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POSITIVE EFFECTS OF PERINDOPRIL ON MICROVASCULAR
VESSELS IN PATIENTS WITH CHRONIC HEART FAILURE

To evaluate the effectof 12-month perindopril treatmenton structureand function of microvasculature
(MYV) in patients with chronic heart failure with preserved (HFpEF) and intermediate (HFiEF) left

30 patients with HFpEF and HFiEF were evaluated. Perindopril at a maximum tolerated dose was
administered to all patients for 12 months. Changes in MV structure and function were assessed
with photoplethysmography and capillaroscopy prior to the treatment onset and at 12 months, i.e.,

The 12-month perindopril treatment was associated with improvement of the endothelial function
evident as increases in the occlusion index (OI) and the phase shift (PS). OI increased from 1.4
[1.3; 1.6] to 1.8 [1.6; 2.2] (p=0.00004). PS increased from 7.1 ms [4.8; 10.2] to 9.2 ms [6.7; 13.2]
(p=0.0003). Stiffness of muscular large blood vessels was decreased. Arterial stiffness index (aSI)
decreased from 8.8 [6.6; 11.0] to 7.45 [6.5; 9.4] m/s (p=0.01). The perindopril treatment was
associated with increased density of the capillary network at rest (p=0.008) and in tests with venous

The study showed an improvement of endothelial function associated with the 12-month perindopril
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ore than 26 million people worldwide suffer
Mchronic heart failure (CHF) [1]. This number
is growing continuously each year. By approximately
2030, the prevalence of CHF is expected to increase by
46% [2].In Russia, the prevalence of CHF is 7-10% [3].
More than 50% of all patients have CHF with preserved
(HFpEF) and mid-range ejection fraction (HFmrEF),
as shown by echocardiogram [4, 5].

Endothelial dysfunction is one of the mechanisms
for the development of HFpEF. The endothelium
is known to be involved in regulating vessel tone,
leukocyte adhesion, and the processes of hemostasis
and angiogenesis. The present understanding is that
endothelial dysfunction is an imbalance between
the synthesis of vasodilators and vasoconstrictors,
angioprotective and prothrombotic factors, and anti-
proliferative and proliferative factors [6]. Concomitant
diseases, such as anemia, chronic obstructive pulmo-
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nary disease, obesity, diabetes mellitus, contribute
to the development of a pro-inflammatory state, the
increased synthesis of reactive oxygen species, and
oxidative stress, which alters vasomotor function,
causing a decreased expression of eNOS and, thus,
the reduced levels of nitric oxide (NO). The low
bioavailability of NO contributes to reduced guanylate
cyclase activity, a decrease in cyclic guanosine mono-
phosphate (cGMP) levels, and abnormal titin phos-
phorylation.

These result in elevated collagen synthesis and
diastolic resting membrane potential of cardiomyocyte.
This increases myocardial stiffness and aggravates
diastolic dysfunction [7, 8]. Vascular wall stiffness
increases together with the vasomotor dysfunction.
Increased stiffness is likely to be a presentation of ar-
tery remodeling accompanied by hypertrophy of the
vascular walls [9].
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Thus, endothelial dysfunction contributes to the
accelerated development of myocardial fibrosis and
remodeling. The pathogenesis of HFmrEF is less
understood. However, it was reported that these
patients have the features of both HFmrEF and
HFpEF [10].

Given the essential role of the endothelium in the
development of CHF, scientists satisfy their attention
by studying and developing methods to assess endo-
thelial function in this group of patients. Out of
methods
techniques are preferred because they are easy to use

all available non-invasive examination
and complication-free. Flow-mediated vasodilation
(FMVD) is the gold standard of the evaluation of
endothelial function. However, there is a more ac-
cessible option, computed photoplethysmography with
evidence-based efficacy of assessing endothelial func-
tion in patients with cardiovascular diseases [11]. This
method allows structural changes to be evaluated, as
well as the endothelial function of microcirculatory
and large vessels. The results do not depend on the
experience and qualification of a person performing an
examination and have a prognostic value comparable to
FMVD [12-15].

Clinical and experimental data on the association of
endothelial dysfunction with the progression of heart
failure [16, 17] has been accumulated. Thus, a hypo-
thesis has been proposed that restored endothelial
function may improve the prognosis in patients with
HFpEF and HFmrEF [18].

