arteries.

Statistically significant interrelations between the
patient’s age and ABI were recorded, the values of the
latter were statistically significantly higher in patients
with IV FC CHF. Statistically significant interrelations of
CHF with R-CAVI, R-ABI, L-CAVI, L-ABI may evidence an
association between vascular stiffness and development
of CVD. The data obtained by us are confirmed in recent
studies that reflect the predictive potential of CAVI [19, 20].

Assessment of the US parameters of the heart
showed statistically higher linear dimensions of the
left atrium, higher values of thickness of the posterior
wall of the LV and higher LVEF in the group with 'stiff’
vessels, which, in our opinion, reflects a history of
arterial hypertension with damage to the heart as the
target organ.

In linear regression analysis, the LVEF
echocardiographic parameter appeared to be most
dependent on the age-related vascular stiffness and
occlusion. The EDD LV and ESD LV echocardiographic
parameters depended only on vascular stiffness. More
accurate conclusions about the vascular stiffness in
senile patients with CHF can be made in the course of
in-depth studies on a larger cohort of patients.
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CONCLUSION

The results of measuring the cardio-ankle vascular
index reflecting the elastic properties of blood vessels,
revealed higher vascular stiffness in patients with
chronic heart failure of IV functional class and a high risk
for occlusion in the femoral-popliteal vascular system,
especially on the left, compared with lower functional
classes of chronic heart failure.

The cardio-ankle vascular index showed a
statistically significant correlation with the patient's age
and with echocardiographic parameters (left ventricular
ejection fraction, end systolic and end diastolic
dimensions of the left ventricle). The effect of vascular
stiffness on the dilatation of the left atrium and right
ventricle was identified. The existence of peripheral
artery diseases and a reduced left ventricular ejection
fraction are probably associated with a limited exercise
tolerance and impaired cardiopulmonary function,
which is a potential mechanism for increased risk of
cardiovascular diseases.
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