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Streszczenie

Wprowadzenie. Ostatnie badania epidemiologiczne wykazaly, ze stezenie kwasu moczowego
w surowicy krwi (SUA) jest czynnikiem ryzyka choréb sercowo-naczyniowych i stanowi ujemny
wskaznik prognostyczny przy klasyfikacji niewydolno$ci serca i okre$lania ryzyka Smiertelnosci.
Materiatl i metody. W badaniu uczestniczyto 147 pacjentdw, (59,2 + 0,8) lat, z zespotem stward-
nienia ktebkéw poinfekcyjnych pozawatowych. Badania zostaty przeprowadzone w dwoch eta-
pach. W etapie pierwszym przeprowadzono ocene parametréw hemodynamicznych, zaburzen
rytmu serca, pogorszenia metabolizmu lipidéw i puryn oraz zapalen ogélnoustrojowych przed
leczeniem. Etap drugi obejmowat ten sam uktad badan sze$¢ miesiecy pézniej po zastosowaniu
leczenia eprosartanem i fenofibratem.

Wyniki. Podwyzszony poziom SUA ma Scisty zwiazek z progresja przebudowy lewej komory
serca. Zaobserwowano nieréwno$¢ repolaryzacji komérkowej, spadek zmiennosci rytmu serca,
a takze wysokiej jako$ci przedwczesne kompleksy komorowe. W wyniku leczenia eprosarta-
nem uzyskano istotne zmniejszenie przerostu lewej komory, docelowy poziom ci$nienia krwi,
catkowite ustgpienie czestoskurczéw komorowych. Leczenie eprosartanem zapobiegto réwniez
ponownemu pojawieniu sie migotania przedsionkéw. Natomiast leczenie Fenofibratem spowo-
dowato zmniejszenie poziomu cholesterolu catkowitego, trdjglicerydéw, lipoprotein o matej
gestosci, SUA i gtéwnych markeréw zapalen uktadowych, uzyskano natomiast zwiekszenie po-
ziomu lipoprotein o wysokiej gestosci.

Tables: 1 Whioski. Stosowanie eprosartanu i fenofibratu stanowi zoptymalizowana strategie zapobie-
Figures: 4 gawcza rozwoju choréb sercowo-naczyniowych u pacjentéw z pozawatowa miazdzyca serca
References: 21 zwigzana z hiperurykemia
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Introduction

The role of serum uric acid (SUA) in the process of atherosclerosis and atherothrombosis is controversial. The
recent epidemiological studies (NHANES I, Honolulu Heart study, the MONICA/CORA Study Cohort, PIUMA, SHEP,
Syst-China, etc.) have shown that SUA may be a risk factor for cardiovascular diseases and a negative prognostic
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marker for mortality in subjects with pre-existing heart failure [1,2,3,4,5,6]. According to the WHO experts’ recom-
mendations, hyperuricemia is considered to be a component of metabolic syndrome [7,8,9,10,11,12].

However, the influence of hyperuricemia on the increase of post-infarction remodelling of the heart, the onset
of arrhythmia or development of heart failure is not completely defined. The same pertains to the efficiency of hy-
pouricemic drugs [13]. The LIFE study showed that a decrease in SUA was associated with better long-term results
in patients who were treated with losartan, as compared to those who took atenolol [14]. In addition, a meta-analysis
of seven randomized trials (TRACE, SOLVD, ValHeFT, CHARM, etc.) demonstrated that treatment with ACE inhibitors
and angiotensin-receptor blockers reduced the risk of atrial fibrillation (AF) and sudden cardiac death due to left ven-
tricular hypertrophy regression, provided protection against atrial enlargement and supraventricular arrhythmias,
as well as affected endothelial function, risk biomarkers and vascular remodelling [15, 16,17].

Also, an important prerequisite for reducing of arrhythmogenesis is a complex correction of atherogenesis. The
presence of combined dyslipidemia, hypertrigliceridemia combined with hyperuricemia in patients after myocardial
infarction demands additional assignments of fibrates [18,19,20].

Objective: The study was undertaken to find out disturbances in cardiohaemodynamics, heart rhythm, lipid,
purine metabolism and systemic inflammation, as well as the efficiency of upstream therapeutic strategies with
eprosartan and fenofibrate in patients with postinfarction cardiosclerosis, associated with hyperuricemia.

Material and methods

The study was conducted in the Cardiology Department of Ternopil University hospital and involved 147 pa-
tients with post-infarction cardiosclerosis (106 men and 41 women) aged (59.2+0.8) years. The diagnosis was
established by confirming the presence of myocardial infarction in anamnesis, clinical signs, ECG, including retro-
spective analysis, Echocardioscopy and the absence of myocardial necrosis markers.