Drug therapy in CHF is based on neurohumoral
blockade using angiotensin-converting enzyme (ACE)
inhibitors. Perindopril offers the most significant
evidential basis for improving endothelial function
among the ACE inhibitors. Its beneficial effects on the
endothelium were shown in patients with hypertension
and coronary artery disease (CAD). However, the ef-
fect on endothelial function in patients with HFpEF
and HFmrEF has not yet been studied [19-21].

This study aims to evaluate the effect of 12-month
therapy with perindopril on the endothelial function
using photoplethysmography and capillaroscopy in
patients with HFpEF and HFmrEF.

Material and methods

A total of 30 patients with CHF (17 male and
13 female) with preserved (n=12) and mid-range
(n=18) EF of NYHA functional class (FC) II-III
were examined. The mean age of patients was 66 years
(47— 88 years). The general characteristics of patients
are provided in Table 1 and the distribution of diseases
in Figure 1.
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All patients had hypertension, and CAD was
confirmed in 90%. A history of myocardial infarction
was reported in 4 patients with HFpEF and 12 patients
with HFmrEF. Type 2 diabetes mellitus was identified
in 6 patients with HFpEF and 12 patients with HFmrEF.
HFmrEF was predominantly NYHA FC III CHF
(n=14). An equal number of patients with HFmrEF had
NYHA FC II and III with good tolerance of physical
exercise (n=6 in each subgroup).

All patients had been using beta-blockers and
mineralocorticoid receptor antagonists for a long time.
80% of patients received ACE inhibitors, excluding
perindopril (Figure 2).

All patients signed informed consent. The study
was approved by the Local Ethics Committee and was
conducted following the principles of the Helsinki
Declaration. The patients underwent a standard
cardiological examination consisting of physical exa-
mination, a 6-minute walking test, electrocardio-
gram Holter monitoring, 24-hour blood pressure (BP)
monitoring, echocardiogram, standard laboratory
tests. HFmrEF and HFmrEF were diagnosed based
on the clinical picture, levels of N-terminal pro-
brain natriuretic peptide (more than 125 pg/mL)
and echocardiogram (EF 40-49% in patients with
HFmrEF and 50% or more in patients with HFpEF,

Table 1. General characteristics of the subjects

Parameter Patients with CHF (n=30)
Male 17 (56.66%)
Female 13 (48.33%)
Age, years 66 [61;69]
BMI, kg/m? 32.25[29.07; 37.18]
Glucose, mmol/L 5.95[S;7.4]

Total cholesterol, mmol/L
LDL-C, mmol/L

SBP, mm Hg

DBP, mm Hg

Creatinine, mg/dL
NT-proBNP, pg/mL
GFR, mL/min/1.73m?

4.33[3.75; 5.61]
2.7 [2.15; 3.73]
160 [155; 172]

96 [90; 100]

0.97[0.81; 1.18]

305 [250; 361]
89.15[70.8; 107.2]

LVEF, % 47 [45; 53]
LVMI, g/m> 113 [101; 130]
LA volume index, mL/m? 36.61 [34.4;41.14]
NYHA FC II CHF 10 (33.33%)
NYHA FC III CHF 20 (66.66% )

CHEF, chronic heart failure; BMI, body mass index;

LDL-C, low-density lipoproteins; SBP, systolic blood pressure;
DBP, diastolic blood pressure; NT-proBNP, N-terminal
natriuretic peptide; GFR, glomerular filtration rate; LVEF, left
ventricular ejection fraction; LVM]I, left ventricular mass index;
LA, left atrium; FC, functional class.
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Figure 1. Distribution of diseases
in the included patients with CHF (%)
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left atrial volume index more than 34 mL/m?). The

exclusion criteria were unstable angina, FC IV CHEF,

valvular heart disease, cancer, chronic viral and
bacterial infections, chronic kidney disease stage
V, mental illnesses, pregnancy, and lactation. All
patients included underwent photoplethysmography
and capillaroscopy, in order to assess the structural
and functional state of the microcirculatory vessels
and large arteries. Photoplethysmography included
such measurements as phase shift (PS) and occlusion
index (OI) characterizing the endothelial function of
large muscle-type and microcirculatory vessels. PS
less than 10 ms and OI more than 1.8 are indicative
of the preserved endothelial function. Moreover, the

stiffness index (aSI) was determined, characterizing

structural changes in the vascular wall of large vessels.

