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Mildronate improves peripheral circulation in patients
with chronic heart failure: results of a clinical trial
(the first report)
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Summary

Objectives: The main aim of the study was to compare the efficacy of combined treatment of chronic heart
failure (CHF) with mildronate and angiotensin-converting enzyme inhibitor lisinopril and the treatment of CHF
with lisinopril used alone.

Design and Methods: The study was designed as a controlled, parallel-group, double-blind, randomised
phase IV clinical trial. The study was carried out in Latvia and Lithuania. The study group comprised 119 patients
(men and women; aged 30-80 years) with CHF (NYHA I-III) due to coronary heart disease. The first group (ML20)
received mildronate (M) 1000 mg and lisinopril (L) 20 mg daily; the second group (MLS) received M 1000 mg
and L 5 mg, the third (L20) received L 20 mg daily.

Results: In the ML20 group, dyspnoea decreased in 48.7% of patients, whereas in the L20 group only in
33.3% of patients. As to the NYHA functional class, the decrease was observed in all groups. During bicycle
ergometry, the greatest increase in exercise time was recorded in the ML20 group patients. The changes in
parameters of reactive hyperemia in forearm muscles after the treatment were shown to differ greatly in the
ML20 and MLS5 groups as compared to the L20 group. The analysis of blood flow data of a handgrip test showed
statistically significant increase in maximal and summary blood flow in the ML20 group.

Conclusions: This study reveals the advantage of the combined treatment with “lisinopril 20 mg/daily and
mildronate 1000 mg/daily” and “lisinopril 5 mg/daily and mildronate 1000 mg/daily” over the treatment with
“lisinopril 20 mg/daily” on the leading symptoms of CHE The combined treatment is associated with the
improvement of the quality of life, exercise capacity and mechanisms of peripheral circulation. The additive
beneficial effect of mildronate on the vasodilation capacity of the magistral arteries and the resistance vessels at
rest and during the static muscle load has been demonstrated.
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Chronic heart failure (CHF) is a clinical syn-
drome which is caused by myocardial ischaemia
induced by coronary heart disease (CHD) in up
to 70% of cases [1]. For the last 15 years ad-
vances have been experienced in the treatment
of CHF where the leading role is attributed to
the introduction of angiotensin-converting en-

zyme inhibitors (ACEI) [2]. There is compelling
evidence that ACEI decrease cardiac pre-load and
after-load by dilating arteries and veins. Con-
sequently, this results in an augmented stroke
volume. Besides, ACEI have demonstrated a pos-
itive effect on the ejection fraction, degree and
speed of myocardial fibre contractility, as well as
the reduction of the heart rate and arterial blood

e ressure. Improvement in haemodynamic para-
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meters promotes an increase in exercise tolerance
and a decrease in sympathetic nerve system acti-
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vation [2-4]. Patients with CHF, however, have a
very poor prognosis with a 5-year mortality rate
of about 50% [5,6]. Thus, an efficient CHF treat-
ment is still a topical issue in all countries and
regions [7]. Ongoing studies are conducted to
improve this situation. Newer pharmacological
therapies are emerging along with the hope that
these agents may address some of the currently
unmet treatment needs. One such prospective
method is believed to be related with the devel-
opment of the so-called “cytoprotective” agents.
The accumulation of the results of this treatment
is still being continued. As an example of this
approach, the history of introducing of trimetazi-
dine (Preductal, Servier) in the CHF treatment can
be mentioned. Trimetazidine is known to modu-
late mitochondrial energetic metabolism under
ischaemia providing antianginal effect and pre-
serving myocardial contractile properties [8,9].
The “cytoprotective” agent group also includes
mildronate (M; 3-(2,2,2-trimethylhydrazinium)
propionate). A number of animal studies as well
as clinical trials of the effect of mildronate on
the cardiovascular system and cardiac function in
ishaemic CHF have been performed. Mildronate
was demonstrated to improve the myocardial
contractile function and hemodynamic profile,
favour the regression of ischaemic cardiac remod-
elling during ishaemia and reperfusion. The ef-
ficiency of mildronate is shown to be similar to
that of ACEI captopril [10-13]. Mildronate was
found to improve symptoms of CHF, quality of
life of the patients, exercise tolerance, systolic
function and a decrease in peripheral arterial re-
sistance [14-16]. Moreover, experimental studies
have also substantiated mildronate as an agent
possessing a vasodilating and an antispasmic ac-
tion [17,18].

