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ANGIOPROTECTIVE EFFECTS OF ANTIHYPERTENSIVE
THERAPY IN PATIENTS WITH ISCHEMIC HEART
DISEASE AND CHRONIC KIDNEY DISEASE

STAGES 2—-3 AFTER CORONARY STENTING

To study the condition of coronary vasculature by data of coronarography (CG) in patients with
chronic ischemic heart disease (IHD) and arterial hypertension (AH) associated with stage 2-4
chronic kidney disease (CKD) and to evaluate the effect of a 12-week complex treatment with
perindopril or with a combination of perindopril/amlodipine on changes in vascular wall stiffness,
endothelial function, and structure and function parameters in this patient category after coronary

This study included 87 patients with chronic IHD and AH associated with stage 2-3 CKD for whom
CG was performed due to ineffectiveness of the antianginal therapy. The patients were divided
into three subgroups: subgroup 1 included 28 patients who received a conservative treatment with
perindopril 10 mg/day; subgroup 2 consisted of 25 patients who underwent coronary stenting and
were prescribed perindopril; subgroup 3 consisted of 34 patients who underwent stenting and were
prescribed the perindopril/amlodipine combination. The reference group included 47 patients
with THD and AH with preserved kidney function. Anatomic and functional parameters of the
heart, arterial stiffness, pulse wave velocity, cardio-ankle vascular index, augmentation index, central
aortic systolic and pulse pressure, endothelium-dependent vasodilation, plasma concentration
of endothelin-1 (ET-1), and plasma concentration of nitric oxide metabolites were evaluated

In patients with IHD, AH, and stage 2-3 CKD, arterial stiffness was more pronounced than in patients
with preserved kidney function. Concentrations of ET-1 were significantly higher and levels of
nitric oxide were lower in CKD. Supplementing the complex therapy with perindopril resulted in a
considerable hypotensive effect in all subgroups, improvement of the kidney function, and positive
dynamics of arterial stiffness and endothelial function. Changes in these parameters were more
pronounced in patients after coronary stenting than in patients receiving only a conservative treatment.
The use of perindopril/amlodipine following stenting exerted the most significant angioprotective

Patients with IHD and AH in combination with early CKD have pronounced impairment of the
condition of arterial blood vessels and the heart. Addition of perindopril to the treatment not only
exerted a hypotensive effect but also beneficially influenced mechanisms of progression of this
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Introduction

Today, cardiovascular diseases remain the leading
cause of mortality [1]. Coronary artery disease
(CAD) with concomitant arterial hypertension (AH)
and chronic kidney disease (CKD) are increasingly
understood as contributing to the structure of cardio-
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vascular mortality. It has been previously shown
that even initial renal dysfunction is associated with
cardiovascular mortality: the relative risk of death
increases with a decrease in glomerular filtration rate
(GFR) by every S mL/min/1.73 m? moreover, the
association persists after adjustments for significant
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risk factors (RF) [2]. Conversely, AH is known to
accelerate atherosclerotic processes and cause kidney
damage. Thus, progressing CAD and CKD mutually
aggravate each other [3, 4]. The presence of CKD
worsens the outcomes of surgical treatment of CAD [5].

Objective

Study the state of the coronary system using
coronary angiography (CAG) in patients having chro-
nic CAD and AH with concomitant CKD stage II-1II;
assess the effects of a 12-week combination therapy with
perindopril and a fixed combination of perindopril and
amlodipine on changes in vascular stiffness, endothelial
function, as well as structural and functional parameters
of the heart in patients of this category following
coronary stenting.

Material and methods

The open, comparative, prospective and non-
randomized study was conducted in the regional vascu-
lar center of the Kursk regional teaching hospital. The
study was approved by the local ethics committee and
carried out following the Declaration of Helsinki. All
patients signed the informed consent to participate in
the study.