The exclusion criteria included: acute coronary syndrome within the last 3 months, postinfarction cardiosclerosis
within the first 6 months, severe renal and hepatic failure, exacerbation of chronic and acute inflammatory diseases,
secondary hypertension, hemodynamically significant valvular heart disease, heart failure IV functional class.

Depending on the presence of hyperuricemia, all patients were preliminary stratified into 2 groups. Group I in-
cluded 106 patients with postinfarction cardiosclerosis, combined with hyperuricemia (0.59+0.06) mmol/l and
group II - 41 patients with normal level of SUA (0.32+0.05) mmol/L. A comparative evaluation of atherosclerosis
risk factors, medical history, disorders of cardiac hemodynamics, heart rhythm disturbances, lipid metabolism,
markers of systemic inflammation was performed.

In order to determine the efficiency of upstream therapeutic strategies of postinfarction cardiosclerosis, associat-
ed with hyperuricemia, the patients were divided into 4 groups: group I included 30 patients who underwent stand-
ard treatment according to the Guidelines of European Cardiology Association, group II - 25 patients who instead of
ACE inhibitors took eprosartan 600 mg once daily, group III - 25 patients who, in addition to the standard treatment,
were prescribed with fenofibrate 200 mg daily, group IV - 26 patients who took eprosartan and fenofibrate. Patients
of all groups were comparable in age, sex, degree of metabolic disorders and the level of postinfarction changes. All
clinical, laboratory and instrumental examination was performed before the treatment and 6 months later. The treat-
ment efficacy was evaluated according to the degree of normalization of clinical signs, processes of cardiac remod-
eling, arrhythmogenesis, atherogenesis with the assessment of lipids, SUA and markers of systemic inflammation.

Cardiac hemodynamical disorders were detected by echocardioscopy using the standard method “Aloka SSD-
2000”. The myocardial mass (MM) of the left ventricle (LV) was calculated by the Penn Convention formula. Thanks to
Doppler technique, maximal flow velocities of early (E) and late (A) filling, their ratio E/A, deceleration time of early
diastolic filling (DecT), time of isovolumic relaxation of LV (IVRT) were assessed.

The arrhythmias were assessed in Holter ECG monitoring, performed on “Kardiotechnika-04". The duration of Q-T
interval, its dispersion (Q-Td), and Q-Tc were determined. The heart rate variability (HRV) was studied on the basis of
the analysis of the time (SDANN, SDNN, SDNNidx, RMSSD, pNN50%) and spectral (VLF LE HF, nHF) indices.

Lipid metabolism was studied by determining the level of total cholesterol (TC), triglcerides (TG), cholesterol
of high density lipoproteins (HDL ), cholesterol of low density lipoproteins (LDL). SUA was determined by the pho-
tometric method, cholesterol of lipoproteins of very low density (VLDL) — by W. T. Friedwald formula. Markers of
systemic inflammation - C-reactive protein (CRP), interleukin-1 (IL-1) and tumor necrosis factor -a (TNF-a) were
identified in an immune-enzyme analysis.

The results are presented as mean * standard error. The differences between comparable groups were exam-
ined by 2-tailed Student t test. The Spearman’s rank correlation was used to establish the existence and strength of
relationships between different values. A criterion for statistical confidence of p<0.05 was adopted.

The research was conducted in accordance with the Convention on Human Rights and Biomedicine developed
by the Council of Europe, Helsinki Declaration, and the recommendations of Bioethics Committee of the National
Academy of Medical Sciences of Ukraine.
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Results and discussion

An important step of clinical examination of patients with postinfarction cardiosclerosis included a comparative
analysis of risk factors and their stratification dependent on the presence of hyperuricemia. Such modified athero-
sclerosis risk factors as dyslipidemia, obesity, diabetes mellitus, arterial hypertension (AH) were definitely more often
observed in patients with hyperuricemia (p<0.01). According to the IDF criteria, metabolic syndrome was identified
8.3 times more frequently in patients with elevated SUA level than with normal (60.5% vs. 7.3%). Table 1 presents
correlation of SUA level with risk factors of atherosclerosis.