The aim of this study was two-fold: to compare
the efficacy of the combination of ACEI (lisino-
pril) with mildronate and ACEI (lisinopril) used
alone in the CHF treatment, and to assess the ef-
fect of both regimens on peripheral circulation
and function of skeletal muscles.

Design and Methods

The study was designed as a controlled, paral-
lel-group, double-blind, randomised phase IV
clinical trial. The study was carried out in 2 med-
ical centres: in Latvia and Lithuania. The study
group comprised 119 patients (men and women,;
aged 30-80 years) with CHF (NYHA I-III) due to
coronary heart disease (CHD). Written informed
consent was obtained from all the patients before
the enrolment. The study was performed in ac-
cordance with the principles outlined in the Dec-

laration of Helsinki and approved by the Ethics
Committee of the Latvian Institute of Cardiology.
Patients were randomly divided into three groups
receiving different treatment during a 3-month
period. Patients of the first study group (ML20)
received mildronate (M) 1000 mg and lisinopril
(L) 20 mg daily; the second study group (MLS5) re-
ceived M 1000 mg and L 5 mg daily; patients of
the third (control) group (L20) received L 20 mg
daily.
Primary end points of the study were:

1. Regression of the symptoms (dyspnoea, fa-
tigue, palpitation);

2. Improvement of exercise tolerance;

3. Assessment of quality of life.

The effect of the therapies was evaluated by the
surrogate outcomes: the improvement of periph-
eral circulation and the related increase of the
function of the target-organ (skeletal muscles).

Symptoms of coronary heart failure were con-
sidered determining CHF functional class: be-
fore a double-blind treatment (3 times), during
a coded treatment (6 times) and once after the
treatment. Additionally, dyspnoea, fatigue, palpi-
tation were assessed during each visit using a 5
point scale.

The quality of life was assessed according to
the Minessota Living With Heart Failure ques-
tionnaire and the Health Satisfaction Score.

Exercise tolerance was assessed by bicycle er-
gometry (BE) according to a standard protocol.
The power output was increased stepwise, start-
ing at 25 W with subsequent increments of 25 W
every third minute. BE was performed before and
after the treatment. A pre-treatment test was vali-
dated if two measurements did not differ by more
than 15%.

The main criteria were: exercise time, min
(ET); maximal load, W (MaxL); performed work
(PW), PW = Load (W) x ET (5)/1000 in each step
of BE; total performed work, k] (3>_PW); heart
rate recovery index (HRRI); myocardial reserve
(MR). HRRI was calculated according to the equa-
tion: HRRI = MaxL x HRy,.x/body weight (kg) x
HR214 min- The double product (DP) of systolic
pressure (Ps) and the heart rate (HR) was calcu-
lated before the exercise (DPy = Ps x HR x 107?) and
during the maximal load (DP,,., = Ps x HR x 1072).
MR was estimated as the relationship between
calculated parameters: MR = DP,,,./DPs.

A six-minute corridor-walking test was per-
formed twice: before and after the coded treat-
ment.

The changes in the tone of peripheral (fore-
arm) vessels during the treatment were assessed
by measuring forearm blood flow before and af-
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ter a 7-minute arterial occlusion using the ve-
nous occlusion plethysmography (VOP). After
the restoration of free blood flow, forearm blood
flow was measured during the first two seconds,
then with the interval of 10 seconds. The fol-
lowing parameters were evaluated: blood flow
at rest (Ir, ml/100 ¢cm?/min), dynamics of blood
flow and maximal blood flow during reactive hy-
peremia (I,.x, ml/100 Cm3/min); mean arterial
blood pressure (Py, mm Hg); pulse pressure (AP,
mmHg), haemodynamic resistance of forearm
blood vessels at rest Ry (measured in peripheral re-
sistance units, PRU) [Rg = Py/If] and minimal re-
sistance during reactive hyperemia (Ryin) [Ruin =
Pyp/Iax]- The compliance of the magistral arteries
of the forearm (D) was calculated as the relation-
ship between the amplitude of pulse volume AV
and pulse pressure AP: D (units) = AV/AP.

