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Effects of the angiotensin receptor blocker Valsartan
(Valsacor®) on arterial pressure, indices of myocardial
diastolic function and global longitudinal strain in
patients with uncontrolled arterial hypertension

K. Vitlyanova, St. Naidenov, N. Runev, E. Manov, R. Shabani, Y. Rangelov, K. Koshtikova, T. Donova
Clinic of Cardiology, Clinic of Propedeutics of Internal Diseases “Prof. Dr. S. Kirkovich”, Department of Cardiology, Medical University Sofia

Summary: The objective of this study was to evaluate the effects of Valsartan (Valsacor®) on arterial pressure (AP) and indices of myocar-
dial diastolic and global function in patients with uncontrolled arterial hypertension (AH). Material and methods: 60 patients (39 men
and 21 women, mean age 63.9 + 10.8 years, P > 140/90 mmHg with a background of combined antihypertensive therapy) were involved
in the study. Valsartan (Valsacor®) was added to the standard therapy. The follow-up continued for three months, with clinical visits at
initiation and completion of the study. The echocardiographic (EchoCG) evaluation included measurements of left ventricular and left
atrial dimensions and function via longitudinal strain and Doppler-analysis of the transmitral blood flow. Results: The administration of
Valsartan (Valsacor®) resulted in a significant improvement in the antihypertensive control in the studied patients. The mean values of
the baseline systolic blood (SBP) and diastolic blood (DBP) pressure in the studied group of patients were 174.9 + 17.9 (range 150-230)
mmHg and 97.5 + 6.4 (range 85-110) mmHg, respectively. The mean SBP and DBP values at the end of the third month of the follow-up
period were 139.1 + 10.9 (range 120-180) mmHg and 84.9 + 6.2 mmHg, respectively, at p < 0.05, compared to the baseline. The results
of the echocardiographic analysis revealed significant differences in the dynamic performance of the indices: telesystolic dimension of the
left ventricle, deceleration time (DT), E‘, E/E‘ ratio and values of longitudinal strain. The observed dynamic performance reflects favour-
able responses of the indices for diastolic function and longitudinal strain in the studied patients. Conclusion: Valsartan (Valsacor®), used
as an adjunct to the standard antihypertensive therapy in patients with insufficiently controlled AH, leads to optimisation of the AP values

and improvement of the indices of diastolic and global myocardial function, with a very good safety profile.
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Introduction

Arterial hypertension (AH) is a leading
cause of death and one of the most se-
rious problems in the field of public
health worldwide [1]. The incidence of
the disease is high and increases shar-
ply with age. There is an unfavourable
upward trend in the incidence of arte-
rial hypertension: the number of peo-
ple affected by the disease in 2025 is
expected to reach 1.5 billion people,
accounting for one third of the world
population. [2-4].

Patients with AH are subjected to con-
trol through a wide range of examinati-
ons involving non-invasive assessment
of myocardial function for specifying the
degree of morphological changes, fur-
ther therapeutic behaviour, short-term
and long-term clinical prognosis [5].
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Tissue Doppler-echocardiography is
a modern echocardiographic (EchoCG)
method for assessing myocardial func-
tion. The method is suitable for evaluat-
ing the diastolic function in patients with
uncontrolled arterial hypertension. This
technique allows both visual and quan-
titative interpretation of the regional ti-
ssue velocity, the strain, as well as the
displacement and acceleration of the
whole cardiac cycle in one image. The
term “echocardiographic strain” is used
to describe the regional deformations
occurring in the myocardium during the
cardiac cycle (myocardial lengthening,
shortening, thickening) [7,10]. The high
temporal and velocity resolution of this
methodology allows assessment of the
rapid movements during the systolic and
diastolic isovolumic period. The analysis

of isovolumic velocity and acceleration
characteristics in assessing the global sy-
stolic and diastolic changes allows the
examination of elastic and contractile
properties of the myocardium. Tissue
motion imaging, developed from the in-
tegral of the tissue velocity curve in the
longitudinal axis, represents a temporal-
-spatial colour map of myocardial move-
ment throughout the cardiac cycle [6].

Despite the large choice of antihyper-
tensive medicines, a relatively small pro-
portion of the patients with hypertension
reaches the target levels of arterial pressure
(AP). Current guidelines define angioten-
sin receptor blockers (ARBs) as a suitable
alternative for the long-term treatment of
arterial hypertension (AH), used either as
monotherapy (first-choice agents) or as
a part of combined therapy. [7].
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Fig. 1. SBP and DBP values at the baseline and 3 months

after initiation of the treatment, p < 0.05

The objective of this study was to
evaluate the effects of Valsartan (Val-
sacor®) on arterial pressure (AP) and
myocardial diastolic function, asse-
ssed via TDI and longitudinal strain in
patients with uncontrolled arterial hy-
pertension (AH).