Table 1. Correlation of serum uric acid with risk factors of atherosclerosis

Index r p
Age 0.09 >0.05
Body mass index, kg/m? 0.36 <0.01
Waist circumference, sm 0.50 <0.01
Index waist/hip 0.14 > 0.05
Systolic BP, mm Hg 0.25 <0.01
Diastolic BF, mm Hg 0.09 >0.05
Hyperglicemia, mmol/1 0.22 <0.05
TC, mmol/I 0.40 <0.01
HDL, mmol/I -0.46 <0.01
TG, mmol/1 0.47 <0.01
LDL, mmol/1 0.40 <0.01
VLDL, mmol/] 0.50 <0.01

Patients with hyperuricemia compared with patients with normal level of SUA, had Q-wave myocardial infarction
in anamnesis (61.3% vs. 17.1%), mostly anterior localition (53.8% vs. 28.6%). Pronounced hemodynamic impair-
ments and occurrence of congestive heart failure occurred 4.6 times more often in patients with hyperuricemia.

The patients with an increased SUA compared to those with normouricemia, had a significantly increased end-di-
astolic dimension of LV (LV EDD) by 11.6%, thickness of the interventricular septum (IVST) - by 22.9%, the thickness
of posterior wall (PWT) by 20.3%, MM LV - 37.7%, mass index of left ventricular (LVMI) - 33.3% (p<0.01). It was
established that with increasing SUA, LVMI was also higher (Fig. 1).

400.00=

LVMI = 89.53 + 224.19 * SUA
R-Square = 0.18

300.00=
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Figure 1. A linear relationship of uric acid with myocardial mass index of left ventricle in patients with postinfarction cardiosclerosis
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The analysis of LV remodeling in patients with hyperuricemia compared to patients with normouricemia showed
that concentric (56.6% vs 26.8%) and eccentric (40.6 % vs 31.7%) hypertrophy dominated.

The patients with hyperuricemia compared to patients with normouricemia more often showed diastolic dys-
function of LV (85.8% vs. 36.6%): relaxation type (19.8% vs. 9.7%), pseudonormal type (67.0% vs. 26.8%). Restric-
tive type was identified only in patients with elevated SUA (13.2%). Systolic dysfunction was diagnosed in 15 (14,2%)
patients with hyperuricaemia and 5 (12.2%) - with normouricemia. A positive significant correlation of SUA with the
size of the left atrium (LA), right ventricle, IVST, EDD LV, MM LV, IMM LV (r=0.30-0,49, p<0.01), and PWT LV (r=0.22,
p<0.05) and indices of diastolic function : E, DTE (r=0.26-0.61, p<0.01), E/A (r=0.21, p<0.05) was found.

An analysis of arrhythmias showed no significant difference between the frequency of supraventricular arrhythmi-
as (AF supraventricular extrasystoles (SES)) in patients with high and normal level of SUA. The differences was found
among ventricular arrhythmias: ventricular extrasystols (VES) II - class IV by B. Lown- M. Wolf and conduction distur-
bances in His-Purkinje system were recorded significantly more often (2.5 times) in patients with hyperuricemia

Patients with high SUA level had significantly higher (42.8 ms) Q-Td, compared with patients with normouricemia
(p<0.05). The assessment of day rhythms of Q-T showed that duration of Q-T was higher at night than during the day
by 20.8 ms, and Q-Td - 20.0 ms. A correlation between the value of Q-Tc and episodes of unstable ventricular tachy-
cardia was found (r=0.42, p<0.05).

The assessment of HRV in patients with postinfarction cardiosclerosis showed that all time indices were reduced,
regardless of the presence of hyperuricemia. However, in patients with large myocardial damage, time indices were
even smaller and critically low - in patients with LV aneurysm, complicated by congestive heart failure (p<0.01). With
the deterioration of the clinical conditions, an average heart rate was significantly increased, directly indicated the
increase of sympathetic tone. However, the increase of sympathoadrenal influences did not result in an increase of the
LF spectrum, but was accompanied by its decline.

The lipid profile of patients with hyperuricemia was characterized by significantly higher indices of TC by, 20.9%,
TG - by 38.1 %, LDL - by 31.8% and lower HDL - 32.8% (p<0.01) in comparison with patients with normal SUA level.
Combined dyslipidemia (67.9% vs. 2.4%) and hypertrigliceridemia (6.6% vs. 2.4%) were dominated among them.

