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Abstract. Galectin-3, advanced glycated end-products serum levels, endothelial function and cardiac hemo-
dynamics in post infarction heart failure patients with reduced and preserved ejection fraction. Kuryata O.,
Zabida A., Sirenko O. Epidemiological studies have reported that the rate of signs and symptoms of heart failure after
myocardial infarction is approximately 25%. In addition, approximately 40% of myocardial infarctions are
accompanied by left ventricular systolic dysfunction. Aim.. Aim of the study is to evaluate serum levels of galactin-3,
AGEs and endothelial function, cardiac hemodynamics in post infarction chronic heart failure patients with different
egjection fraction. Materials and methods. All patients are divided into two main groups according to ejection
fraction:I*" group-20 patients with chronic heart failure with preserved ejection fraction, 2" group-15 patients with
chronic heart failure and reduced ejection fraction. Standard laboratory blood tests for erythrocyte sedimentation rate,
haematological parameters, lipid profile, glucose, renal function, echocardiographic examination, endothelial function
determine were performed for all patients. AGEs and galectin-3 serum levels were determined. Results. Patients with
chronic heart failure and reduced ejection fraction and myocardial infarction in anamnesis had significantly increased
left ventricle diastolic volume, left ventricle systolic volume,left ventricle diastolic dimension and left ventricle systolic
dimension (p<0.05).AGEs serum level mildly increased in both groups.Galectin-3 level was significantly higher in pts
with chronic heart failure and reduced ejection fraction(p < 0.05)and was correlated with age(R=0.74, p<0.05), left
ventricle end diastolic volume (R=0.57, p<0.05), left ventricle end diastolic dimension (R=0.48, p<0.05), triglycerides
level (R=0.45, p < 0.05). Most of the patients with chronic heart failure with myocardial infarction in anamnesis had
endothelial dysfunction, the FMD% level was significantly higher in patients with preserved ejection fraction(p<0.05).
Conclusions. Patients with chronic heart failure and reduced ejection fraction are characterized by significantly higher
levels of galectin-3, endothelial dysfunction frequency, cardiac hemodynamics abnormalities.

