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Abstract

Objective. The purpose of the study was the comparative analysis of the vasoprotective effects of'a
fixed combination of perindopril and indapamide (Noliprel A-Bi-Forte, Servier) and the combination of
enalapril and hydrochlorothiazide (Co-Renitec, MSD) on various sites of the arterial bed in hypertensive
patients. Design and methods. Depending on the mode of antihypertensive therapy (AHT) the patients
were randomized into 2 groups: patients of the 1% group (41 persons) received a fixed combination of
perindopril A (10.0 mg) and indapamide (2.5 mg), and those from the 2™ group (34 persons) received
a fixed combination of enalapril maleate (20.0) mg and hydrochlorothiazide (12.5 mg). The aorta and
major arteries were assessed with the use of the device VaSera-1000 («Fukuda Denshi», Japan), and
the following parameters were evaluated: velocity of propagation of pulse wave in the aorta, cardio-
ankle vascular index and biological age of the arteries. The peripheral arteries were estimated using
the device Pulse Trace PCA, and stiffness index, reflection index and vascular age were measured. All
assessments were performed at baseline and at 1-, 3-and 6-months and at 1-year follow-up. Results.
Both combinations resulted in a significant decrease of vascular wall stiffness of the aorta and major
arteries, but in the 1% group of patients the changes were observed earlier (after 3 to 6 months), and were
more expressed. At the same time vasoprotective effects in peripheral arteries were observed only in
1** group of patients who received perindopril and indapamide. Conclusions. Leading to a significant
reduction of the vascular wall rigidity both in aorta, major and peripheral arteries, a combination of
perindopril and indapamide provides the most effective vasoprotection.

Key words: arterial hypertension, arterial stiffness, vasoprotective effects of drugs

For citation: Drobotya NV, Guseinova ESh, Malakhov MV, Pirozhenko AA. Comparative effects of antihypertensive
therapy modes on the wall rigidity of various blood vessels. Arterial’naya Gipertenziya = Arterial Hypertension.
2016,22(2):217-226. doi: 10.18705/1607-419X-2016-22-2-217-226.

-V. Drobotya et al. 217



Original article

CpaBHuTteabHbIe 3P PeKThI

PEKMMOB AHTUTUIIEPTEH3UBHON Tepanun
HA MOKA3aTeJH )KECTKOCTH CTeHKH
Pa3IHYHBIX APTePUATBLHBIX COCYI0B

H.B. Ipo6oTts, J.1II. I'yceiinora, KonrakrHasi unpopmaums:

JHpo6otsa Haranbs BukroposHa,
M. B. Manaxos, A. A. IInposenko TBOY BIIO «PoctIMY» Munspasa

Poccun, HaxuueBauckwuii miep., 1. 29,
TocyzmapcTBeHHOe 610/:KeTHOEe 00pa3oBaTebHOe yUpeKAeHe Pocros-na-Jlony, Poccus, 344022.
Ten.: +7(863)263—65-69.
BBICIITETO ITPOoGheCCUOHAIBHOT0 00Pa30BaAHUA en.; +7(863)
. . . E-mail: drobotya_nv(@rostgmu.ru
«PocToBCKUiI rocyfapCTBEHHBIM MEIUIIUHCKUHN YHUBEPCUTET »
MunucrepctBa 3apaBsooxpanenusa Poccuiickoilt @enepanuu,
PocroB-na-llony, Poccusa

Cmambs nocmynuna 6 pedaxyuio
04.02.16 u npunama k newamu 26.04.16.