However, patients with hyperuricemia had significantly increased markers of systemic inflammation, particularly
CRP - by 71.4%, IL-1 - 49.9%, TNF o - 76.2% (p<0.01) compared to patients with normouricemia. A correlation was
established between increased levels of SUA and CRP (r=0.7, p<0.01), and TNF-« (r=0.8, p<0.01), and IL-1 (r=0.7,
p<0.01). In addition, it was shown that with increasing of SUA, increasing of CRP, IL-1, TNF-a was observed, which
confirms the role of hyperuricemia in systemic inflammatory response (Fig. 2, 3, 4).
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Figure 2. A linear relationship of uric acid with C-reactive protein in patients with postinfarction cardiosclerosis
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Figure 3. A linear relationship of uric acid with Interleukin 1 in patients with postinfarction cardiosclerosis
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Figure 4. A linear relationship of uric acid with tumor necrosis factor a in patients with postinfarction cardiosclerosis
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The standard treatment contributed to the improvement in 46.7% patients of group I, mainly due to the reduction of
heart failure. However, the target BP levels were achieved only in 36.8% of the patients. After 6 months, a significant de-
crease of LV MM by 10.9 g and LV MI by 9.5 g/m? (p<0.05) were defined, testifying reduction of LV hypertrophy (IVST on
3.5% and PWT LV on 5.6% (p<0.05)). However, the relative wall thickness did not change, which proved the prevalence
of concentric hypertrophy in these patients. Also, the ejection fraction (EF) LV did not changed significantly.

The results of spectral analysis of HRV showed that most patients had an increased sympathetic tone. In 53.3%
patients, SDNN remained at the level less than 100 ms. In addition, they had VES of high grades, no significant dynam-

ics in the duration Q-T interval.
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The standard treatment provided a reduction of most atherogenic fractions of lipids, except TG and SUA, but did
not lead to sufficient growth of HDL. The presence of hypertrigliceridemia and hyperuricemia are negative factors
that do not provide adequate balance in the metabolism of purines and lipids.

A 6-month treatment with eprosartan contributed to the clinical improvement in 80.0 % patients of group Il due
to reduction of heart failure and adequate treatment of hypertension. Target BP was achieved in 60.0% of patients.
LV MM was decreased by 15.6 g, MM LV - 10.5 g/m? and LVEF was increased by 3.7% (p<0.01), decreasing of E by
13.0 sm/s (14.1%) and the growth of A by 18.1 sm/s (23.6%) (p<0.01) were detected. The ratio E/A was decreased
by 0.32 units (26.4%) (p<0.01), and DecT was increased by 3.5 ms (1.8%) (p<0.05). All these changes indicated an
improvement in diastolic LV filling and, consequently, a correction of diastolic dysfunction.

An average heart rate was decreased by 13.1% in the afternoon and 19.7% at night, which was accompanied by
an increased circadian index. The total number of VES was decreased by 73.7% (p<0.01), and the frequency of the ep-
isodes of the paired VES - 84.4% (p<0.05), SES - by 70.6% (p<0.01), and paired SES - by 70.2% (p<0.01), and group
- by_41.4% (p<0.05). At the same time, we observed a significantly increased SDNN on 12.5%, SDNNidx - 22.1%,
SDANN - 10.6%, pNN50% - 24.0%, nHF - 18.0% and reduction of VLF - by 21.8%, LF - 15.2% (p<0.01).

The positive dynamics in the duration of Q-T interval was observed, in particular the average Q-T duration was
significantly decreased by 2.6 ms (p<0.05), maximum - by 8.4 ms (p<0.01), and average Q-Tc - 3.0 ms (p<0.05) and
maximum - by 11.2 ms, Q-Td - by 15.2 ms (p<0.01).

The dynamics of clinical manifestations of the disease, indices of cardiac hemodynamics, arrhythmias, BP in patients
of group IlII, whose treatment included fenofibrate, were similar as in the patients of group I. However, there was ob-
served a significant improvement of lipid and purine metabolism: the contents of serum CH decreased by 26.6%, TG -
39.4%, LDL - 38.4%, VLDL -39.6%, while HDL increased by 30.1 % (p<0.01). The level of SUA was decreased by 37.0%
(p<0.01). The content of CRP decreased by 76.3%, IL-1 - 46.4%, TNF-a - 56.3% (p<0.01). The correlation analysis
showed no relationship between the decrease of lipid atherogenic fractions and CRP (r=-0.08, p=0.5), TNF-a (r=-0.015,
p=0.2), IL-1 (r=-0.18, p=0.2), indicating independence of lipid lowering and anti-inflammatory effects of fenofibrate.

The inclusion of eprosartan and fenofibrate in the treatment contributed to the improvement of the clinical status
in 88.5% of the subjects of group IV due to reduction of arrhythmias, heart failure and control of hypertension. Target
BP levels were achieved in 85.7% patients. The most prominent reduction of LV hypertrophy (14.3 g/m? (6.6%) and
significant (p<0.05) decrease in the size of LA (8.0%) was achieved in group IV. A significant increase of LVEF by 6.2%
(p<0.01) was observed.