Pedepar. PiBHi rajgexktuny-3, mpoaykriB KiHmeBoi ruikamii B cupoBaTthi KpoBi, (yHKIiOHATBbHUN CcTaH
eH/IOTEJIII0 Ta cepieBa reMOAMHAMIKA Yy XBOPHX HAa cepUHEBY HEJOCTATHICTH MicC/sl MepeHeceHoro iHpapKTy
Miokapaa 3i 3HMKeHOI0 Ta 30epexkeHol0 ¢pakuicio Buknay. Kypsara O., 3a6ina A., Cipenko O. Enidemionozciuni
00CHIOMNHCEHHSL CBIOUAMb, WO CUMNMOMU CEPYEOi HeOOCMAMHOCMI NIC/isL NePeHeceH020 THPAPKmMY MIioKapoa Maroms
micye npubausno 6 25% xeopux. Kpim moeo, npubnusno 40% ingpapkmis miokapoa cynpogooicytomuvcsi CUCIONIIYHOIO
oucghyukyiero nigoco wiryHouka. Mema Odocniodcenns — oyinumu pisenv eanekmuny-3, AGE 6 cuposamyi xpoei ma
eHOomenianbHy @QYHKYII0, cepyesy 2eMOOUHAMIKY 8 NAYIEHMI8 i3 XPOHIUHOK Cepyesord HeOOCMAMHICMIO Nicis
iHghapkmy 3 piznoro gpaxyicio sukudy. Mamepianu ma memoou. 35 X80pux 3 XpOHIUHOK Cepyesor HeOOCMAMHICMIO HA
mui nepeneceno2o ingapkmy miokapoa sixom 6i0 40 0o 80 poxie Oyau exmoueni 6 docniodcenns. Ilayienmu Oyau
po3nodineni Ha 08i ocHosHi epynu: 1-a epyna - 20 nayicHmia i3 XpoHiuHOI cepyesoro HeOOCMAMHICMIO 3i 30epexrceHoro
@pakyicio euxudy, 2-a epyna - 15 nayicumie i3 XpOHIUHOW cepyesor0 HeOOCMAMHICIIO 3i 3HUNCEHOI PPAKYIEID SUKUOY.
Buxonano cmanoapmnui nabopamophi ananizu Kposi 3 GU3HAUEHHIM 2eMAMON02IYHUX NAPAMEmPI8, JNiOH020 npo@iuro,
2/0K03U, (DYHKYIL HUPOK, exokapoiozpapiune 0OCMeNCeHHs, GUIHAYEHHS QYHKYIOHANbHO20 CMAHY eHOOMEilo.
Busnaueno pisni AGEs ma eanexkmuny-3 y cupoeamyi kposi. Pezynomamu. Ilayienmu i3 xpouiunoio cepyesoio
HeOOCMAamHICmI0 Ma 3HUNCEHOI0 (Qpakryielo eukudy Ha Ml nepeHecenozo iHgapxkmy miokapoa 6 aHaMHe3i Manu
00CMOBIPHO Ui NOKA3HUKU KIHYEB020 OIACMONIYH020 00'eMy 18020 WITYHOUKA, KIHYeB020 CUCMONIYHO20 00'emy
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J1i8020 WLIYHOUYKA, KiHYe8020 OIACMONIYHO20 PO3MIPY 16020 WLYHOUKA Mda KIHYe8020 CUCMOAIYHO20 PO3MIDY 1i8020
winynoyka (p<0,05). Pisenv AGE y cuposamyi kpogi 6y8 nomipHo 30inbuieHum 8 06ox zpynax. Bcmanoseneno ocmogipno
sUWULl piBeHb 2aneKmuHy-3 y XB0pUX 3 XPOHIUHOI cepyesoid HeOOCMAMHICMIO 3i 3HUNCEHOW paKyicio 8ukuoy
(©<0,05), wo kopemoe 3 sikom (R=0,74, p<0,05), xinyesum oiacmoniunum 06'emom nieoeo wnynouxa (R=0,57,
p<0,05)), xinyesum Odiacmoniunum posmipom nieoeo utiyHouka (R=0,48, p<0,05), pisnem mpueniyepuoie (R=0,45,
p<0,05). Binvwicmv nayienmie 3 XPOHIYHOIO CEPYEBOI0 HEOOCMAMHICIMIO 3 IHQAPKMOM MIOKAPOa 6 aHAMHe3l Malu
eHOOmeNianbHy OUCYHKYII, piseHb eHOOMeniu3anedcHol 8azoounimayii 6y8 00CMOSIPHO SUWUM Y NAYIEHMIE 3i
30epescenoro gpaxyicio sukudy (p<0,05). Bucrosku. Xeopi i3 XpOHIUHOW0 cepyedord HeOOCMAMHICIIO MA 3HUICEHOK)

@paxyicio  eukudy xapaxmepusyiomvci OOCMOSIPHO GUWYUM PIGHEM  2deKmuHy-3,

nIOBUWEHOI  YACTNOMOIO

eHOomenianbHoi Ouc@yHKYIl, nopyuleHb cepyegoi 2eMOOUHAMIKU.