Normal stiffness is less than 8 m/s. The reflection index
(RI) was calculated, in order to assess the structure

Figure 2. Renin-angiotensin-aldosterone system inhibitor
therapy in the included patients with chronic heart failure
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-

No ACE inhibitor/ARB therapy

ISSN 0022-9040. Kardiologiia. 2020;60(8). DOI: 10.18087/cardio.2020.8.n1216

of microcirculatory vessels. RI is used to evaluate the
remodeling of arterioles. Its normal value is less than
30%. The dysfunction and structure of the capillaries
were assessed by computed videocapillaroscopy using a
Capillaroscan-1 device. Capillary density at rest (CDr),
capillary density after venous occlusion test (CDvo),
and capillary density during reactive hyperemia (CDrh)
were determined. Patients who had been treated with
other ACE inhibitors or sartans were transferred to
perindopril after a 48-hour washout period. In the case
of those patients who had not taken ACE inhibitors
or sartans, perindopril was administered for the first
time with titration to the maximum tolerated dose.
After 12 months of perindopril therapy, the structural
and functional state of the microcirculatory and large
vessels was assessed again.

The data was processed using the Statistica software.
Quantitative data is expressed as the median and the
interquartile range. Categorical data is presented in
terms of absolute values (quantity) and percentage. The
significance of differences in the quantitative values
was evaluated using the Wilcoxon test for two related
samples. Differences were significant at p<0.0S.

Results

The 12-month therapy with perindopril led to
positive changes, such as the improved endothelial
function of microcirculatory and large muscle-type
vessels (Table 2). Photoplethysmography showed sta-
tistically significant increases in OI and PS in patients
with HFpEF and HFmrEF. OI increased from 1.4S
[1.3; 1.6] to 1.8 [1.6; 2.2], and PS increased from 7.1
[4.8; 10.2] to 9.2 [6.7; 13.2] ms. The structural state of
the large vessels also improved. The stiffness index (aSI)
was elevated to 8.8 [6.6; 11.0] m/s before therapy. After
12 months of perindopril use, vessel stiffness decreased,
and aSI was 7.45 [6.5; 9.4] m/s. The tone of arterioles
increased during perindopril therapy, as evidenced by a
statistically significant increase in RI (normal values are
less than 30%).

Capillaroscopy showed an increased number of
capillaries during perindopril therapy at rest, during
reactive hyperemia, and after venous occlusion tests
(Table 3). CDr before the start of perindopril therapy
was 53.66 [39; 67.33] capillaries/mm?, increasing
to 54.5 [44; 70] capillaries/mm?12 months later.
Moreover, there was a statistically significant increase
in CDrh from 60.83 [44.66; 73.33] to 64 [56; 78]
capillaries/mm? and CDvo from 63.5 [49.33; 83.33] to
68.5 [51; 87] capillaries/m2. Thus, the improvement in
both structural and functional states of capillaries was
shown.
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Table 2. Changes in the structural and functional state of the vascular
wall during perindopril therapy in patients with HFpEF and HFmrEF

Parameter Before therapy (n=30) After 12 months of therapy (n=30) p
OI (normal < 1.8) 1.45[1.3; 1.6] 1.8[1.6;2.2] 0.00004
PS, ms (normal > 10 ms) 7.1[4.8;10.2] 9.2[6.7;13.2] 0.0003
aSI, m/s (normal <8 m/s) 8.8 [6.6;11.0] 7.45[6.5;9.4] 0.01

RI, % (normal <30%) 47.05 [28.2; 58.6] 55.05[29.2; 61.8]

HFpEF, heart failure with preserved ejection fraction; HFmrEF, heart failure with mid-range ejection fraction;
O], occlusion index; PS, phase shift; SI, stiffness index; RI, reflection index.

0.00002

Table 3. Changes in the structural and functional state of the finger skin capillaries in patients with HFpEF and HFmrEF

Parameter Before therapy (n=30) After 12 months of therapy (n=30) p
CDir, capillaries/mm? 53.66 [39; 67.33] 54.5 [44;70] 0.008
CDvo, capillaries/mm? 63.5[49.33; 83.33] 68.5[51;87] 0.003
CDrh, capillaries/mm? 60.83 [44.66; 73.33] 64 [56; 78] 0.0003

HFpEF, heart failure with preserved ejection fraction; HFmrEF, heart failure with mid-range ejection fraction;
Cdr, capillary density at rest; CDrh, capillary density during reactive hyperemia; CDvo, capillary density after venous occlusion test.