Pesrome

Heab ucceq0BaHMs COCTOSIIA B CPABHUTEIBHOM aHAJIN3€ Ba30IIPOTEKTUBHBIX A3PPEKTOB (PUKCUPO-
BaHHOI koMOMHaIMu nepuHonpuia A u nananamuaa («Homunpen A bu-dopre», «CepBbey) u couetanus
sHajanpuia u ruapoxioprrazuaa («Ko-Penurex», MSD) Ha moka3aresnu >keCTKOCTH COCYAMCTON CTEHKH
Pa3IMYHBIX YYAaCTKOB apTepHaIbHOTO pyciia y O0JIbHBIX apTepuaibHoi runeprensueii (Al'). Martepuasbl
U MeTofbl. B 3aBrcuMocTH 0T pexnMa anturunepren3uBHoi Tepanun (AI'T) 6onbHble Al BKIIIOUEHHBIE
B HCCIIE/IOBaHKE, ObUIM PaHAOMU3UPOBAHBI Ha 2 Ipymnbl: 6onbHbIe 1-if rpynmsl (41 yenoBek) momyya-
1 (GUKCHpPOBaHHYIO KomMOuHarmio nepungonpuia A (10,0 mr) u uananamuna (2,5 mr), a 2-ii rpymmnbl
(34 yenoBeka) — QUKCHPOBAHHYIO KOMOHMHAIMIO SHananpuia Maieara (20,0) Mr u rupoxIopTUazuia
(12,5 mr). XKecTKOCTb CTEHKH aOpPThl M MarMCTPaIbHBIX apTepuil n3ydanu Ha npudope «VaSera-1000»
(«Fukuda Denshi», SImonwust) mo mokasartensiMm CKOPOCTH PACIPOCTPaHEHHS MyJIbCOBOM BOJHEI B a0pTe,
CepIeUHO-JIOIBIKEYHOTO COCYMCTOTO MHJIEKCa M OMOJIOTMUECKOTO BO3pacTa apTepHid. JKecTKOCTb CTeHKH
nepudepryecKux apTepuil OlleHUBaIH, ucnob3ys npudop «Pulse Trace PCA». OH nmo3Bosit paccuu-
TBIBaTh MHJIEKC )KECTKOCTH, MHIEKC OTPAXKEHUS U COCYTUCTBIN Bo3pacT. OnpeeneHue noxkasaresuen mpo-
n3BOIMIIM UcXoaHO U B nuHamuke Al'T (uepes 1, 3, 6 mecsiuieB u 1 ron Habmonenus). Pesyabrarsl. O6e
KOMOMHAILMK IPUBOAMIN K 3HAUMMOMY CHIKEHHUIO TIOKa3aTelieil )KeCTKOCTH COCYAUCTON CTEHKU aopThl
U MarucTpajbHbIX apTepuid, oAHaKo B 1-if rpymnme OOJbHBIX 3Ta JUHAMMKaA OblL1a Oosee paHHEH (uepes
3—6 mecsiLeB Tepanum) U BeIpakeHHOM. YTo ke KacaeTcst Ba30NPOTEKTUBHBIX 3P dekToB Ha nepudepu-
YeCKHEe apTepuH, TO OHU UMEIH MECTO TOJbKO B 1-if rpymmne OOJbHBIX MPU NMPUMEHEHUH KOMOUHAILIIH
nepuHaonpuia A u uaaanamuzaa. Beioapl. CtarucTHyecky 3HaUMMOE CHIKEHHUE ITOKa3aTesiel )KeCTKOCTH
COCYIUCTON CTEHKH PA3IMYHBIX OTAEIOB COCYAUCTOTO pyCila — aopThl, KPYIHBIX U MepupepruuecKux
apTepuii — Ha (poHe Tepanuy NepUHIONPUIIOM A U MHAATAMUIO0M MO3BOJISIIOT PEKOMEH10BATh UCTIONb-
30BaHUE JAHHON KOMOMHAIUY [T 00€CTIeYeHNs] MAKCUMaJIbHOTO Ba30IIPOTEKTUBHOTO 3((eKTa.