Epidemiological studies have reported that the
rate of signs and symptoms of heart failure (HF)
after myocardial infarction (MI) is approximately
25%. Importantly, this finding appears to be in
agreement with the registries of several clinical
trials. In addition, approximately 40% of myocardial
infarctions are accompanied by left ventricular sys-
tolic dysfunction. Therefore, the available data sug-
gest that HF after MI is a very frequent event [2].
Considering the type of cardiac dysfunction follo-
wing MI, most patients present systolic dysfunction.
Recent meta-analysis showed that restrictive mitral
filling pattern, the most severe form of diastolic dys-
function, was presented in approximately 10% of the
patients with preserved ejection fraction. In addition,
restrictive pattern was associated with poor outcome
[8]. However, the true prevalence and relevance of
diastolic dysfunction after MI remains to be elucida-
ted. Another important issue is that the consequen-
ces of cardiac dysfunction after MI are well establi-
shed, and its presence increases the risk of death by
at least 3- to 4-fold 6. Compared with patients without
heart failure and left ventricular systolic dysfunction
after myocardial infarction, patients who have heart
failure and left ventricular systolic dysfunction are at
higher risk for adverse outcomes, including cardiac
rupture, cardiac arrest, stroke, longer hospitalizations,
ventricular arrhythmias, recurrent myocardial in-
farction, and death, including sudden death [2].

Increasing HF severity is associated with NO
imbalance and endothelial dysfunction that mani-
fests in different forms [5]. Besides increasing
afterload due to systemic [8] and pulmonary vas-
cular constriction, altered endothelial function un-
derlies regional vasomotor dysregulation in the renal
and coronary circulation [14].

Decreased coronary of capacity vasodilator endo-
thelium-dependent impairs myocardial perfusion,
reduces coronary flow [7, 12], and worsens ventri-
cular function [5]. The dysfunctional endothelium
contributes to increased vascular stiffness and im-
paired arterial distensibility, augmenting myocardial
damage [9, 10, 11]. NO imbalances also alter matrix
metalloproteinases, which affect cell migration, cardiac
hypertrophy, and atherosclerotic plaque stability [14].

Increased endothelin-1 in HF causes increased
vascular resistance, smooth muscle cell growth, and
matrix production, resulting in vascular remodeling,
endothelial dysfunction, and HF progression. Re-
duced NO in HF affects endothelial progenitor cells,
disabling endothelial repair and regeneration.

Advanced glycated end-products (AGEs) are
end-products formed by oxidative and non-oxidative
reactions between sugars and proteins [11]. AGEs
form cross-links with long-living tissue proteins,
which cause them to accumulate in the body over
time. AGEs can bindto the receptor of AGE (RAGE)
and thereby induce cardiovascular dysfunction [1]
RAGE has a C-truncatedsecretory isoform, soluble
RAGE (sRAGE), that circulates in plasma [17].
sRAGE has been proposed to have an atheroscle-
rotic-protective function [4, 13]. However, AGE-
RAGE interaction can also cause inflammation and
increased AGE-accumulation. AGE-accumulation in
turn can cause up regulation of RAGE [16]. Through
decreased compliance of the heart and the vascu-
lature, AGE accumulation is considered to be related
to the onset and progression of HF [1].

Galectin-3 is a member of the family of soluble
b-galactoside-binding lectins and it plays a crucial
role in several diverse biological processes and di-
seases [12]. At the same time it is also associated
with increased age, diabetic nephropathy, fibrotic
conditions such as liver fibrosis [7], renal fibrosis,
idiopathic lung fibrosis and chronic pancreatitis [15].
Recently it has drawn greater attention to its con-
tribution in the pathophysiology of HF since it has
been shown that galectin-3 promotes cardiac fibro-
blast proliferation, collagen deposition, and ventri-
cular dysfunction.

Aim of the study is to evaluate serum levels of
galectin-3, AGEs and endothelial function, cardiac
hemodynamics in post infarction chronic heart fai-
lure patients with different ejection fraction.

MATERIALS AND METHODS

Baseline Study

The study was conducted with the approval from
the Ethics committee at State Establishment “Dnip-
ropetrovsk medical academy of Health Ministry of
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Ukraine” according to principles outlined in the
Helsinki declaration.

Inclusion criteria: patients with myocardial in-
farction in anamnesis(>6 months) and chronic heart
failure (HF) (ESC, 2016) aged from 40 to 80 years.
Patients with acute myocardial infarction (<6 months),
2" and 3" degree heart block, diabetes mellitus
(DM), renal failure (glomerular filtration rate:
GFR<30 ml/min/1.73m?), hepatic failure, and cancer
were excluded. All patients got standard treatment
for HF according to ESC guidelines 2016 [6].