Inclusion criteria: age from 50 to 75 years, presence
of confirmed CAD: positive treadmill stress test
and/or a documented history of myocardial infarction
(MI), CAG data, uncontrolled AH, CKD stages I1-1I1.

Exclusion criteria: obesity, diabetes mellitus, acute
and chronic inflammatory kidney diseases; acute
forms of CAD; severe concomitant pathology affecting
the functions of the cardiovascular system and kidneys;
inflammatory processes and mental disorders that can
affect treatment adherence; therapy with angiotensin-
converting enzyme (ACE) inhibitors or angiotensin II
blockers within the past 3 months.

The study included 87 patients with chronic
CAD and AH in combination with CKD stages II-
I (Group 1, treatment group) and 47 patients with
CAD and AH having preserved renal function (Group
2, control group). Patients of both groups had stable
exertional angina of functional classes II-III. Target
blood pressure (BP) levels were not achieved during
previous treatment.

All patients received standard therapy (beta-
blockers, statins, antiplatelet drugs). All patients
underwent CAG due to elective surgical treatment for
ineffective antianginal therapy.

Patients with chronic CAD and AH in combination
with CKD stages II-III were divided after CAG into
three subgroups: Subgroup 1: 28 patients who received
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conservative combination therapy with perindopril 10
mg/day; percutaneous coronary intervention (PCI)
was not performed due to the lack of indications
or for technical reasons; Subgroup 2: 25 patients
who underwent coronary stenting and the same
therapy with perindopril; Subgroup 3: 34 patients
who underwent coronary stenting and received
background therapy including a fixed combination of
perindopril /amlodipine with dose titration.

Clinical and laboratory examinations as well as CAG
were performed prior to the beginning of treatment
and following 12 weeks of therapy.

Reduced GFR was diagnosed 1-S years prior to
index hospitalization and confirmed by calculation
using the MDRD formula at admission with a reduc-
tion of at least 45 mL /min/1.73 m2.

Regional arterial stiffness was assessed by volumet-
ric sphygmography using a VS-1500 device (Fukuda
Denshi, Japan). The following indicators of arterial
wall stiffness were studied over time: pulse wave
velocity (PWYV), cardio-ankle vascular index (CAVI),
aortic augmentation index (Alx), central systolic blood
pressure (cSBP), and central pulse pressure (cPP).

Left ventricular (LV) diastolic function and pulmo-
nary artery systolic pressure (PASP) was determined
by echocardiography following the international
guideline [6] using an Aloka SSD 1700 scanner.

The degree of endothelial dysfunction was estima-
ted by flow-mediated dilation with post-occlusive
reactive hyperemia (Celermajer, 1992) usinga LOGIQ
500 MD scanner.

Stable nitric oxide metabolites were determined
by spectrophotometry with the Griess reagent kit.
The levels of endothelin-1 (ET-1) were determined
by enzyme immunoassay using the Endothelin 1-21
reagent kit.

The data obtained were analyzed with the
Statistica 10.0 software suite. The mean values and
standard deviations (M+SD) were determined and
the parametric Student’s t-test was calculated. We
used the nonparametric Wilcoxon rank test for
dependent samples and the Mann-Whitney test
for the independent samples. Pearson linear paired
correlation and Spearman rank correlation coefficients
were calculated. The differences were statistically
significant at p<0.05.

Results

Clinical And laboratory characteristics of patients,
CAG data are presented in Table 1. There were no
statistically significant differences between patients with
CKD and control patients without renal dysfunction
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in total cholesterol, low-density lipoprotein cholesterol,
the

anomalies in patients with renal dysfunction was more

triglycerides. However, atherogenicity of lipid
pronounced due to the concentration of Apo-B lipoproteins
being statistically significantly higher (144+£10.2 mg/dL),
which caused differences in the apoB/apoAl ratio: 1.36%
and 49.1%, respectively.