Material and methods

A total of 60 consecutive patients
(39 female (65.0%) and 21 male
(35.0%) patients, mean age 63.9 *
10.8; range 33-85 years) with uncon-
trolled hypertension, defined as arte-
rial blood pressure > 140/90 mmHg
on antihypertensive treatment, were
enrolled in the study. The mean age
of the male and female patients was
57.9 + 9.8 (range 33-76 years) and

66.6 = 10.2 (range 34-85 years), re-
spectively.

All patients underwent a detailed cli-
nical examination and an interview,
according to the standard protocol, to
collect information on biological and
demographic data, including age, gen-
der, arterial pressure and symptoms
related to the registered uncontrolled
arterial hypertension. All information
on the medical history and medicati-
ons was documented. The major part
of the interview consisted of questions
on symptoms of heart failure, such as
tiredness, dyspnoea, heart rate con-
trol, oppression and headache. The
therapeutic regime for all patients was
Valsartan 160 mg/day, added to the
previously administered combined an-
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Fig. 3. AH-related complaints prior to initiation of the treatment with
Valsacor® and after completion of the follow-up period (p,__... remaies= N-S-)
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Fig. 2. Control on AH, achieved in male and
female patients, p =

N.S.

tihypertensive therapy with insufficient
antihypertensive effect.

Instrumental investigation
Transthoracic echocardiography was
performed, with the patient in the left
lateral decubitus position, by using
a 3.5 MHz transducer and Phillips
HD IE 33 equipment. A standard
M-mode was applied for obtaining left
ventricular end-diastolic (LVEDD) and
left ventricular end-systolic diameters
(LVESD) and atrial dimensions. Stan-
dard two-dimentional images were
examined offline. Left ventricular end-
-systolicvolumes (LVESV) and left vent-
ricular end-diastolic volumes (LVEDV),
as well as the LVEF (%) were quantified
by using manual planimetry of conven-
tional two- and four-chamber views
and Simpson’s technique. [13].

A pulsed wave Doppler (PWD) exa-
mination of the LV inflow was perfor-
med from the four-chamber view, with
the sample volume placed between
the mitral leaflet tips and the early (E)
and late (A) diastolic peak velocities;
the E deceleration time (DT) was mea-
sured and then the E/A ratio was de-
rived. The echocardiographic images
were recorded by using a commercial-
ly available system equipped with TDI,
and Speckle Tracking. The longitudinal
function was evaluated by using pulsed
TDI at the mitral annulus, placing the
sample volume in the basal segment of
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Fig. 4. Dynamic performance of the
index DT, p < 0.0001

the inter-ventricular septum (IVS) from
the apical four-chamber view: peak ve-
locities in the systole, early diastolic
motion (E’) and late (A - atrial con-
traction) diastole, both at the septal
and lateral mitral annulus, were me-
asured. Mean values of both septal
and lateral measures were finally cal-
culated and presented. LV longitudi-
nal function was evaluated from raw
data; systolic myocardial velocity (S)
was also quantified [8].

The same experienced echocardio-
grapher carried out all examinations of
each individual. EchoCG assessment
of the left ventricular function was per-
formed at baseline and three months.

Statistical analysis

The data were summarised by fre-
quencies and percentages for the ca-
tegorical variables and by mean and
standard deviations (SD) for the con-
tinuous variables. Comparisons were
made by using the independent t-test
and y2-test, where appropriate. The re-
sults were considered statistically signi-
ficant for p values < 0.05. The statisti-
cal analysis was performed by applying
the SPSS, version 13.0 (SPSS Inc, Chi-
cago, IL) programme.

Results

The administration of Valsartan (Val-
sacor®) resulted in significant improve-
ment of the antihypertensive control in
the studied patients. The mean values
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Fig. 5. Dynamic performance of the
index E’, p < 0.0001

of the baseline systolic arterial (SBP)
and diastolic arterial (DBP) pressure
in the studied group of patients were
174.9 + 17.9 (range 150-230) mmHg
and 97.5 # 6.4 (range 85-110) mmHg,
respectively. The mean SBP and DBP
values at the end of the follow-up pe-
riod were 139.1 + 10.9 (range 120-180)
mmHg and 84.9 + 6.2 mmHg, re-
spectively, at p < 0.05, compared to
the baseline (Fig. 1).