Changes in the tone of precapillary vessels of
the forearm were evaluated comparing the values
of Iy, Rg, and R,,;, before and after the treatment.

The changes in the tone of the magistral arter-
ies of the forearm was estimated by D before and
after the treatment.

Central and peripheral haemodynamic para-
meters were detected during the isometric con-
traction of the forearm muscles (the handgrip
test) as well. The handgrip test was performed in
the following manner: maximal voluntary con-
traction (MVC) was defined by recording fore-
arm blood flow at rest. Forearm arterial occlusion
was produced by inflating an upper arm cuff to
30-50 mmHg above Ps. In parallel, the partici-
pant was asked to perform a handgrip with 10%
of MVC for 90 s. After the cessation of a handgrip,
the arrest of blood circulation was still retained
for 30 seconds. After the restoration of free blood
flow, forearm blood flow was measured by VOP
during the first two seconds (I sc), then with the
interval of 10 seconds. Systemic arterial pressure
was recorded with an interval of 15-20 seconds
in the resting forearm and electrocardiogram was
registered throughout the test. Dynamics of the
heart rate and arterial pressure was assessed dur-
ing a handgrip, after the cessation of a handgrip
while the arrest of muscle blood circulation was
retained and after the restoration of free blood
flow. The dynamics of forearm blood flow was as-
sessed after the restoration of circulation.

Results

Symptoms and NYHA functional classes

Figure 1 represents the number of patients (%
of the total number) with the improvement in
dyspnoea and fatigue after the treatment.
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Figure 1. A, Regression of the intensity of symptoms after the
treatment (% of patients). B, Improvement of chronic heart
failure functional class (% of patients).

Improvement in dyspnoea was stated in 48.7%
of patients of the ML20 group and in 44.7% of
patients of the MLS5 group while only in 33.3% of
the L20 group patients. Worsening dyspnoea was
stated in two patients of the L20 group and in one
patient of the MLS5 group but none in the ML20
group. Decrease in fatigue was found in 57.9% of
the ML20, 53.8% —in the ML5 and 55.6% —in the
L20 group patients. Increase in fatigue was found
in one patient from the L20 and the MLS groups,
but it was not found in any of the patients of the
ML20 group. Although the number of cases with
the improvement in dyspnoea (the main symp-
tom of CHF) in both combined therapy groups
exceeded the number of cases in the L20 group,
the difference was not statistically significant for
the given number of patients.

NYHA functional class improvement was found
in 23.7% of patients of the ML20 group, in 23.1%
- of the MLS group but only in 13.9% of patients
of the L20 group. NYHA functional class worsen-
ing was not stated in any of the study groups. In
both study groups receiving the combined treat-
ment, functional class improvement was found in
twice as many patients as in the L20 group. This
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Figure 2. A six-minute walking test: the increase of the cov-
ered distance after the treatment (m + SE).

difference, however, is not statistically significant
for the given number of patients.

Exercise tolerance

The most pronounced increase in the covered
distance was found in the patients of the ML20
group (Figure 2). Worthy of note, a statistically
significant increase was found in the covered dis-
tance after the therapy in comparison with that
before the treatment in all the study groups.

All the study groups showed a statistically sig-
nificant increase in ET. Although the difference
in the increase of ET among the groups did not
reach statistical significance, the greatest increase,
however, was found in the ML20 group (Fig-
ure 3A).

Although all the study groups manifested in-
crease in MaxL after the treatment, it was statisti-
cally significant in the MLS5 and the ML20 groups
(Figure 3B).

Increase of > PW was found in all the study
groups (the ML20 group, p = 0.0004; the MLS
group, p =0.009; the L20 group, p = 0.006) after
the treatment.

HRRI increased in all the study groups after the
treatment, but statistically significant increase
was stated only in the ML20 group (p = 0.0002).