Discussion

Perindopril has a proven effect on endothelial
function. It is an ACE inhibitor and implements its
effect by suppressing the renin-angiotensin-aldoste-
rone system (RAAS). RAAS is actively involved in
the development of systemic inflammation. There
is information in the literature that RAAS induces
increased synthesis of reactive oxygen species
and adhesion molecules through the vessel wall
inflammation processes, disturbing the endothelial
function [22]. On the contrary, RAAS inhibition is
expected to improve endothelial function, including
in patients with HFpEF and HFmrEF, since their
pathogenesis is based on endothelial dysfunction
caused by systemic inflaimmation. In patients with
diabetes mellitus and normal blood pressure Marketou
et al. [23] demonstrated decreased cytokine levels and
oxidative stress during perindopril therapy. The authors
assumed that the effect of perindopril was associated
with a decreased activity of systemic inflammation.
Other trials also confirmed this assumption. Tousoulis
et al. [24] demonstrated a reduction in C-reactive
protein and fibrinogen levels and an improved
vasodilation response of the forearm arteries during
reactive hyperemia after 4-week perindopril therapy.
Given the role of inflammation in the pathogenesis
of HFpEF and HFmrEF and our findings, we expect
perindopril also to reduce inflammation processes in
the vascular wall and contribute to the improvement
of endothelial function in patients with HFpEF and
HFmrEF.

Ghiadoni et al. [19] conducted one of the first trials

to study the effects of drug therapy on endothelium
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function and showed statistically significant impro-

vement in endothelium function according to
FMVD during perindopril therapy in patients with
hypertension. In 2007, the PERTINENT trial also
demonstrated the beneficial effect of perindopril on
endothelial function in patients with CAD. The trial
included 87 patients. Endothelial function was assessed
by means of laboratory testing (blood levels of von
Willebrand factor, endothelial NO-synthase [eNOS],
angiotensin II, tumor necrosis factor-a [TNF-a])
and apoptosis assay by flow cytometry. Of these 87
patients, 43 received perindopril, and 44 received a
placebo. During the 12 month course of perindopril
therapy, a statistically significant decrease was observed
in the levels of the von Willebrand factor, angiotensin
II, TNF-a and the number of apoptosis cells, and the
activity and expression of eNOS increased [20]. In
2007, double-blind, randomized, placebo-controlled
trial PERFECT was also conducted to assess the
effect of perindopril on endothelial function. The
trial included 333 patients with CHF. All patients
underwent ultrasound evaluation of endothelial
function by perindopril-dependant brachial dilatation,
repeated in 6 months of follow-up. 167 and 166 patients
were randomized to the perindopril and placebo
groups, respectively. The trial showed a significant
improvement of endothelial function in 6 months [21].
The Department of Hospital Therapy No. 1 of Sechenov
University of the Ministry of Healthcare of Russia
also actively studied endothelial function changes
during mono- and combination therapy. One of the
trials demonstrated improved endothelial function

according to a computed photoplethysmography and

ISSN 0022-9040. Kardiologiia. 2020;60(8). DOI: 10.18087/cardio.2020.8.n1216



§ ORIGINAL ARTICLES

video capillaroscopy during the 12-month therapy
with perindopril and amlodipine in patients with
hypertension [25].

Given the contribution of endothelial dysfunction
to the development and progression of HFpEF and
HFmrEF, the evaluation of the perindopril effect on
endothelial function in those groups of patients seems
interesting.

This study has demonstrated improvement in
microcirculatory endothelial function after 12 months
of perindopril therapy. Patients had a better functional
state of the endothelium (OI and PS) according to
photoplethysmography and of the capillaries, as
evidenced by improved CDhr in videocapillaroscopy.

Despite the small number of patients, the findings of
this pilot study appear promising and pathogenetically
substantiated in patients with HFpEF and HFmrEF.

Conclusion

The evidence of our findings show the beneficial effect
of 12-month therapy with perindopril on the endothelial
function of microcirculatory vessels and the structural and
functional state of large muscle-type vessels in patients
with HFpEF and HFmrEF. The results in the subgroups
of patients with heart failure with preserved and mid-
range left ventricular ejection fraction were unidirectional,
which allowed their combination. However, larger
placebo-controlled clinical trials are required to assess
the effects of perindopril on the endothelial function
and correlate the improved endothelial function with the
prognosis for the patients with HFpEF and HFmrEF.

No conflict of interest is reported.
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