The inclusion of Valsartan (Valsa-
cor®) to the ongoing antihypertensive
therapy led also to improved control
of the heart rate. Optimisation of ar-
terial pressure and heart rate was ob-
served in all patients, regardless of
gender, at the end of the follow-up
period (Tab. 1).

On month three of the follow-up peri-
od, control over AH (AP <140/90 mmHg)
was achieved in a total of 25 patients
(41.7%), eight males (38.1%) and 17 fe-
males (43.6%). The data of achieved
control on AH by gender are presented
on Fig. 2.

Treatment with Valsartan (Valsacor®)
resulted in a significant reduction of
complaints, due to uncontrolled AH and
to significant improvement of the qua-
lity of life of the studied patients (Fig. 3).

The data of the echocardiographic
examinations, performed at initiation
and completion of the follow-up pe-
riod, are presented in Tab. 2 and on
Fig. 4, 5, 6 and 7, and show the as-
sessed dynamic performance of the

Fig. 6. Dynamic performance
of the E/E’ ratio, p < 0.0001
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Fig. 7. Dynamic performance
of the index strain, p < 0.0001

echocardiographic indices DT, E’, E/E’
and the strain, with the background
of the treatment, carried out after the
addition of Valsartan (Valsacor®) to
the therapy.

The results of the echocardiogra-
phic analysis revealed significant diffe-
rences in the dynamic performance, at
the baseline and three months, of the
indices: telesystolic dimension of the
left ventricle, deceleration time (DT),
E‘, E/E‘ ratio and values of longitudi-
nal strain. The observed dynamic per-
formance reflects favourable respon-
ses of the indices for diastolic function
and longitudinal strain in the studied
patients.

No undesirable effects, related with
the administered medicine and requi-
ring discontinuation of therapy, were
registered.
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Tab. 1. SBP, DBP and HR values of the patients, included in the study
Gender and haemodynamicindices  Values at the baseline Values after 3 months of the follow-up period
Males*
SBP (mmHg) 177.7 £ 19.2 (160-230) 139.9 + 9.9 (130-160)
DBP (mmHg) 97.7 + 4.8 (90-105) 80.9 + 6.6 (70-90)
HR (beats/min) 87.0 £ 10.8 (75-120) 79.0 £ 3.6 (70-84)
Females*
SBP (mmHg) 173.8 + 17.6 (150-220) 138.9 + 11.4 (120-180)
DBP (mmHg) 97.5 + 6.9 (85-110) 85.4 + 5.7 (75-100)
HR (beats/min) 84.1 £ 7.5 (60-100) 78.0 £ 5.9 (68-88)
p <0.05
Discussion in the heart rate and cardiac outputis  of LVH and improvement in LV diasto-

The results of our study reveal a sig-
nificant antihypertensive effect of the
investigational angiotensin receptor
blocker Valsartan (Valsacor®), with sig-
nificant improvement of the indices for
myocardial diastolic and global func-
tion. The obtained results comply with
the results of recent clinical studies de-
monstrating that monotherapy with
ARB has resulted in satisfactory con-
trol of AP, observed in 63% of the pa-
tients. The hypotensive effect of ARBs,
in accordance with the results of other
studies, was similar in both sexes and
equally effective in both younger and
older age groups.

Angiotensin |l exerts its effects by
acting on two types of receptors, an-
giotensin | (AT1) and angiotensin Il
(AT2) receptors. The activation of AT2
receptors is the key to the protective
effects of ARBs, whose main represen-
tative is the studied medicine Valsar-
tan. APBs cause vasodilation, natriure-
sis, stimulation of tissue regeneration.
ARBs displace angiotensin Il from its
specific AT1 receptor, thus antagoni-
sing its negative effects in terms of re-
duction in glomerular filtration rate,
occurrence of proteinuria, albumin-
uria, glomerulosclerosis and aldoste-
rone release, left ventricular hypertro-
phy, fibrosis. ARBs also participate in
the processes of remodelling and apo-
ptosis of myocytes, vasoconstriction,
vascular hypertrophy, endothelial dys-
function and atherosclerosis. A dose-
-dependent decrease in the peripheral
resistance with insignificant changes
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achieved. In this regard, the observed
improvement of the symptoms, deter-
mined by the baseline non-optimal an-
tihypertensive control, is consistent
with the known mechanisms of ac-
tion and myocardial protective effects
of ARBs, beyond the reduction of AP
alone. On the other hand, the ob-
served high baseline frequency of the
studied symptoms is probably precon-
ditioned by both uncontrolled arterial
hypertension at the enrolment for the
study and the aggravated indices for
diastolic and global myocardial func-
tion in the studied patients, which was
confirmed by the measured significant
improvement of these indices at the
third month.