Myocardial reserve increased in all the study
groups, but statistically significant increase was
stated only in the groups receiving the combined
treatment: p=0.02 - in the MLS5 group; p=0.046
—in the ML20 group.

Quuality of life

The score calculated according to the responses
obtained by the Minessota Living with Heart
Failure Questionnaire decreased in all the study
groups. However, it reached statistical signifi-
cance only in the groups receiving the combined
treatment (p = 0.049 - in the MLS group; p =
0.003 - in the ML20 group). All the study groups
manifested the improvement in general health
according to the Health Satisfaction Score System
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Figure 3. A, Bicycle ergometry: the increase of exercise time
(AET) after the treatment (min =+ SE). B, Maximal load before
and after the treatment (W =+ SE).

(p=0.0002 - in the L20 group; p <0.0001 - in the
MLS and the ML20 groups).

Peripheral circulation

Characteristics of reactive hyperemia differed
in all the study groups before and after the treat-
ment: in the L20 group, l,.x decreased from
37.47 + 4.03 ml/100 cm?®/min to 23.58 + 2.85
(p=0.005). Increase in Rp was not statistically sig-
nificant but R,,;, increased from 3.11 £+ 0.28 PRU
to 5.11 £ 0.55 (p =0.003). Both study groups re-
ceiving the combined therapy showed increase
in I, It rose from 27.71 &+ 2.17 to 36.72 +
3.92 ml/100 cm?/min (p = 0.02) after the treat-
ment in the ML20 group and from 33.16 4+ 3.43
to 42.99 £ 5.26 in the MLS group (p = 0.007).
In the ML20 group, decrease in R,;, was from
4.22 +0.36 to 3.07 £ 0.23 PRU (p = 0.008), in
the MLS group - from 3.72 +0.42 to 2.70 + 0.26
(p=0.008). Statistically significant increase in the
compliance of the forearm magistral arteries was
found only in the ML20 group: from 5.69 +0.79
units to 7.194+0.67. The comparison of dynamics
of changes in the parameters of reactive hyper-
emia is presented in Figures 4 and 5.
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Figure 4. Reactive hyperemia before and after the treatment
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Figure 5. A, Reactive hyperemia before and after the treatment
(ARpin). B, Reactive hyperemia before and after the treatment
(AD).

Analyses of the changes in HR characteristics
during the handgrip test showed that the treat-
ment results in statistically significant decrease
in HR was found only in the ML20 group. It
was lowered during the contraction period (p =
0.003), after the cessation of a handgrip while
muscle ischaemia was still retained (p =0.03), as
well as during the recovery period (p = 0.005) (Fig-
ure 6A). The treatment showed insignificant in-
crease in HR in the L20 group but virtually no
changes occurred in the MLS group.
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Figure 6. A, Heart rate before, during and after a handgrip
(ML20) before and after treatment. B, Diastolic blood pressure
before, during and after a handgrip (ML20) before and after
treatment.

Arterial blood pressure (BP) values during the
handgrip test were compared before and after the
treatment in all study groups. Systolic BP, dias-
tolic BP and mean BP lowered in all the groups
while statistical significance this decrease reached
in systolic BP (p =0.01) and mean BP (p =0.02)
during the muscle contraction phase after the
treatment. However, diastolic BP lowered in all
investigation phases in the ML20 group patients
(Figure 6B).

Blood flow measurements (Ig, I,.x, Isum) dur-
ing a handgrip before and after the treatment
revealed a trend to decrease in all investigation
phases in the ML20 group patients. In the ML20
group patients statistically significant increase in
Imax and Igm was found, whereas in the MLS5
group patients, the increase was observed in all
blood flow measurements but the difference did
not reach statistical significance. Comparing the
pre- and after-treatment measurements in all the
three study groups, the increase in I, s was sta-
tistically more significant in the ML20 and the
MLS groups than in the L20 group (p = 0.004
and p = 0.007, respectively). Moreover, increase
in L.y, Isum Was also found to reach statistically
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Figure 7. A, Handgrip before and after the treatment: changes
of Imax (ml & SE). B, Handgrip before and after the treatment:
summary blood flow (ml + SE).

greater significance in the ML20 and MLS5 groups
than in the L20 group (Figure 7).