KiroueBble c10Ba: aprepuanbHas THIEPTEH3Ms], KECTKOCTh COCYAUCTON CTEHKH, Ba30IIPOTEKTHUB-
HbIe 3G (EKTHI MpenapaToB
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Introduction

Arterial hypertension (HTN) is still one of
the leading causes of morbidity and mortality in
developed countries [1]. Currently, its world
prevalence is estimated as 40.8 % [2].

Disability and mortality of the working
population remain high due to a high risk of HTN-
related cardiovascular events (CVE), first of all
stroke and myocardial infarction [3]. The protection
of'target organs (heart, kidneys, blood vessels, and
brain) is believed to be one of the major tasks of
antihypertensive therapy (HTNT), as their lesion
significantly worsens prognosis.

That is why the European (2007) and Russian
(2008) guidelines [4, 5] for HTN diagnosis and
treatment vascular wall was announced for the first
time as one of the target organs. The guidelines state
that vascular function should be assessed in clinical
practice, and the increased carotid-femoral pulse
wave velocity (PWV) should be included in the list
of the most important criteria of subclinical target
organ damage in HTN patients. This parameter was
also included in the new revision of the European
guidelines adopted in 2013 but its threshold was
reduced from 12 to 10 m/s [6].

The link between the increased PWYV reflecting
the rigidity of the vascular wall, and mortality was
demonstrated as early as in the REASON classic
study [7]. In recent years, new data have emerged,
indicating the importance of vasoprotection, as
regression of the vascular remodeling related to the
effective HTNT contributes to the increase of life
expectancy and reduction of CVE risk which are
the main objectives of HTN treatment [8—11].

Obviously, the increased stiffness of the aorta
and main arteries increases left ventricle (LV)
afterload, contributing to the development of LV
hypertrophy and diastolic dysfunction. Our previous
studies established a quantitative relationship
between the degree of vascular stiffness increase
and the severity of LV diastolic dysfunction by the
correlative regression analysis [12].

Based on the results, a mathematical model
was developed and tested in the clinic of the
Rostov Medical University, which allowed to
predict the improvement of LV relaxation by the
dynamics of PWYV related to the HTNT with a
distinct vasoprotective effect.

Although the interest to the vascular wall in
HTN patients has recently increased, the structural

and functional heterogeneity of the bloodstream is
usually not comprehensively assessed [13].
Resistance vessels are known to significantly
contribute to the high blood pressure (BP) and
further progression of HTN. These vessels
are represented by small arteries, arterioles,
and venules of muscular type. They determine
total peripheral vascular resistance, and its increase
contributes to the development and worsening of
HTN and LV hypertrophy.

Obviously, the maximal vasoprotective effect
of HTNT can be achieved when various parts of
the vascular system are controlled.

Objective of our study was a comparative
analysis of vasoprotective effects of the fixed
combination of perindopril A and indapamide
(Noliprel A Bi-forte, Servier) and the combination
of enalapril and hydrochlorothiazide (Co-renitec,
MSD) on various parts of the arterial bed in HTN
patients.

Design and methods

The study included 75 patients with a stage II
HTN, HTN 2 degree, high cardiovascular risk.

The inclusion criteria were the following:
age 4065 years old; initially increased vascular
stiffness (PWV); low efficiency of the previous
HTNT; absence of symptomatic HTN; absence of
associated clinical conditions.

Depending on the HTNT mode, the patients
were randomized into 2 groups by the envelope
method. Group 1 (41 people) included HTN
patients treated with the fixed combination of
perindopril A (10.0 mg) and indapamide (2.5 mg),
and group 2 (34 people) included patients treated
with the fixed combination of enalapril maleate
(20.0 mg) and hydrochlorothiazide (12.5 mg). The
drugs were taken once in the morning.

BP measurement was performed twice on the
dominant arm at 2-minute intervals after 5-minute
rest in a sitting position (OMRON M3 Expert
automatic electronic tonometer, Japan).

