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In terms of the general aging of population the role of senescence in the vascular and cardiac remodeling development remains controversial.
The ways the ventricular and arterial stiffening affects the myocardial functioning are still unclear.

Objective. The aim of this study was to evaluate the impact of aging on myocardial deformation and arterial stiffness in hypertensive men
using aortic pulse wave velocity (aoPWV) and speckle tracking echocardiography.

Materials and Methods. 32 men with arterial hypertension stage II and 12 healthy males from 45 to 72 years were included into this study.
Aortic stiffness was evaluated with the use of BPLab Vasotens System. Transthoracic echocardiography was performed using My Lab 50 equipment
(Esaote, Italy). The patients with hypertension and healthy individuals from the control group were divided into 2 groups according their age.

Results. ASI significantly correlated with age (r=0.26, p<0.05), PP (r=0.22, p< 0.05), a0PWV (r=0.16, p<0.05), Alx (r=0.16, p=0.002). PPA
appeared related to BP (r=0.27, p<0.05 for SBP with PPA). Global longitudinal strain (GLS) becomes significantly reduced in hypertensive
patients compared to the control group. It was markedly diminished in both groups over 55 years. GLS correlated with aoPWYV (r=0.26, p<0.05).
Circumferential and radial strain at the basal and the apical LV segments did not show significant difference in groups divided by age.

Conclusions. The present study demonstrates the additional impact of aging on the development of both cardiac and vascular remodeling,
leading to myocardial longitudinal strain disorders and an enhanced arterial stiffness. At the basis of revealed correlations aoPWV and global
longitudinal strain may be considered also as the marker of vascular aging in hypertensive men and in general population.
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Bikogi oco6auBocTi 1edopmanii Miokapaa Ta skopcTKocTi apTepiii y 4oJ10BiKiB i3 rineproHiuHo0 XBOp0o00I0
B. A. Bisip, A. C. Cadomos, O. B. Haconenko

3 oIy Ha MPOrpecyBaHHs CTApiHHS MOMYJSILIT B IIIJIOMY BHBUCHHS POJIi BIKOBHX 3MiH Y PO3BHUTKY CYAWHHOTO Ta Kap/IiaJlbHOTO peMoie-
JIIOBaHHS 3QJIMIIAETHCS AKTYaIbHUM.

Merta po6oTH — OL[IHUTH BIUIMB CTApiHHA Ha JedopMalliio MiokapJa Ta apTepialbHy JKOPCTKICTh y YOJIOBIKIB i3 T1IIEpPTOHIYHOIO XBOPOOOIO
3 BUKOPHCTAHHSIM BU3HAUCHHs LIBUAKOCTI MynbcoBoi XxBHI B aopti (aollllIX) i mapamerpis, 110 ofep»kaHi 3a JOMOMOTOI0 CHEKJI-TPEKiHT
exokapaiorpadii.

Marepiaan Ta MeToau. 32 narieHTH 40JI0Bivoi cTari 3 rineproHiyHOr0 XBopoboto II craxii Ta 12 npakTHYHO 3710POBHX YOJIOBIKIB BIKOM BiJ|
45 no 72 pokiB BKIIOYMIN B A0CHipKeHHs. JKopeTkicTs aprepiit omiHoBa M 3 BukopucranHsaM cucteMu BPLab Vasotens. Tpancropakanbay
exokapiorpadiro 3miHCHUIN 3 BUKOpUCTaHHAM obnagnanus My Lab 50 (Esaote, ITamis). XBopux i3 I'X i 1ocii/pKyBaHUX i3 KOHTPOJIBHOT
IPYIH TOUTHIN Ha 2 TPYIIH 32 BIKOM.

PesyabraTu. ASI BiporigHo kopemntoBas i3 BikoM (r=0,26, p<0,05), mynscoBum AT (r=0,22, p<0,05), aollIITX (r=0,16 , p<0,05), Alx (r=0,16,
p=0,002). BusieieHo B3aemo3B’si30k PPA 3 AT (1=0,27, p<0,05 mns CAT i3 PPA). Tlmo6anpha nosnosxus nedopmais (GLS) y xBopux Ha
apTepianbHy rinepTeHsiro Oyiia 3HAYHO HIDKYOIO TIOPIBHSHO 3 KOHTPOJIBHOO rpymnoro. 3umkenns GLS Big3Hadanu B 000X rpymax crapiie 3a
55 pokiB. GLS xopemosana 3 aollIITX (r=0,26, p<0,05). HupkynspHa Ta paxiansHa nedopmanii B 6a3anpHux, anikansHux cermentax JIII ne
MOKa3aJIM iICTOTHUX BiIMIHHOCTEH y TpyIax, KOTpi MOIICHI 32 BIKOM.