Discussion

The major finding of the study was that com-
paring both treatment regimens, the combina-
tion of ACEI (lisinopril) with mildronate was
found to be more effective in a potential regres-
sion of the main symptoms of CHF as well as in
the improvement of the NYHA functional class
and the quality of life. More importantly, the
improvement in the NYHA functional class was
not ACE inhibitor dose-dependent. A different
mechanism of mildronate activity on tissue en-
ergetic metabolism, presumably, widens the ben-
eficial effect alongside with that of the ACEI
(lisinopril). Nonetheless, the questions whether
the combined treatment with mildronate can re-
duce the frequency of side-effects and whether
the dose of ACEI can be reduced are still open.
Large clinical trials (for instance, ATLAS) have
shown a positive correlation between the increase
in the ACEI dose and the frequency of side-effects
while the mortality rate, risk for hospitalisation
and a number of hospitalisations were found to

be reduced [19]. Thus, trials with the drug com-
bination of ACEI and mildronate seeking for the
hard end point such as mortality are needed. Mil-
dronate was shown to be significantly effective
on exercise tolerance. This has been confirmed by
the results obtained during a 6-minute walking
test and bicycle ergometry. The combined treat-
ment demonstrates more pronounced increase in
physical load capacity (MaxL, > PW) and adapt-
ability of the cardiovascular system (HRRI, MR) in
comparison to the treatment with the standard
dose of lisinopril. This was convincingly proved
in the ML20 group by a statistically significant in-
crease in HRRI and MR, as well as in MaxL and
> PW. We believe that HR performance in the
after-load period is an important factor affecting
the ultimate outcome of the treatment because
HR recovery is recognized to indicate the recovery
in vagal tone. Moreover, HR dynamics is consid-
ered an independent marker of mortality. There
is the overwhelming evidence of a close relation-
ship between a decrease in HRRI and an increase
in the mortality of CHD patients [20,21]. Clini-
cal studies following a patient’s outcome using a
myocardial scintigraphy method have constantly
found that a decrease in HRRI is substantially as-
sociated with myocardial ischaemia [22]. In our
study, the statistically significant increase of HRRI
in the ML20 group confirms our assumption of
the prospects of the beneficial affect of the combi-
nation of lisinopril (20 mg daily) with mildronate
on the survival of CHR patients.