According to CAG, more pronounced athero-
sclerosis was observed in the control group (Table 1) in
patients with CAD, AH, and preserved renal function.
Accordingly, 18.4% of patients with CAD and CKD
stages II-III and 6.4% of CAD patients without
renal pathology had no hemodynamically significant
coronary stenosis; single-vessel coronary disease was
detected in 44.8% of patients with CAD and CKD and
21.3% of the control patients.

Coronary stenosis was more frequently detected
in the proximal one-third of a vessel in the renal
dysfunction group (42%) than in the control group
(36%).

Thus, non-obstructive CAD was more common in
the group of patients with early and moderate renal
dysfunction with similar clinical severity of stable
angina pectoris.

Table 1. Comparative characteristics of patient groups

The study of arterial stiffness produced the
following results (Table 2). PWV was increased in
only 12.5% of the subjects in the control group but
in 85% of the treatment group; PWV > 12 m/s was
observed in 37% of subjects, which is considered
as an independent RF for cardiovascular events in
patients with AH. The baseline values of Alx, SLSI,
cSBP, and cPP were statistically significantly higher
in the treatment group. Thus, patients with CAD and
AH with concomitant CKD stages II-III had higher
baseline indicators of vascular wall stiffness, suggesting
a significant contribution of arterial stiffness to the
development of cardiovascular events in patients with
renal dysfunction.

Increased PWYV is known to be associated with the
likelihood of CKD progression. There was a strong
negative correlation between GFR and PWYV in the
group of patients with CAD, AH, and CKD (r= -0.75;
p=0.001); in the control group, it wasr = -0.43 (p<0.05).
Negative correlations were found between GFR and
cSBP (r = —0.58; p<0.01) and SADI (r = —0.39; p<0.05)
in CKD. SADI was increased in all patients with CAD
and CKD, but only in 40% of subjects in the control
group. At the same time, a close relationship between

Table 2. Indicators of arterial stiffness, endothelial dysfunction,

Group 1 Group 2 diastolic function, and PASP in the study groups
Parameter
(n=87) (n=47) Group 1 Group 2
Age, years 68+5.7 68+8.5 Parameter (n=87) (n=47)
1 0
;’Iale Pat“;“ts' n (ﬁ) 1 57(65.5) 37(78.7) PWV, m/s 1221£021*  8.67+0.30
istory of myocardia
infarction, n (%) 48(55.2) 24 (s1.1) Alx,n 1.39+0.14* 1.130.16
Duration of AH. years 15.3+4.4 11.3+2.7 c¢SBP, mm Hg 156+9.1* 134£11.6
Smoking, n (%) 37 (42.5) 19 (40.4) PP, mm Hg 59+7.4* 39+6.4
Body mass index, kg/m? 24.5+2.4 22.8+1.8 R-CAVI 10.1240.71* 8.64+0.32
Creatinine, ymol/L 148+11* 73+14 L-CAVL AT 8731023
GFR, mL/min/1.73m? 51+1.4* 96+5.8 . U e
SBP, mm Hg —_— 16118 R-ABI 1.18£0.12  1.16£0.17
DBP, mm Hg 108+12* 9318 L-ABI 1.18+0.10 1.15+0.12
Total cholesterol, mmol/L 6.210.8 5.910.5 Endothelin-1, fmol/mL 2.00+0.08* 1.03+0.06
Triglycerides, mmol/L 1.940.2 2.140.3 Nitric oxide, ymol/L 4814022°  6.08+0.12
LDL-C, mmol/L 4.3+0.4 3.9+0.5
: : LVEDD, cm 4.6+0.30* 424025
Apo-A lipoproteins, mg/dL 106+10.1 107£11.2
Apo-B lipoproteins, mg/dL 144+10.2* 120+9.8 LVESD, cm SHERUA 3.4+0.29
CAG data, n (%) LVEF, % 62.2+3.71 63.414.84
. . 5 "
gli}ilg::n};zﬁloecz:;{;i;lsly 16 (18.4) * 3(6.4) E/A, units 2.2%+0.03 1.5+0.02
& PASP, mm Hg 42.3+1.3* 30.2+1.4
Single-vessel coronary disease 39 (44.8)* 10(21.3) * _ p<0.05. PASP - pulmonary artery systolic pressure;
Two-vessel coronary disease 12 (13.8)* 14 (29.8) PWV- pulse wave velocity; Alx - augmentation index;
- cSBP - central systolic blood pressure; cPP — central pulse pressure;
Three-vessel coronary disease 20(23.0) * 20 (42.6)