BucnoBkH. JI0CITi/DKEHHS IEMOHCTPY€ JOAATKOBHIT BIUTMB CTapiHHA HAa PO3BUTOK SIK Kap/iabHOTO, TAK 1 BACKYJISPHOTO PEMOIEIIOBAHHS, 1110
MIPU3BOAMTH JI0 MOPYIIECHHS MMO3I0BKHBO1 e opMarii Miokap/a Ta MiIBUIECHOT )KOPCTKOCTI apTepiil. Ha mincrasi BusBneHnx kopessmiit aolLITIX
1 moOanpHa MO3IOBKHS Ae(OopMallisi MOXKYTh PO3IIIAAATHCS TAKOXK SK MapKep CyAWHHOTO CTapiHHA B YOMOBIKIB 13 ['X 1 B momyssmii B mijomy.

Knrwuosi cnosa: cinepmoniuna xeopoba, sHcopcmkicms apmepitl.
3anopizekuit meduunuii ycypuan. — 2016. — Ne6 (99). — C. 21-24

Bo3pactHble 0cob6eHHOCTH AedopMaANMN MHOKAPAA U KECTKOCTH APTEPUIl Y MYKYUH € THIEPTOHNYECKOii 00/1e3HBI0
B. A. Busup, A. C. Cadomos, A. B. Haconenko

YyuThiBas Mporpeccupyroliee crapeHue MOMyNALUY B LIEJIOM, U3y4EeHUE POJIM BO3PACTHBIX U3MEHEHHUI B pa3BUTUU COCYAUCTOrO U KapAu-
aJIbHOTO PEMOJICINPOBAHUS OCTAETCS AKTyaIbHbBIM.

Leas padoThI — OLIEHHUTH BIHSIHUE CTAPEHHS Ha IeOpMaIMI0 MHOKAP/a U apTepUaNIbHYI0 KECTKOCTh Y MY)KUHH C THIEPTOHHYECKOit Ooe3-
HBIO C UCIIOJIb30BAHUEM ONpe/IeNICHHUs CKOPOCTH MMyJIbCOBOM BOMHBI B aopTe (a0CIIB) n mapaMeTpoB, Moay4eHHbIX IPU IOMOIIHU CIEKI-TPEKUHT
9XOKapAnOrpapum.

Marepuanasl 1 MeToabl. 32 nanueHTa ¢ runepronndeckoit 6onesnsto (I'B) Il craguu u 12 npakTHdecky 310pOBBIX JIMI B BO3pacTte oT 45 1o
72 net ObUTH BKIIFOUEHBI B UccieioBanue. JKEcTkocTh apTepuil olieHnBaM ¢ HCToIb30BaHneM cucTeMbl BPLab Vasotens (ociuioMeTpuiecKkum
MeTozioM). TpaHcTopakaibHast 3XoKaparorpadus MpoOBOANIACE C UCIONb30BaHneM obopynoBanus My Lab 50 (Esaote, Utanus). Bonbubie ¢ I'b
1 UCTIBITYEMbI€ U3 KOHTPOJIBHOH IPyMITb! OBIIN pa3eraeHbl Ha 2 TPYMIIBI 110 BO3PACTY.