The mean BP before the treatment in group 1
were the following: systolic BP (SBP) —
163.5 + 5.8 mmHg, diastolic BP (DBP) —
95.1 + 4.4 mmHg; in group 2 — 165.3 = 3.7 and
92.9 +5.5 mmHg, respectively. Taking into account
persistently high BP values, prior HTNT was
considered ineffective.
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The cardiovascular system was evaluated by a
set of functional standard methods.

The main arteries were assessed using VaSera-
1000 sphygmomanometer and sphygmog-raph
(Fukuda Denshi, Japan). The study was conducted
as follows: after entering the patient information,
4 occlusive cuffs were put on the shoulders and
right and left legs, amorphous sensors were put
on the projection points of the carotid and femoral
arteries, and ECG electrodes and a microphone of
phonocardiogram (PCG) were applied to receive
the PCG signal (II intercostal space to the left of
the sternum edge). After checking the pulse wave
sensitivity, the arteries were compressed to register
the indicators in the automatic mode.

We assessed the following indicators: aortal
pulse wave velocity (PWVa), cardio-ankle vascular
index (CAVI), and biological age of main arteries
(VA main). CAVI, a new widely used indicator is
an analogue of PWV. It allows to assess the main
arteries stiffness independent of BP level and the
reflected wave in the vessel between the valve and
the leg [14].

Peripheral arteries of resistive type were
evaluated using Pulse Trace PCA which is
based on the method of pulse wave contour
analysis. A photoplethysmographic sensor placed

Original article

on the distal phalanx of the thumb allows to
calculate such indicators as stiffness index (SI),
reflection index (RI), and vascular age (VA per.).

The mentioned indicators of vascular stiffness
in various parts of the vascular system were
assessed at baseline and at follow-up (after 1, 3,
6 months and 1 year).

All patients provided written informed consent
to participate in the study.

The study was approved by an independent
local ethics committee.

The results were processed with the use of
Statistica 8.0. The differences between the indi-
cators were considered significant at p-level <0.05.
Mean values are presented as M + SD.

Results and discussion

General characteristics of HTN patients in
groups 1 and 2 are shown in Table 1.

The target BP level in the vast majority of
HTN patients in both groups was achieved by the
3 month of HTNT. The number of patients who
achieved the target BP level was 84 % and 72 % in
group 1 and 2, respectively.

Vascular stiffness index in various parts of the
arterial bed in group 1 and 2 at baseline and follow-
up are presented in Tables 2 and 3, respectively.

Table 1
CHARACTERISTICS OF HYPERTENSIVE PATIENTS IN GROUPS 1 AND 2
Croup 1 Group 2

Parameter (n = 41) (n = 34)
Gender, Male/Female 21/20 18/16
Age, years 57.0+6.3 55.8+4.6
Duration of HTN, years 4.8+1.08 55+2.1
Family history of HTN, % 52.2 46.5
SBP 163.5+5.8 165.3+3.7
DBP 95.1+4.4 929+55
Risk factors:
—1-2RF 7 5
—->3RF 34 29
Diabetes mellitus - -
Symptomatic CVD, CKD stage > 4 or diabetes B B
mellitus with TOD/RFs

Note: HTN — arterial hypertension; SBP — systolic blood pressure; DBP — diastolic blood pressure; CKD — chronic

kidney disease; CVD — cardiovascular disease; TOD — target organ damage; RF — risk factor.
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Table 2
VASCULAR STIFFNESS INDEX IN VARIOUS REGIONS
OF THE ARTERIAL BED (M £ m) IN GROUP 1 (n =41) AT BASELINE AND AT FOLLOW-UP