Standard laboratory blood tests for erythrocyte
sedimentation rate, haematological parameters, lipid
profile, glucose, renal and liver function tests were
performed and body mass index (BMI) for all pa-
tients were calculated.

Echocardiographic examination was made by
«VIVID 3», GE Medical Systems - USA in B, M,
2D, CFM, PW - mode pulse sensor 3S (3,5 MHz).
Brachial artery measurement: brachial artery (BA) dia-
meter, determining flow mediated dilatation (FMD)%
and obtaining baseline and hyperemic BA flow velo-
cities and deriving the respective flow volumes.

The fluorescent(f) AGEs in plasma were ana-
lysed by quantitative autofluorescence (fluorimeter
Hoefer DQ 2000,USA) with fixed spectrum of ex-
citation at 460 nm with 20% quinine solution as a
standard with results expressed with conversion to
glycated albumin.

Galectin-3 blood levels were measured by im-
munoassay analysis using the “Human Galectin-3
Platinum ELISA” kit (GmbH, Austria) on the Stat
Fax 2100 (USA) immunoassay plate analyser.

Statistical analysis

In order to accomplish the analysis of data, we
used statistical program V.6.1 (StatSoft inc), and
“Excel 2013” Microsoft. Data are shown as number
of subjects (%) or median[interquartile range(IQR)
because data are not normal distribution.

The Mann-Whitney U-test and Wilcoxon test were
used to analyze differences between two independent
and dependent groups respectively. Correlation coef-
ficient Spearman (R) was calculated. A p value <0.05
was considered statistically significant.

Study design

First group (n=20) pts with HF and preserved
ejection fraction (EF)>45% (HFpEF), second group
(n=15) - pts with HF and reduced ejection fraction
(EF)<45% (HFrEF).

RESULTS AND DISCUSSION

Clinical characteristics of patients were sum-
marized in table 1.

Arterial Hypertension (AH) was estimated in
24 (69%) points, 1% degree — in 8 (23%), 2™
degree — in 16 (45%). Increased body mass index
—in 22 (63%) pts, increased waist circumference —
in 12 (34%).

Table 1
Baseline characteristics of the study population
1* group 2ndgroup P
Characterstics Post infarction CHFpEF Post infarction CHFrEF
value
(n=20) (n=15)

Gender Males(%) 17(85%) 13(87%) -

Females(%) 3(15%) 2(13%) -

Heartfailurefunctional class 2™ FC 12(60%) 4(27%) -

(NYHA), %

3" FC 8(40%) 11(73%) -
Age (years) M=+m 59 [53;77] 66 [62;71] 0.023
Body mass index (BMI) M+m 28.4 [27.5;29.8] 27.7 [27529.9] 0.145
Heart rate (beat/minute) M=+m 72 [68;78] 76 [68;89.5] 0.312

Atrial fibrillation (%) 5(25%) 6(40%) -

Arterial hypertension (%) 17(85%) 8(51%) -
Glomerular filtration rate (GFR) M+m 84.4 [65.7;92.5] 86.6 [78.0;88.6] 0.153
Blood glucose mmol/l M=m 5.2 [4.9;5.4] 5.5[5.3;7.4] 0.098
Cholesterol mmol/l M=+m 4.9 [4.4;5.8] 4[3.3;4.9] 0.031
Triglycerides mmol/l M=+m 1.7 [1.252.4] 0.9 [0.8;1.2] 0.027
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Postinfarction HFpEF patients had significantly
higher cholesterol level and triglycerides (p<0.05).
In the same time post infarction HFrEF patients we-
re significantly older in age (p<0.05). There were no
significant differences between the other indicators.