Pe3yabTarsl. ASI noctoBepHO KOppenupyert ¢ BozpactoM (1=0,26, p<0,05), mynscoBeiM A/l (1=0,22, p<0,05), CKOPOCTBIO pacipoCTpaHEHUs
mynbcoBoi BomHbI B aopte (aoCIIB) (r=0,16, p<0,05), Alx (r=0,16, p=0,002). Beraenena B3aumocsssb PPA ¢ A/l (r=0,27, p<0,05 nnst CAL ¢
PPA). I'no6ansras npononsHas nedopmarms (GLS) y 6onpHBIX apTepranbsHOl runepTeH3neil Oblia 3Ha9MTEIHO HIKE TI0 CPABHEHHIO C KOH-
TPOJILHOH TPyNIOi. DTO CHIDKEHUE 0TMEeYaioch B 00eux rpynmax crapie 55 net. GLS xoppemmposana ¢ aoCIIB (1=0,26, p<0,05). LupkynspHas
U pasuanbHas aeopmanun B 6a3anbHbIX M alnKaJIbHbIX cermeHTax JIXK He mokasany CyleCTBeHHBIX pa3Inyuii B TPYINax, pacipeieaéHHbIX
10 BO3PACTY.
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BeiBoabl. Hacrosmiee uccieoBaHue JEMOHCTPUPYET AOINOIHUTEIBHOE BIUSHUE CTAPEHUs HA Pa3BUTHE KAK KapIUaJIbHOIO, TaK U BaCKYJLIp-
HOTO PEMOJICTUPOBAHHS, TPHBOIIETO K HAPYIICHHUIO MPOIOIBHOI Ie(opMaiil MUOKapa U OBBIIEHHOH KECTKOCTH apTepuil. Ha ocHOBaHMM
BBISIBIICHHBIX KOPPEJSALHMHA CKOPOCTh PACIPOCTPAHEHUs ITyIbCOBOM BOJHBI U I100abHAs POOIbHAS JIeopMalysi MOTYT pacCMaTpHBaThCS
TaK’Ke B Ka4eCTBE MapKepa COCYIUCTOro crapeHus y Myx4uH ¢ I'b u y nomyssiuuu B esioM.

Knrouesvle cnosa: cunepmonuyeckan 601e31b, HeECMKOCmMy apmepuil.
3anoposcckuit meouyunckui yxcypran. — 2016. — Ne6 (99). — C. 21-24

In view of continuing aging of the population as a whole
and an increasing rate of cardiovascular morbidity the issue
of aging influences on the structural and functional properties
of arterial wall and myocardial deformation remains relevant.
Recent studies pay substantial attention to the measurement of
global myocardial strain as a sensitive and strong marker of
subclinical myocardial dysfunction [4].

Myocardial strain is a principle for quantification of left
ventricular (LV) function which is now available to assess with
speckle-tracking echocardiography (STE) [3]. The assessment
of functional parameters of LV by STE has represented a sig-
nificant advance as a method of non-invasive evaluation of LV
morphology and function. Left ventricular hypertrophy (LVH)
is a common consequence of hypertension. It is considered as
an independent risk factor for cardiovascular morbidity and
mortality. Hypertension induces both cardiac and vascular re-
modeling. Progressive cardiac remodeling supposed to integrate
an increased size of the cardiomyocytes and development of
fibrosis in the extracellular matrix [2]. LV deformation assessed
by longitudinal, radial and circumferential strain is expected to
be linked with the myofiber architecture.

Vascular remodeling is more accelerated to the natural aging
processes compared to the heart. It is influenced by systemic
hypertension as well. Coupled ventricular-arterial stiffening can
be shown as the contributor of systolic and diastolic reserve
limitation, blood pressure variability, coronary and peripheral
blood flow regulation [1].

The pathophysiological ways of chronic ventricular-arterial
stiffness affect on the myocardial functioning are still unclear.

Objective

The aim of this study was to evaluate the impact of aging on
myocardial deformation and arterial stiffness in hypertensive
men using aortic pulse wave velocity (aoPWV) and speckle
tracking echocardiography.

Materials and Methods

A total of 32 nonobese (BMI=24.2 [23.0; 26.8] kg/m?*) men
with arterial hypertension stage II aged from 45 to 72 years
were included into this study. Written informed consent was ob-
tained from all participants. Patients with prior history of major
cardiovascular (CV) events, chronic kidney disease, diabetes
mellitus, significant valvular abnormalities, atrial fibrillation or
flutter, congenital heart disease or inadequate echocardiographic
acoustic windows were excluded from this study. Patients with
any evidence of secondary hypertension were also not included.
Demographic data, including an assessment of risk factor status
and history of CV disease were recorded. Twelve individuals of
male sex without prior history of any CV diseases were recruited
into the control group. Exclusion criteria for these participants
were the same as for the patients from the hypertension sample.
The main features of the study population are demonstrated at
the Table 1.