The decrease in the average day heart rate by 11.3% and 12.2% at night were found, which was accompanied by
normalization of the circadian index. The total number of VES was decreased by 66.4% (p<0.01), and complete elimi-
nation of episodes of ventricular tachycardia was achieved, polymorphic, early and paired extrasystoles were decreased
by 94.1%. In addition, the total number of SES were reduced by 74.2% (p<0.01), and pair - by 67.2% (p<0.01), and
group - 50.9% (p<0,05). During the follow-up, new paroxysms of atrial fibrillation and supraventricular tachycardia
in patients of this group were not detected. The average duration of Q-T interval was significantly decreased by 9.3 ms
(p<0.05), the maximum Q-Tc - 16.5 ms (p<0.01), and Q-Td - 17.0 ms (p<0.01). At the same time, HRV was significantly
increased: SDNN - by19.7%, SDANN - 29.1% , pNN50% - 26.9% (p<0.01), and RMSSD - 18.8% (p<0.05).VLF and LF
were decreased by 29.6% and 23.2% respectively, HF and nHF were increased on 14.8% and 25.1% (p<0.01).

Sustained lipid lowering, hypouremic and pleiotropic effects were achieved due to the treatment in group IV: the lev-
el of TC was decreased by 21.1%, TG - 44,2%, LDL- 30.1%, VLDL- 43.8%, SUA- 37.5%, the level of HDL was increased
by.30.7% (p<0.01). A significant reduction of CRP by 71.2%, TNF-a - 69.0%, IL-1 - 47.1% (p<0,01) were found.

Summarizing the obtained results, optimized upstream treatment with eprosartan and fenofibrate effectively
influence the process of systemic atherogenesis, which is the pathogenic background of coronary artery disease,
correcting the combined dyslipidemia, hyperuricemia, reducing of systemic inflammation. Long-term blockade of
the renin-angiotensin and sympathoadrenal systems contributes to the reduction of pathological post-infarction re-
modelling, arrhythmogenesis and control of arterial hypertension.

Conclusions

1. Hyperuricemia was associated with intensive post-infarction heart remodelling, manifested in an increase of
myocardial mass of left ventricle ((220.9+6.9) g/m?) and violation of its geometry: concentric (56.6%) and ec-
centric (40.6%) hypertrophy with diastolic dysfunction (relaxation type — 19.8%, pseudonormal - 67.0% and
restrictive - 13.2%). Between elevated uric acid levels, parameters of intracardiac hemodynamics and diastolic
function significant correlation relationship were found (r=0.4-0.6, p<0.01).

2. Patients with postinfarcion cardioscrerosis, associated with hyperuricaemia, were characterized by heteroge-
neity of ventricular repolarisation (dispersion of Q-T more than 70 ms), total vegetative imbalance with a pre-
dominance of sympathetic tone and reduction of time parameters of heart rate variability (SDNN less than 100
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ms). At the same time, they had a significantly (2.5 times) more often recorded ventricular extrasystoles class
[I-IV by B. Lown- M. Wolf and conduction disturbances in the system. His-Purkinje, compared with patients
with normouricemia.

3. Patients with postinfarction cardiosclerosis, associated with hyperuricaemia, in 70.9% cases had combined dys-
lipidemia with hypertrigliceridemia, low levels of high-density lipoproteins, combined with an increased activity
of markers of systemic inflammation. The close correlation was established between increased levels of uric acid
and C-reactive protein (r=0.7, p<0.01), tumor necrosis factor a (r=0.8, p<0.01), and interleukin - 1 (r=0.7, p<0.01).

4. Eprosartan, included in the standard medical treatment, contributed to a significant reduction of left ventricu-
lar hypertrophy (myocardial mass index decreased by 14.3 g/m?) and an increase of ejection fraction from
(46.2+1.2)% to (52.4+1.1)%. Circadian index, heart rate were normalized, the overall number of ventricular
extrasystoles were decreased by 66.4%, episodes of ventricular tachycardia, polymorphic extrasysytoles were
eliminated, the length of Q-Tc interval and Q-T dispersion were decreased by 21.1% and heart rate variability was
increased. Target levels of blood pressure were achieved in 85,7% patients.

5. Fenofibrate, included in in the standard medical treatment, provided sustainable hypouremic, lipid-lowering
and pleiotropic effects, which were manifested by lowering the total cholesterol by 21.1%, triglcerides - 44.2%,
low-density lipoproteins — 30.1%, serum uric acid - 37.5%, C-reactive protein - 71.2%, of tumor necrosis factor
a - 69.0%, interleukin I - 47.1% and an increase of high density lipoproteins - on 30.7%.
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