It was established significant differences between
echocardiographic indicators (table 2). Particularly,
HFrEF patients with MI in anamnesis had signi-
ficantly increasing levels of left ventricle end diasto-
lic volume (LVEDYV), left ventricle end systolic

volume (LVESV), left ventricle end diastolic di-
mension (LVEDD), left ventricle end systolic
dimension (LVESD) on 37.6%, 62.3%, 18.5% and
33.3% respectively (p<0.05). The EF level was
correlated with age (R=-0.72, p<0.05), the LVEDV
level (R=-0.67, p<0.05), total cholesterol level
(R=0.48, p<0.05), triglycerides level (R=0.42,
p<0.05). There was significant correlation between
LVEDD and age (R=0.68, p<0.05),GFR (R=-0.57,
p<0.05).

Table 2
Echocardiographic parameters in both groups
1* group 2ndgroup
Post infarction CHFpEF Post infarction CHFrEF p
(n=20) (n=15)

Left ventricle ejection fraction (EF) ,% 57 [51.5:65] 40 [31:40.5] 0.003
M<m = i :
Left ventricle end diastolic volume (LVEDV) ml 133.5 [116.3;143.3] 214 [183;224.7) 0.006
M-tm . .3;143. 3224, .
Left ventricle end systolic volume (LVESV) ml 53 [39.5;73] 140.5 [103;153.7] 0.021
M=+m (4] B 5 . .
Left ventricle end diastolic dimension (LVEDD) cm . .
Mtm 5.3 [5.0;5.4] 6.5 [656.7] 0.015
Left ventricle end systolic dimension (LVESD) cm 3.6 [3.454.1] 5.4 [4.7;5.6] 0.024
M-tm .6 [3.4:4. .4 [4.7:5. .
Left atrium size (LAS) em 4[3.9:4.2] 4.6 [4.3;5.0] 0.141

Mzm

The median AGEs level was 1.6 [1.1;1.9]. There
were no significant differences between AGEs level
between study groups. The AGEs level correlated
with GFR (R=-0.62, p<0.05), LVEDV (R=0.63,
p<0.05). The median galectin-3 level was 6.9
[6.3;10.6], significant difference in galectin-3 level

was established depending on EF level in pts with
HF (p<0.05) (table 3). The galectin-3 level was
significantly higher by 12.5% (p<0.05) in pts with
HFrEF and correlated with age (R=0.74, p<0.05),
LVEDV (R=0.57, p<0.05), LVEDD (R=0.48,
p<0.05), triglycerides level (R=0.45, p<0.05).

Table 3
Serum levels of AGEs and galectin-3 differences
1* group 2nd group
Post infarction CHFpEF | Post infarction CHFrEF P
Advanced glycated end products (AGE)mg/ml 1.6 [1.4;1.9] 1.6 [1.2;1.8] 0.204
Galectin-3ng/ml 6.3 [5.8;9.1] 7.2 [6.9;10.8] 0.041

The FMD% level was significantly higher in 1st
group pts. (fig.). The majority of patients with
HFpEF, HFrEF and myocardial infarction in the
anamnesis had endothelial dysfunction — 15 (75%)

and 15 (100%). The FMD% level correlated with
age (R=-0.64, p<0.05), GFR (R=0.52, p<0.05),
LVEDV (R=-0.63, p<0.05), galactin-3 level
(R=-0.72, p<0.05).
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FMD%

4,8

O HFpEF

EIHFrEF

FMD% level in pts with HF with different EF

CONCLUSION
1. HFrEF patients with MI in anamnesis had
significantly increased left ventricle diastolic volu-
me, left ventricle systolic volume, left ventricle dia-
stolic dimension, left ventricle end systolic dimension.
2. AGEs serum level was mildly increased in
patients with HFpEF and HFrEF.

3. Galectin-3 level was significantly higher in pts
with HFrEF and correlated with age.

4. Most of the patients with HFpEF, HFrEF had
endothelial dysfunction but the FMD % level was
significantly higher in HFpEF pts.
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