Aortic stiffness was evaluated with the use of BPLab Va-
sotens System (cuft-based oscillometry method). Pulse wave
analysis was performed with the non-invasive measurement
of aortic pulse wave velocity (aoPWV), augmentation index
(AIx) adjusted to the 75 beats per minute of heart rate, arterial
stiffness index (ASI), pulse pressure amplification (PPA) and
subendocardial viability ratio (SEVR).

Table 1

Main characteristics of the study population

Parameters Hypertensive male patients (n=27) Control group (n=12)
Age, years 56 [49.0; 61.5] 54 [47.2; 60.6]
Hypertension experience, years 8[4.4;13.2] -
Smoking habits (%) 36 32

24 h SBP, mm Hg

132.7 [122.4; 151.6] *

121.4 [118.6; 136.6]

24 h DBP, mm Hg

84.5 [80.0; 92.7]

80.5 [76.2; 84.5]

24 h PP, mm Hg

61.4 [58.6; 67.2]

41.7 [40.4; 47.1]

Aortic pulse wave velocity (aoPWV), m/s

10.4 [9.8; 11.2]*

9.4 [8.7; 10.6]

Arterial stiffness index (ASI), mm Hg

181.54 [162.7; 195.8]*

173.15[158.7; 186.6]

Pulse pressure amplification (PPA), %

129.82 [121.3; 156.4]

141.7 [121.5; 166.2]

Subendocardial viability ratio (SEVR), %

77.6 [70.2; 86.5]*

92.2 [76.3; 98.1]

Interventricular septum thickness (IVST), m

m 119 [117.0; 119.0]*

110.5[110.0; 117.0]

LV mass index (LVMI), g/m?

146.4 [138.6; 147.6]"

122.8 [121.8; 124.5]

LV ejection fraction (LVEF), %

59.2 [52.8; 63.2]

63.2 [55.1; 63.0]

Global longitudinal strain (GLS), %

-18.29 [-20.0; -17.14]"

-21.01 [-21.7; -18.2]

Circumferential strain (CS), %

-22.0 [-27.2; -21.0]

252 [-28.1; -21.8]

Radial strain (RS), %

24.1[22.6; 24.8]

24.6 [22.8; 25.6]

Note: * — p<0.05 compared to the control group.
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Transthoracic echocardiography was performed using My
Lab 50 echocardiographic equipment (Esaote, Italy). All partic-
ipants were examined using standard methods. Interventricular
septum thickness (IVST), posterior wall thickness (PWT), LV
mass index (LVMI) and LV ejection fraction (LVEF) were
measured. LVH was detected by LV mass above the reference
values for LVM 88-224 g in male individuals. Measurements
of segmental evaluation of longitudinal, circumferencial and
radial strain were obtained from basal, apical parasternal short
axis and apical four-chamber, three-chamber and two-chamber
views.

The patients with hypertension and healthy individuals from
the control group were divided into 2 groups by mediana of age
(less than 55 years; more than 55 years). The main and control
groups were comparable by age.

Statistical analysis was performed using Statistica 6.0 soft-
ware. Variables were tested for normality by the Kolmogo-
rov-Smirnov and Lilliefors tests. Differences between groups
were analyzed using chi-square test for categorical data,
Student’s test for continuous normally distributed data and
Wilcoxon test for continuous non-normally distributed data.
Correlations were assessed for normal and non-normal vari-
ables using Pearson’s and Spearman’s coefficients respectively.
Univariate and multivariate analyses were used to evaluate the
relationship between age and such variables as arterial stiffness,
general conventional echocardiographic and speckle tracking
parameters. p-value of <0.05 to 95 % confidence interval was
taken as the criterion for statistical significance. The results are
expressed as Me [Q1; Q2].

Results
Table 2 shows the data obtained by using two-dimensional
echocardiography and arterial stiffness evaluation of all groups.

Regarding risk factors of the study population, there were no
significant differences between the studied groups. The main
groups and control sample were comparable by age.

The differences in SBP, DBP and PP with age became the
levels in appliance with population data. After the age of 55 SBP
increases, whereas DBP remains relatively stable.