Over the past 15 years, much attention was
given to “the peripheral syndrome” of the CHF
development. It is characterized by (1) an increase
in vascular tone in different target organs includ-
ing the skeletal musculature; (2) a decrease in
vasodilating capacity in skeletal muscles which
greatly affects exercise tolerance; (3) endothelial
dysfunction. A particular role of endothelial func-
tion in the regulation of vascular tone should
be emphasized in the context of our study. Nu-
merous studies have provided evidence that en-
dothelial cells can produce and release at least
three smooth muscle relaxing factors: nitric ox-
ide (NO), prostacycline and endothelium-derived
hyperpolarizing factor(s) (EDHF) [23]. Several dif-
ferent specific endothelial mechanisms at the
endothelial membrane level can trigger the syn-
thesis of those endogenous vasoconstrictors in
the endothelium [24]. One of those mechanisms
is related to the peculiarity of the endothelial
membrane to respond to an increase in flow
velocity. In physiology, this mechanical effect,
which can influence endothelial function, is
called “shear stress”, the term generally used in
physics [25]. Recently, the assessment of the va-
sodilation evoked by endothelial cell response to
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increased flow velocity known as “flow-mediated
vasodilatation” or “endothelium-dependent va-
sodilatation” is widely used in order to evaluate
the endothelial function in different vascular dis-
tricts including the peripheral circulation [26].
This is confirmed by evidence that endothelial
dysfunction of the peripheral circulation is ob-
served in patients with cardiovascular diseases
including CHF. This endothelial dysfunction is
manifested as decrease in vasodilating capacity
[27,28]. These changes are considered to be due
to the inhibition of NO synthetase and, thus,
deficiency of endothelial NO [28]. Factors con-
tributing to such endothelial NO deficiency could
be shear stress failure as well as the effect of some
other factors (superoxides, circulating dimethy-
larginine). Analysing the results obtained from
peripheral circulation in the view of the possi-
ble endothelium-dependent vasodilation of skele-
tal muscles, blood flow peculiarities could not
be missed at the initial phase of reactive hyper-
emia. The comparison of values of blood flow
and hemodynamic resistance at the 2nd sec-
ond and during 10-20th seconds clearly revealed
that a number of patients with vasodilation in
both study groups receiving the combined treat-
ment amounted to 95-100%, whereas in the L20
group it was only 66%. Thus, consistent with
our presumption, the differences in dynamics of
reactive hyperemia strongly points towards the
beneficial activity of mildronate accounting for
endothelium-dependent vasodilatation. In addi-
tion, the results of the dynamics of flood flow, pe-
ripheral resistance and compliance of the magis-
tral arteries and the differences among the study
groups show clear additive benefits of mildronate
in the combined treatment with ACEI in the im-
provement of vasodilatation under conditions
with increased demand of blood supply in skele-
tal muscles. Our findings support the concept of
the stimulating effect of mildronate on vascular
smooth muscles through activating NO produc-
tion. Mechanisms affecting vascular tone under
conditions of increased demand of blood supply
in skeletal muscles were investigated by means
of a static load tolerance test. During the sta-
tic load, the dynamics of blood flow parameters
were determined by integral interaction of cen-
tral (cortex efferentation, activation of baroreflex,
vegetative nervous system, etc.) and peripheral
mechanisms (afferentation from active muscles).
Development of peripheral mechanisms in CHF
patients is a heterogeneous process and is associ-
ated with skeletal muscle atrophy, changes in the
proportion of fast and slow muscle fibres and de-
crease in their oxidative capacity. Thus, a similar
external work evokes greater metabolic changes
in CHF patients than in healthy subjects. At the
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same time, the data about decreased sensitivity
of metabolic receptors in CHF patients cannot
be ignored [29]. Thus, the intensity of the pe-
ripheral signal and its physiological significance
can differ in each definite case. This is especially
worthy of note in the context of our study be-
cause mildronate possesses both neurotropic and
metabolic activity [30]. Thus, peripheral signal
response and intensity can be affected by an-
tagonistic mechanisms. If the positive effect of
mildronate on muscle metabolism is accepted, a
decrease in the intensity of the peripheral signal
can be expected after the treatment in compari-
son to the basal measurement, whereas accepting
neurotropic effect of mildronate, an increase in
the sensitivity of metabolic receptors and the
intensity of the peripheral signal in hemody-
namic processes can be expected. All this em-
phasize the complexity of interpreting the results
obtained and the significance of each hemody-
namic factor. In our study, dynamics of HR and
BP were analysed in all phases of a handgrip in
all the study groups. After the treatment in the
ML20 group, systolic BP and mean BP were found
to reach statistically significant decrease in the
after-load period, while a decrease in HR and di-
astolic BP was statistically significant during all
phases of a handgrip. This allows proposing a
hypothesis that the combined therapy of mil-
dronate with ACEI has reduced the activity of
the mechanisms responsible for handgrip perfor-
mance. Whereas analysing the dynamics of blood
flow parameters in the after-load period in the
study groups receiving the combined treatment,
an increase in all parameters was stated after the
treatment in comparison with the pre-treatment
period. This refers to all blood flow parameters
in the after-load period. Of main importance
is the understanding that in our load test, all
blood flow values comprise two components,
namely, that of after-load and reactive hyper-
emia. The former component mainly represents
the compensation of accumulated energetic debt
during a handgrip, while reactive hyperemia re-
flects endothelium-dependent vasodilator capac-
ity. Less pronounced increase in HR and BP in
the after-load ishaemia phase in the study groups
receiving the combined therapy indirectly sug-
gests an improved metabolism in working mus-
cles. Thus, it could be speculated that the pro-
nounced increase in blood flow during the recov-
ery period in these patients more refers to reac-
tive hyperemia than to the after-load hyperemia.
Accordingly, this confirms the above-mentioned
hypothesis about the additive beneficial effect of
mildronate in the treatment of CHF patients af-
fecting endothelial function represented by an
increase in vasodilation evoked by shear stress.
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Conclusions

1. This study reveals the advantage of the com-
bined treatment with “lisinopril 20 mg/daily
and mildronate 1000 mg/daily” and “lisino-
pril 5 mg/daily and mildronate 1000 mg/
daily” over the treatment with “lisinopril
20 mg/daily” on the leading symptoms of
chronic heart failure and the improvement of
the NYHA class.