AH - arterial hypertension; GFR - glomerular filtration rate;
SBP - systolic blood pressure; DBP - diastolic blood pressure;
LDL-C - low-density lipoprotein cholesterol;

CAG - coronary angiography; * — p<0.01.
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CAVI - cardio-ankle vascular index; ABI - ankle-brachial index;
LVEDD - left ventricular end-diastolic dimension;

LVESD - left ventricular end-systolic dimension;

LVEF- left ventricular ejection fraction; E/A — ratio of peak early
diastolic filling velocity (E) and late diastolic filling velocity (A).

ISSN 0022-9040. Kardiologiia. 2021;61(8). DOI: 10.18087/cardio.2021.8.n1525



§ ORIGINAL ARTICLES

Table 3. Changes in vascular stiffness, endothelial dysfunction, diastolic function, arterial and pulmonary
hypertension in patients with chronic CAD and AH with concomitant CKD stage II-III after 12-week therapy

Subgroup 1, Subgroup 2, Subgroup 3,
background therapy + background therapy + perindopril + background therapy + perindopril/
Parameter perindopril (n=28) coronary stenting (n = 25) amlodipine + coronary stenting (n = 34)

Baseline  In 12 weeks Baseline In 12 weeks Baseline In 12 weeks
Creatinine, ymol/L 138.2+10.3 118.0£10.1* 139.0+8.2 102.1+10.4* 158.0+8.2 98.0£2.5*
SBP, mm Hg 163£11.0 134+£8.0* 173+8.0 131£9.0* 185£10.2 120£4.0*
DBP, mm Hg 106+8.0 85+7.6* 103+8.0 88+8.0* 118+3.1 85+1.5*
Endothelin-1, fmol/mL 1.97+0.04 1.50+0.04* 1.93%£0.03 1.30£0.02*. ** 2.01+0.01 0.61£0.01%***
Nitric oxide, pmol/L 5.2£0.02 5.93+0.01* 5.01+0.02 6.71£0.03* 5.63+0.03 6.98+0.02****
PWV,m/s 9.97+£0.08  8.62+0.07* 11.6+0.07 8.10£0.02*. ** 12.4+0.03 8.22+0.07*
Alx 1.14+0.02 1.11£0.01 1.14£0.02 1.08+0.03* 1.16+0.02 1.06+0.02*
c¢SBP, mm Hg 152+12.4 138+6.2* 158+10.9 122£3.4* ** 156+10.2 110£3.4****
cPP, mm Hg 58+2.4 36+2.5* 60+£5.0 38+1.4* 58+2.8 33+1.2% %
LVEDD, cm 4.6£0.5 4.6£0.4 4.7£0.3 4.5%£0.3 4.8+0.4 4.3+0.3
LVESD, mm 3.7£0.2 3.6+0.3 3.7£0.2 3.5+0.2 3.7£0.2 3.9£0.2
E/A 1.9+0.03 1.8+0.03 1.9+0.03 1.7£0.02* 2.4£0.04 1.9£0.03* ***
PASP, mm Hg 38+2.2 37+2.4 41+3.4 32+2.4* 42.2+3.4 28242 4% %

The differences are statistically significant (p<0.01) when comparing the results * - before and after 12-week treatment;

** — between Subgroup 1 and Subgroup 2; *** — after 12-week therapy with perindopril in Subgroup 2 and a fixed combination

of perindopril and amlodipine in Subgroup 3. CAD - coronary artery disease; AH — arterial hypertension; CKD - chronic kidney disease;
SBP - systolic blood pressure; DBP — diastolic blood pressure; PWV — pulse wave velocity; Alx — augmentation index;

cSBP - central systolic blood pressure; cPP - central pulse pressure; LVEDD - left ventricular end-diastolic dimension;

LVESD - left ventricular end-systolic dimension; E/A - ratio of peak early diastolic filling velocity (E)

and late diastolic filling velocity (A); PASP - pulmonary artery systolic pressure.