ASI was significantly correlated with age (1=0.26, p< 0.05),
PP (r=0.22, p<0.05), aoPWV (1=0.16, p<0.05), cAlx (r=0.16,
p=0.002), but correlation with LVMI becomes non-significant
(r=0.03, p=0.49).

PPA appeared in relation to BP: than higher the BP, than lower
the PPA is (r=0.27, p<0.05 for SBP and PPA). PPA was widely
variable within and between study subjects. It supposed to be
influenced by a range of factors, such as heart rate and natural
aging processes occurring in the arterial wall.

GLS becomes significantly reduced in hypertensive patients
compared to the control group. It was markedly diminished
in both groups over 55 years. GLS correlated with aoPWV
(r=0.26, p<0.05). Circumferential and radial strain at the basal
and the apical LV segments did not show significant difference
in groups divided by age.

The multiple regression analysis with the use of age as an
independent variable and aoPWV and LGS, CS, RS as depen-
dent variables has shown the relationships between experienced
age and enhanced arterial stiffness as well as parameters of
myocardial deformation in both study groups divided by age.
The relationships between age and aoPWV and LGS were re-
presentative whereas the link between age, aoPWV, CS and RS
was not significant.

Discussion
The study showed that PWV correlated with markers of re-
gional myocardial function, including global longitudinal strain.

Table 2
Parameters of study groups obtained by using two-dimensional echocardiography and arterial stiffness evaluation
Parameter Hypertensive male patients Hypertensive male patients Participants from control Participants from control
under 55 years (n=12) over 55 years (n=15) group under 55 years (n=6) group over 55 years (n=6)
10.0 10.7 9.1 9.6
aoPWV, m/s [9.2; 11.0]* [9.9; 11.8] [8.4; 10.2]" [8.8; 10.4]
ASI mm H 178.6 184.4 170.1 176.2
' 9 [160.7; 188.9]* [166.8; 198.1] [158.7: 186.7] [159.9; 189.3]
PPA % 138.2 1214 148.4 135.0
» 7 [122.2; 162.0] [119.2; 146.1] [129.4; 169.1]** [129.6; 164.4]
o 80.4 * 74.7 95.7 ** 88.7
SEVR, % [71.4; 89.4] [70.0.2; 85.1] [79.4; 97.3] [78.3; 90.8]
118 120 110 111
IVST, mm [116.0; 121.0]* [117.0; 121.0] [110.0; 117.0] [110.0; 116.0]
LVMI. a/m? 144 .4 148.4 121.1 124.6
9 [136.2; 148.4]* [140.6; 149.5] [121.8; 124.5] [122.6; 126.5]
o 59.4 58.9 63.4 63.1
LVEF, % [53.0; 64.4] [52.1: 63.2] [55.2; 63.6] [54.0; 63.7]
GLS. % -18.72 -17.24 -21.92 ** -20.11
7 [-21.1; -17.25]* [-20.0; -17.14] [-22.9; -17.9] [-21.7; -18.2]
cS. % -22.2 -21.8 -25.2 -25.1
' 7 [-27.1; 21.1] [-27.0; -20.7] [-28.0; -22.2] [-28.1; -21.8]
RS. % 24.0 24.2 24.6 24.5
1 70 [22.2; 24.6] [22.6; 25.0] [22.4; 25.2] [22.9; 25.8]

Note: * —p<0.05 compared to the more aged sample of the hypertension group; ** — p<0.05 compared to the more aged sample of the control

group.
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Our findings are in agreement with these previous findings. The
differences of LVEF between study groups were non-significant.
On the other hand, GLS demonstrated gradual decline among all
hypertensive patients (up to—17 %). This progressive decreasing
was more expressed with age.

Limitations of the study. Measures of aortic stiffness para-
meters were non-invasively and automatically calculated from
peripheral pressure waveforms. The sample population size is
not enough to generalize the findings.

Conclusions

The present study demonstrates the additional impact of aging
on both the cardiac and vascular remodeling development, lead-
ing to myocardial longitudinal strain disorders and an enhanced
arterial stiffness. At the basis of revealed correlations aoPWV
and global longitudinal strain may be considered also as the
marker of vascular aging in hypertensive men and in general
population.

Conflicts of interest: authors have no conflict of interest to
declare.
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