2. The combined treatment is associated with
the improvement of the quality of life, ex-
ercise capacity and mechanisms of peripheral
circulation.

3. Our results confirm the additive beneficial ef-
fect of mildronate on the vasodilation capac-
ity of the magistral arteries and resistance ves-
sels at rest and under conditions of increased
demand of blood supply.

4. The data obtained suggest the favourable in-
fluence of mildronate on the optimisation of
energetic metabolism and vasodilatory capac-
ity of static muscle load.

References

[1] Davies S, Bayliss J. Clinician’s Manual on Chronic Heart
Failure. London. Science Press 1994: 63.

[2] Garg R, Yusuf S. Overview of randomised trials of an-
giotensin-converting enzyme inhibitors on mortality
and morbidity in patients with heart failure. Collabo-
rative Group on ACE Inhibitor Trials. JAMA 1995; 273:
1450-1456.

[3] Sigurdsson A, Swedberg K. Neurohormonal activation
and congestive heart failure: today’s experience with ACE
inhibitors and rationale for their use. Eur Heart ] 1995; 16
(Suppl): 65-72.

[4] Swedberg K, Kjekshus J, Snapinn S. Long-term survival
in severe heart failure in patients treated with enalapril:
ten-year follow-up of CONSENSUS 1. Eur Heart ] 1999; 20:
136-139.

[5] Cleland J, Dutka D, Habib F, Puri S. Identification and
Management of Heart Failure Patient. London. Science
Press 1994: 72.

[6] Kelly RA, Smith TW. Pharmacological treatment of heart
failure. In: Hardman JG, Limbird LE, Molinoff PB, et al
(eds). Goodman and Gilman'’s The Pharmacological Basis
of Therapeutics — 9th ed. New York. McGraw-Hill 1996:
809-838.

[7] Cowie MR, Wood DA, Coats AJ, et al. Incidence and aeti-
ology of heart failure; a population-based study. Eur Heart
] 1999; 20: 421-428.

[8] Lu C, Dabrowski P, Fragasso G, Chierchia SL. Effects of
trimetazidine on ishemic left ventricular dysfunction in
patients with coronary artery disease. Am ] Cardiol 1998;
82: 898-901.

[9] Task Force of the European Society of Cardiology. Guide-
lines. The treatment of coronary heart disease. Eur Heart
] 1997; 18: 394-413.

[10] Asaka N, Muranaka Y, Hayashi Y, Kirimoto T, Miyake H.
Cardioprotective profile of MET-88 in isolated perfused
rat hearts. Eur Heart ] 1994; 15 (Suppl): 93.

[11] Hayashi Y, Kirimoto T, Asaka N, Muranaka Y, Miyake H.
Beneficial effect of MET-88, a new cardioprotective agent,
on ventricular remodelling in rats with chronic heart fail-
ure secondary to myocardial infarction. Jpn | Pharmacol
1995; 67 (Suppl 1): PI-156.
Kirimoto T, Hayashi Y, Miyake H. MET-88, a new car-
dioprotective agent, improves experimentally induced
heart failure in dogs. Jpn | Pharmacol 1995; 67 (Suppl 1):
$33-36.
Hayashi Y, Kirimoto T, Asaka N, et al. Beneficial efects of
MET-88, a y-buturobetaine hydroxylase inhibitor in rats
with heart failure following myocardial infarction. Eur |
Pharmacol 2000; 395: 217-224.
[14] Kapmos PC, Komeanckas OA, Bpy6Guaesckunn AB, u
AP. Kananueckas BqJCbEKTI/IBHOCTb 1 6e30macHOCTL MUJI-

(12

(13

—_

ApOHATA IPU JIEUEHUU XPOHUYECKON CEePIEeYHON HEIOCTA~
TOYHOCTHU Y DOJILHLIX UIIeMUYeCKon Gose3npio cepana (In
Russian). Kapouoaozus 2000; 6: 69-74.