SADI and coronary atherosclerosis was observed. When
calculating the Spearman coefficient, it was shown to
be characteristic only of patients in Group 2 (r=0.75;
p<0.001). The findings confirm that severity of coronary
atherosclerosis and the degree of clinical severity of
CAD is not always directly proportional in patients with
CAD, AH, and renal dysfunction.

When assessing the function of LV relaxation, we
established a rigid type of LV diastolic dysfunction
(LVDD) with an increased E/A ratio >2.0 in 42.5%
of patients having CAD and AH with concomitant
CKD but only in 20% of patients in the control group.
E/A >2.0 indicates high left atrial pressure. The left
atrial diameter was 4.8£0.4 cm with concomitant
renal dysfunction and 4.3+0.3 cm in the control group.
LVDD type 1 (E/A<0.8) was found in one-third of
patients with CAD and CKD.

ET-1 was increased in both groups (0.25+0.01
fmol/mL in healthy subjects). ET-1 was 51% higher
in CAD, AH, and CKD than in the control group.
Nitric oxide levels were lower in the treatment group
(4.81£0.22 pmol/L vs. 6.08+0.12 ymol/L; p<0.0S).
There was a positive correlation between nitric oxide
and GFR (r= 0.58; p<0.01) and a negative correlation
between ET-1 and GFR (r=-0.72; p<0.001).
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Insufficient dilation of the brachial artery was
observed in 80% of patients with a combination of
CAD, AH, and CKD stages II-III and 68% in the
control group, pathological vasoconstriction in 2.5%
and 1.2%, respectively; normal function was registered
in 17.5% and 30.8%, respectively (p <0.001).

Thus, patients with stable CAD and AH in CKD
stages II-III had high-degree AH, deeper endothelial
dysfunction, more pronounced arterial stiffness, and,
consequently, morphological and functional remo-
deling of the heart.

The effects of combination therapy, which included
perindopril A 10 mg/day or the fixed combination
of perindopril/amlodipine with dose titration up
to 10/10 mg/day, were studied in the second part of
the study in patients with CAD, AH, and early CKD
who underwent elective CAG followed by coronary
stenting or who received only conservative therapy.
A statistically significant decrease in systolic blood
pressure was recorded in patients of all subgroups
(Table 3).

The maximum hypotensive effect was observed in
Subgroup 3, with all patients achieving the target BP
levels. Creatinine levels decreased and renal function
improved in all study subgroups.
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During the 12-week treatment period, there were
positive changes in the parameters of vascular stiffness
along with a decrease in PWYV, Alx, cSBP, cPP in all
subgroups. Interestingly, patients who underwent
coronary stenting showed more pronounced positive
changes in the arterial stiffness indicators. For example,
cSBP decreased by 9.2% in Subgroup 1 with the
perindopril treatment and by 22.8% in Subgroup 2
(p<0.01). PWV decreased by 13.5% in Subgroup 1 and
by 30.2% in Subgroup 2 (p<0.01).

During therapy with perindopril/amlodipine, the
maximum decrease in aortic cSBP by 29.5% (p<0.01)
and PWV by 33.7% (p<0.01) was recorded. PASP
values were normalized in this subgroup. LV diastolic
function improved only in the subgroup of patients
receiving antihypertensive therapy with a fixed
combination of perindopril and amlo dipine.