Parameter Baseline After 1 Alfter 3 After 6 months After 12

month months months
PWYV a, m/s 11.0+1.37 106 1.5 9.7+1.21 8.8 +1.39* 8.4 +1.57*
CAVI 9.7+0.62 9.1+1.11 8.5+0.52* 83+£091* 8.0+ 0.67*
VA main, years 70.2+2.18 68.9 +3.59 64.4 +3.19%* 60.2 +4.51* 58.9+5.21%
SI, m/s 109+ 1.09 92+1.68 8.4 +1.53* 8.9+0.81* 7.9 +1.46*
RI, % 65.9+14.48 66.3+12.91 64.6 +12.85 66.3+£13.91 64.9+11.07
VA per., years 69.7 +£1.45 66.6 +3.08 65.7+2.77 65.4+241%* 59.8+5.11%

Note: PWV a — pulse wave velocity in aorta; CAVI — cardio-ankle vascular index; VA main — biological age of
main arteries; SI — stiffness index; RI — reflection index; VA per. — peripheral vascular age; * — significant differences

compared to baseline values p < 0.05

VASCULAR STIFFNESS INDEX IN THE VASCULAR WALLS OF VARIOUS REGIONS fuble
OF THE ARTERIAL BED (M £ m) IN GROUP 2 (n =34) AT BASELINE AND AT FOLLOW-UP
Parameter Baseline After 1 After 3 After 6 months After 12
month months months
PWV a. m/s 10.5+1.62 10.3+3.52 9.7+2.69 9.7+2.19 8.6 +£1.08%*
CAVI 9.2+1.03 9.1+1 8.7+£0.84 8.2+0098 7.9 +£0.69*
VA main, years 69.7+2.52 69.0 £4.51 67.6 +3.33 66.2 +3.96 63.9£2.22%
SI, m/s 10.2 £2.02 9.8+£242 9.5+1.93 9.5+1.76 9.4+244
RI, % 66.6 = 10.94 66.0+9.51 65.4+ 891 67.2+10.02 66.4 +12.49
VA per., years 67.6 £2.24 67.3+3.54 66.3 £3.55 65.9+292 65.7+2.11

Note: PWV a — pulse wave velocity in aorta; CAVI — cardio-ankle vascular index; VA main —biological age of
main arteries; SI — stiffness index; RI — reflection index; VA per. — peripheral vascular age; * — significant differences

compared to baseline values p < 0.05.

The changes in the stiffness indicators of
the main vessels in groups during follow-up are
shown in Figures 1-3.

The following features of vasoprotective effects
of different HTNT modes were found.

Both groups demonstrated positive changes in
the main stiffness indicators of aorta (PWVa)
and main arteries (CAVI, VA main). However,
significant reduction in the vascular stiffness
and the vascular age was registered relatively
earlier in the group treated with perindopril A
and indapamide. Regression of the remodeling
of the aorta and main arteries manifested in the

reduction of PWVa by 20% from baseline after
6 months. CAVI decreased by 12 % after 3 months
of HTNT (p < 0.05).

The biological age of main vessels also reduced
significantly by 8% (p < 0.05) after 3 months of
therapy, and reached the patient passport age by
the 6th month. The positive effect of the fixed
combination of perindopril A and indapamide grew
during follow-up, and the growth was confirmed in
1 year.

A comparative analysis of the changes in
the main stiffness indicators of the peripheral
arteries in HTN patients receiving HTNT (Fig. 4-6)
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Figure 1. The changes of pulse wave velocity in aorta during follow-up

1 month 3 months 6 months 12 months

M Group 1
M Group 2

0 i T
-
-10
-15
-20

Note: the change of each parameter is expressed as percentages (A %) in relation to the baseline value of the parameter
in each group, taken as 100 %; * — significant differences between the groups p < 0.05.

Figure 2. The changes of cardio-ankle vascular index during follow-up

1 month 3 months 6 months 12 months
0 1
_5 ——
-10 —— M Groupl
1 Group 2
-15
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Note: the change of each parameter is expressed as percentage (A %) in relation to the baseline value of the parameter
in each group, taken as 100 %; * — significant differences between the groups p < 0.05.

confirmed different beneficial effects of perindopril
A and indapamide.