[15] Skarda I, Dzerve V, Klincare D, et al. Influence of long-
term mildronate treatment on quality of life and hemo-
dynamic parameters of congestive heart failure patients
(abstr). The Journal of Heart Failure 1997; 4 (Suppl 1).

[16] Skarda I, Klincare D, Dzérve V, et al. Modulation of my-
ocardial energy metabolism with mildronate — an effec-
tive approach in the treatment of chronic heart failure.
Proceedings of the Latvian Academy of Sciences 2001; 55
(2-3): 73-79.

[17] KanBuasm WM. Cunre3 m Guosormueckas akTUBHOCTL
HOBOI'O Ouoperyaaropa MuIApoHaTta. INn: Ixcnepumen-
ManvHad u Kaunuveckas gapmaromepanus (in Russian).
Pura. 3unatae 1991; 19: 7-14.

[18] Besepuec MM, Arape 3A, Kumernnc AA, Kamsuanm M.
Pe3yJ’II>TaTbI (bapMaKonoquecxoro ncciaenoBaHua MUJI-
npoHarta. In: DrcuepuMeHTANLHAS U KINHUYECKAS (ap-
makorepanus (in Russian). Pura. 3umarme 1991; 19:
15-22.

[19] Packer M, et al. Comparative effects of low and high
doses of the angiotensin-converting enzyme inhibitor,
lisinopril, on morbidity and mortality in chronic heart
failure. Circulation 1999; 100: 2312-2337.

[20] Deepak P, et al. Heart rate recovery after exercise is a
predictor of mortality, independent of the angiographic
severity of coronary disease. ] Am coll Cardiol 2003; 42:
831-838.

[21] Tiukinhoy S, et al. Improvement in heart rate recovery
after cardiac rehabilitation. J Cardiopulm Rehab 2003; 23:
84-87.

[22] Georgouslias P, et al. Abnormal heart rate recovery imme-
diately after treadmill testing: correlation with clinical,
exercise testing, and myocardial perfusion parameters.
J Nucl Cardiol 2003; 10: 498-505.

[23] Quilley J, Fulton D, McGiff JC. Hyperpolarizing factors.
Biochem Pharmacol 1997; 54: 1059-1070.

[24] Vanhoutte PM. Endothelium derived relaxing factors and
converting enzyme inhibition. Am ] Cardiol 1995; 76: 3E~
12E.

[25] Neotytou P. Comparison of blood rheological models for
physiological flow simulation. Biorheology 2004; 41: 693—
714.

[26] Lind L, Sarabi M, Millgard J. Methodological aspects of
the evaluation of endothelium-dependent vasodilatation
in the human forearm. Clin Physiol 1998; 18: 81-87.

[27] Taddei S, Virdis A, Ghiadoni L, et al. The pivotal role
of endothelium in hypertension. Medicographia 1999; 21:
22-29.

[28] Drexler H, Hornig B. Importance of Endothelial Func-
tion in Chronic Heart Failure. J Cardiovasc Pharm 1996;
27 (Suppl 2): 9-12.

63



Seminars in Cardiology, 2005, Vol. 11, No. 2 ISSN 1648-7966

[29] Sterns DA, Ettinger SM, Gray KS, et al. Skeletal mus- [30] Kansusbm V. Muinaporar — MeXaHU3MBI AEVICTBUS U LEP-
cle metaboreceptor exercise responses are attenuated in cnekrusnl npuMenenus (In Russian). Pura. 2001: 39.
heart failure. Circulation 1991; 84: 2034-2039.

64



	Mildronate improves peripheral circulation in patients with chronic heart failure: results of a clinical trial (the first report)
	Design and Methods
	Results
	Symptoms and NYHA functional classes
	Exercise tolerance
	Quality of life
	Peripheral circulation

	Discussion
	Conclusions
	References