After 12 weeks, all three subgroups showed positive
changes in endothelial function, such as a decrease in
the plasma levels of ET-1 (from 23.9% in Subgroup 1
to 69.7% in Subgroup 3 (p<0.01). The levels of nitric
oxide also improved (see Table 3).

Discussion

The accumulation of clinical and experimental
data on the role of vascular endothelial dysfunction
and the significance of arterial remodeling resulted in
the parameters characterizing these processes being
considered in some diseases as predictors of the risk
of unfavorable outcomes, on the one hand, and as
surrogate goals in the treatment of patients, on the
other. Increased vascular stiffness was shown to be
associated with a worse prognosis in patients with AH
and those experiencing impaired renal function [7].
There is no doubt that worsening renal function as
CKD progresses contributes to atherosclerosis, which
further aggravates renal damage as it becomes more
severe [8].

The attention of scientists is drawn to endothelial
dysfunction as an early and integral process within the
pathogenesis of atherosclerosis. AH is considered as a
factor provoking the onset of endothelial dysfunction.
AH and CKD were shown to mutually aggravate the
prognosis [9]. More severe endothelial dysfunction is
described in the combination of AH and CKD; here,
wall stiffness of large and medium arteries is more
pronounced [10]. We were also able to ascertain that
patients with chronic CAD with stable angina pectoris
with concomitant AH and early and moderate renal
dysfunction, ET-1, nitric oxide levels, had statistically
significantly more pronounced deviations as compared
to patients with similar cardiovascular pathology and
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preserved renal function. The functional significance
of these laboratory differences was confirmed by the
test with post-occlusive reactive hyperemia: normal
vasodilation was registered only in 17.5% of patients
with CKD and in 30.8% of patients with preserved
renal function.

Based on the results of many scientific researches,
it is thought that more severe endothelial dysfunction
and the degree of arterial remodeling are directly
correlated with the severity of the atherosclerotic
process. The design of our study, according to which
patients with stable CAD were selected for the first
time during ineffective antianginal therapy and with
indications for CAG, allowed the following findings
to be revealed. The results of CAG in the group of
patients with early and moderate renal dysfunction
showed that 18.7% did not have hemodynamically
44.5% had

vessel coronary disease, which, however, led to the

significant  stenosis, while single-
development of cardiovascular events, including
MI, in 50% of these patients. The presence of non-
obstructive CAD in CKD was reported by Keane et al.
[11]. Thus, there was a statistically significant higher
number of patients with non-obstructive CAD having
similar clinical severity of stable angina pectoris in
the group of patients with CKD stages II-III. In our
opinion, this can be explained by the significant role
of microvascular dysfunction as a manifestation of
endothelial impairment in the genesis of ischemia in
comorbid patients with CKD, which was studied by
Charytan et al. [12], and LV diastolic dysfunction as
a manifestation of morphofunctional remodeling of
the heart in response to high stiffness of large arteries,
which impairs coronary circulation.

As PCI has become an essential treatment for
patients with chronic CAD, the problem of stent
restenosis has arisen. Mazaev et al. [13] showed that
the presence of CKD is a risk factor for late stent
restenosis after elective PCI. Wu et al. [ 14] showed that
increased aortic pressure, especially cPP, is the main
predictor of all-cause death and repeated PCI (hazard
ratios 2.46 and 1.41, respectively) in a cohort of 1,184
patients with CAD and AH who underwent PCI. The
authors observed the highest cPP values in patients
with CKD. Some researchers showed that the process
of coronary angioplasty and stenting is accompanied
by elevated blood levels of inflammation biomarkers
and aggravated endothelial dysfunction due to artery
wall trauma [15]. Cassese et al. [16] demonstrated
in 10,004 patients that endothelial dysfunction and
the severity of inflammation following stenting are
independent RFs of restenosis.
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Thus, we were prompted to investigate whether the
positive effects of ACE inhibitors would be reproduced
in such a complex cohort of patients with correlated
conditions, such as CAD, AH, CKD, soon after elective
PCI with stenting.