Thus, there was a reduction of SI (reflecting the
stiftness of the peripheral arteries) by 23 % after
3 months of HTNT (p <0.05), and by the end of the
year, the vasoprotective effect of this combination
reached the maximum level (SI decreased by 28 %
from baseline).

Obviously, the visco-elastic state of the vascular
wall and the structural and functional characteristics
of the endothelium are closely linked to the

222

biological vascular age [15]. So reduction of the
biological age of the peripheral arteries found in
group 1 seems consequent upon the improvement of
the vascular wall, e. g. VA per. decreased by 6% after
6 months and by 14 % after 1 year (p < 0.05) when it
became comparable with the patients’ passport age.

At the same time no significant dynamics of
the vascular indicators of the peripheral arteries
was found regarding SI or VA per. in patients of
the group 2 who received combination of enalapril
and hydrochlorothiazide.
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Figure 3. The changes in vascular age of the main arteries during follow-up
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Note: the change of each parameter is expressed as percentage (A %) in relation to the baseline value of the parameter
in each group, taken as 100 %; * — significant differences between the groups p < 0.05.

Figure 4. The change of stiffness index during follow-up
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Note: the change of each parameter is expressed as percentage (A %) in relation to the baseline value of the parameter
in each group, taken as 100 %; * — significant differences between the groups p < 0.05.

As for RI (reflection index), at baseline it was
within reference range in both groups, and its value
remained unchanged at follow-up.

Our results demonstrate vasoprotective effects
of both fixed HTNT combinations, namely
their impact on the vascular walls of the aorta and
main arteries. Importantly, vasoprotective effect of
the fixed perindopril A and indapamide combination
became evident earlier and was more pronounced,
indicating benefits of this combination in reducing
the HTN-related cardiovascular risk.

22(

At the same time, experimental and clinical
studies showed that underestimation of the role
of peripheral arterial remodeling and its adverse
effects can significantly reduce the HTNT efficiency
[16]. Only one (perindopril A and indapamide) of
the two antihypertensive combinations used in
our study wa beneficial regarding the properties
of peripheral arteries.

Its benefits can be attributed to the structural and
functional properties of the peripheral vasculature.
The walls of small arteries, arterioles and venules
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Figure 5. The changes of reflection index during follow-up
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Note: the change of each parameter is expressed as percentages (A %) in relation to the baseline value of the parameter
in each group, taken as 100 %; * — significant differences between the groups p < 0.05.

Figure 6. The changes of peripheral vascular age during follow-up

0 ]

1 month 3 months 6 months 12 months

M Group 1

O Group 2

Note: the change of each parameter is expressed as percentage (A %) in relation to the baseline value of the parameter
in each group, taken as 100 %; * — significant differences between the groups p < 0.05.

contain a significant number of smooth muscle
cells [17], which are subject to the impact
of humoral vasodilator and vasoconstrictor
factors produced by the endothelium. Currently,
endothelial dysfunction is considered one of
the key mechanisms for HTN development and
aggravation. It is accompanied by the increased
production of vasoconstrictor factors (endothelins)
causing the increased tone of smooth muscle cells
which is an additional factor leading to vascular
remodeling.

Therefore, the favourable peripheral vasop-
rotective effects in group 1 can be explained by a
proven influence of perindopril A and indapamide
on the endothelial function recovery in HTN
patients [18, 19].

Conclusions

The used HTNT modes provide improvement
of the properties of the vascular walls of the
aorta and main arteries, however, the fixed
combination of perindopril A and indapamide



demonstrates a relatively earlier and more signi-
ficant vasoprotective effect.

Peripheral vasoprotective effects were observed
only in HTN patients treated with the fixed
combination of perindopril A and indapamide
(group 1).

The fixed combination of perindopril A and in-
dapamide vs. the fixed combination of enalapril and
hydrochlorothiazide has vasoprotective benefits
on the arterial wall stiffness of various regions of
the vascular bed.
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