The treatment of diastolic heart fai-
lure (DHF) remains empiric, since trial
data are limited. The medicinal agent,
selected by us for control of arterial
pressure, is in compliance with the re-
commendations for treatment of pa-
tients with DHF, published in 2013 by
the American College of Cardiology
Foundation/American Heart Associ-
ation in the guidelines on HF [9,10],
including also strong recommendati-
ons for control of systolic and diastolic
hypertension.

Angiotensin |l receptor blockers
(ARBs) may be beneficial in patients
with left ventricular diastolic dysfunc-
tion due to hypertension, although the
data on the impact are limited [11,12].
In various studies of hypertensive pa-
tients with left ventricle hypertrophy
(LVH), ARBs caused more regression

lic filling than beta blockers [12,13].

Regression of LVH is an important
therapeutic goal, since it may improve
indices of diastolic function. A meta-
-analysis attempted to evaluate the re-
lative efficacy of different antihyper-
tensive drugs for their ability to reverse
LVH in patients with hypertension.
Eighty trials that included 146 and
17 active treatment and placebo arms,
respectively, were evaluated. After sta-
tistical adjustments for the length of
therapy and degree of blood pressure
lowering, the relative reductions in left
ventricular mass index were highest for
the ARBs - 13 % in comparison to the
other classes of medications [11].

In patients with cardiac hypertrophy
of various etiologies, Sun et al demon-
strated that the longitudinal strain sho-
wed the best correlation with LVEF and
diastolic function indices. It was also
demonstrated that the longitudinal
global strain can predict cardiovascu-
lar events in patients with CHF and
death due to different causes in indi-
viduals with heart disease. [14,15,16].
It should be taken into account, ho-
wever, that there are still no standar-
dised norms for GLS. Regardless of
this, more important is the statistica-
lly significant trend towards improve-
ment in myocardial function assessed
echocardiographically via GLS with the
background of added Valsartan (Val-
sacor®) to the ongoing therapy of the
studied patients. The observed impro-
vement of both the indices of diasto-
lic function and GLS in the studied pa-
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=N.S.

males/females

follow-up period, P

Index

Left atrium (mm)*
Inter-ventricular septum (mm)

Posterior wall of the left ventricle (mm)

E-wave**
A-wave**
DT (msec)**
E’ (sec)

E/E’

Strain

DT - deceleration time

Telesystolic dimension of the left ventricle (mm)
Telediastolic dimension of the left ventricle (mm)
Telesystolic volume of the left ventricle (ml)
Telediastolic volume of the left ventricle (ml)

Expulsion fraction of the left ventricle, % (according to Simson)

Tab. 2. Data of the echocardiographic examination at the baseline and after 3 months of the

Baseline

(mean value and
standard deviation)

41.9+3.9
12.8+ 1.1
12.5£0.
31.0+5.2
48.9+5.2
38.7+12.7
111.3 +£30.8
65.5+£5.5
0.7+0.2
0.7+0.2
208.6 +48.9
0.06 £ 0.01
12.5+3.9
-14.6 +3.9

*parasternal position in the longitudinal axis; **trans-mitral diastolic blood flow;

3 months
(mean value and P
standard deviation)
41.6 +3.3 N.S.
12.7+£1.0 N.S.
12.5+0.9 N.S.
30.0+6.4 0.013
52.6 £ 18.4 N.S.
42.0+8.5 N.S.
115.0+ 35.4 N.S.
66.1+4.5 N.S.
0.7+ 0.1 N.S.
0.7+0.2 N.S.
183.0+16.9 <0.0001
0.08 + 0.01 <0.0001
8.7+1.8 <0.0001
-18.4+3.2 <0.0001

tients supports the hypothesis that the
systole and diastole are closely related.
Moreover, it has been shown that in
patients with preserved LVEF, both sy-
stolic and diastolic myocardial mecha-
nical parameters significantly correlate
with the LV filling pressure. A possible
explanation for the results is the as-
sumption that patients with preserved
LVEF have also significant abnormali-
ties in systolic function, a finding that
may challenge the concept of isolated
diastolic dysfunction. [17].

In conclusion, Valsartan (Valsacor®),
used as an adjunct to the standard an-
tihypertensive therapy in patients with
insufficiently controlled AH, leads to
optimisation of the AP values and im-
provement of the indices of diastolic
and global myocardial function, with
a very good safety profile.
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