Previous studies demonstrated the positive ef-
fects of ACE inhibitors on the development of
atherosclerosis and nephroprotective effects in
hypertension [17]. The ability of perindopril to
improve the prognosis in patients with stable CAD
was proven [18]. Bertrand et al. [19] showed that
this drug is also effective in reducing cardiovascular
mortality and the incidence of nonfatal myocardial
infarction in patients with a history of MI and/or
coronary revascularization, and that the protective
effect persists in early renal dysfunction (mean GFR
76.2+18.1 mL/min/1.73 m?) [20].

Panina et al. [21] described the practice of using
endothelial
dysfunctionin patients at different stages of CKD. They
identified a direct correlation between reduced GFR
and indicators of vasodilating activity of the vascular

antihypertensive therapy to correct

wall. In our study, the 12-week combination therapy,
including perindopril and especially perindopril
in combination with amlodipine, in patients with
CKD stage II-III (GFR 2 45 mL/min/1.73 m?) and
AH, CAD, improved endothelial function, which
was shown by significantly decreased levels of the
vasoconstrictor ET-1 and increased levels of the
vasodilator nitric oxide. Svarovskaya et al. [22] found
that ET-1 > 0.852 fmol/L was a predictor of poor
prognosis following stenting. Decreased levels of ET- 1
are associated with less pronounced severity of non-
infectious vascular inflammation, which, according
to some authors, plays an important role in the
pathogenesis of AH and atherosclerosis and may thus
help reduce the risk of adverse outcomes following
coronary stenting [23, 24].

Following the results of the ASCOT-CAFE trial
(2006), aortic blood pressure can be considered as
a target for antihypertensive therapy due to a more
significant correlation with the outcomes of AH
than with brachial BP. Several authors showed that
antihypertensive drugs produce different effects on
aortic pressure and the augmentation index [25].
Pradhan et al. [26] observed in patients with AH that
perindopril, especially in combination with a calcium
channel blocker, reduces central blood pressure and
PWV within 6 weeks more effectively than other
ACE inhibitors (p<0.05). According to our data, the
most pronounced antihypertensive effect on central
pressure was achieved in patients with AH, CAD,

20

and CKD in the subgroup of patients who received
a fixed combination of perindopril and amlodipine.
Considering the evidence, it seems especially signifi-
cant that cPP is one of the main predictors of all-cause
death and repeated PCI in patients with a history of
elective PCI.

On the basis of the obtained materials, we show
that 12-week therapy with perindopril and especially
perindopril in combination with amlodipine can
statistically significantly reduce vascular stiffness
and improve endothelial function in patients with
chronic CAD, AH and CKD, including those who
underwent elective PCI with stenting. The practical
relevance of this information is also determined by
the fact that more than 40% of patients undergoing
PCI have CKD [27], which offers the prospect for
improving treatment outcomes in this category of
patients.

Limitations

When interpreting the study results, it is necessary
to consider the small number of patients in the
treatment subgroups (from 25 to 34) and the short-
term follow-up (12 weeks). These factors can affect
the statistical significance of the study, and, hence, the
accuracy of the results obtained.

Conclusion

Patients with coronary artery disease and arterial
hypertension with concomitant early chronic kidney
disease have more severe anatomical and functional
impairments of arteries and heart than patients with
chronickidney disease and arterial hypertension where
renal function is preserved.

The

enzyme inhibitor perindopril in the combination

inclusion of the angiotensin-converting
therapy of patients with coronary artery disease
and arterial hypertension with concomitant chronic
kidney disease stages II-III had a good hypotensive
effect and decreased the levels of creatinine. The
use of perindopril for 12 weeks, especially the fixed
combination of perindopril and amlodipine, in patients
with coronary artery disease, arterial hypertension, and
chronic stage II-III kidney disease decreases vascular
stiffness and the severity of endothelial dysfunction,
as well as improving the diastolic function of the
heart, especially in patients who underwent coronary
stenting.
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