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Neutrophil gelatinase-associated lipocalin (NGAL) is considered one of the most informative biomarkers of chronic kidney disease
(CKD). NGAL can also serve as a biomarker of cardiovascular disease and heart failure (HF). However, the relationship between
systolic function and serum NGAL concentrations in patients with chronic HF (CHF) of ischemic origin remains insufficiently
studied.

The aim. To study the influence of tubulo-interstitial injury marker NGAL on systolic function in patients with CHF of ischemic origin.

Materials and methods. The study included 51 patients with CHF, stage Il AB, NYHA II-IV FC. Doppler echocardiographic
examination was performed on the device Esaote MyLab Eight (Italy) according to standard methods. NGAL levels were analyzed
using an ELISA kit (E-EL-H0096, Elabscience, USA). Depending to the concentration of serum NGAL, the patients were divided
into 2 subgroups. In the first group (n = 37), the NGAL level was higher than 168 ng/ml, in the second (n = 14) — less than
168 ng/ml.

Results. The mean serum NGAL concentration in the first subgroup was 192 (183; 200) ng/ml, in the second subgroup — 154
(134; 160) ng/ml. The patients with CHF of ischemic origin with tubulo-interstitial injury (according to the serum concentration of
NGAL) did not differ significantly from the patients with CHF of ischemic origin without tubulo-interstitial injury in age (P = 0.950),
height (P = 0.983), weight (P = 0.681), body surface area (P = 0.975). Most of left ventricular systolic function indicators showed
a downward tendency (S 6.90 + 2.85cm/s vs. 7.67 + 2.83 cm/s (P = 0.536); S lat 7.33 + 2.08 cm/s vs. 11.00 + 4.00 cm/s
(P = 0.467); TEILV0.56 £ 0.26c.u.vs.0.49 £ 0.14c.u. (P = 0.747))in the patients with CHF of ischemic origin with elevated
serum levels of NGAL compared to similar indicators in the patients with CHF of ischemic origin without tubulo-interstitial injury.
The index of LVEF was significantly lower in the patients with CHF with elevated serum NGAL compared to that in the patients
with CHF with normal serum NGAL (50.43 + 17.85 % vs. 63.29 + 13.24 % (P = 0.021)).

Conclusions. Serum NGAL was not only the sensitive marker of tubulo-interstitial injury in patients with CHF of ischemic origin,
but also appeared to be a predictor of changes in systolic heart function.

3B’A30K CUCTOAIYHOI PpyHKLIi cepus Ta piBHA NGAL y cupoBaTtLi KpoBi
XBOPUX Ha XPOHiuHy cepueBy HeAOCTATHICTDb iLleMiYHOro reHesy

B. A. AuceHko, B. B. CuBonan, M. C. lMotaneHko

JlinokaniH, acoujioBaHwuit i3 HelTpodinbHO xenatuHasoo (NGAL), BBaxatoTb OHUM i3 HaniH(opMaTMBHILLMX GiomapkepiB
XPOHiYHOT XBOpo6U HMpoK (XXH). NGAL moxe 6yTn Biomapkepom cepLeBO-CyAMHHUX 3aXBOPHOBaHb | CEPLIEBOI HEAOCTATHOCTI.
HepocTaTHbO BYBYEHO NUTAHHS LLOAO 3B'S3Ky CUCTONIMHOI (DYHKLT Y XBOPUX Ha XPOHIYHY cepLieBy HegocTaTHicTb (XCH) iuemiy-
Horo reHesy 3 BMictom NGAL y cupoBaTLi KpoBi.

MeTa po6oTn — ocnigntn 38’30k Mapkepa ypaxeHHst TydynoiHTepcTuuito NGAL i3 cuctonivHot dyHKLUieto y xeopux Ha XCH
iLUEMIYHOTO r'eHesy.

Marepianu Ta metogu. Y pocnimkeHHs 3anyuunm 51 ocoby, sika xsopa Ha XCH iwemiuHoro reHesy, Il A-b cragii, II-IV ©K 3a
NYHA. Jonnep-exokapgiorpadiyHe JoCnimKeHHs BUKOHanM Ha anaparti Esaote MyLab Eight (ITanis) 3a ctaHgapTHOK METOAVKOH.
PiseHb NGAL ananisysanu 3a gonomoroto Habopy ELISA kit (imyHocpepmenTHuiz anania) (E-EL-HO0096, Elabscience, CLUA). 3a
nokasHukamu BmicTy cupoBatkoBoro NGAL xBopux Ha XCH noginunu Ha 2 rpynu: y nepuwiit (n = 37) Lel NokasHWK CTaHOBUB
noHag 168 Hr/mn, y apyrin (n = 14) — MeHwwe Hix 168 Hr/mn.

Pesynesraru. CepegHint ymict NGAL y cuposartui B nepLuii rpyni ctaHosumB 192 (183; 200) Hr/mn, y apyrin — 154 (134; 160) Hr/mn.
XBopi Ha XCH iwemiyHoro reHesy 3 ypaxeHHsim TyGynoiHTepcTuuito (3a BmicTom NGAL y cupoBarLi) BiporigHO He BigpisHanucs
Bin nauijeHTiB i3 XCH ilwemiyHoro reHesy 6e3 ypaxeHHs TybynoiHTepcTuuito 3a Bikom (p = 0,950), spoctom (p = 0,983), Baroto
(p = 0,681), nnoweto nosepxHi Tina (p = 0,975). BinbLUiCTb NOKa3HWKIB CMCTONIMHOI PYHKLi NIBOTO LNYyHOYKa CBigYMIa npo
TeHAEeHLto Ao i 3HmkeHHs (S 6,90 + 2,85 cm/cnpotn 7,67 + 2,83 cmic(p = 0,536); Slat7,33 + 2,08 cm/c npotn 11,00 + 4,00
cmlc (p = 0,467); TEILV 0,56 + 0,26 ym. og. npotn 0,49 + 0,14 ym. oa. (p = 0,747)) y xBopux Ha XCH iuemiyHoro reHesy
3 nigeuweHum pisHem NGAL y cupoBaTLi NOpIBHSHO 3 BigMOBIAHMMM NoKasHWkamu y XBopux Ha XCH iwemivHoro reHesy 6e3
ypaxeHHs TybynoiHTepcTuLito. Mokasnuk ®B J1LL BiporiaHo meHwwii y xBopux Ha XCH i3 nigeuwieHum pisvem NGAL y cupoBarTi
MOPIBHSIHO 3 NOKa3HWKOM NaLlieHTiB i3 XCH i HopmanbHum Bmictom NGAL y cuposarui (50,43 + 17,85 % npotn63,29 + 13,24 %
(p = 0,021)).

BucHoBku. CupoBatkoBuii NGAL — He Tinbku YyTnMBIIA MapKep ypaxeHHs TyBynoiHTepcTuLito HUPoK y xBopux Ha XCH iwemiy-
HOrO r'eHesy, arne i NPeanKTOp 3MiH CUCTONIMHOI yHKLT cepLis.

3anopoxckuii MeguumMHekui xypHan. Tom 23, Ne 2(125), mapt — anpenb 2021 .


https://orcid.org/0000-0001-7502-0127
https://orcid.org/0000-0001-9865-4325
mailto:vladm.d22%40gmail.com?subject=

Original research

B3anmocBA3b CUCTOAMUECKON QYHKLMU cepaua U YpoBHA NGAL B cbiBOPOTKE KPOBH
Y 60AbHBIX XPOHUUECKON CEpPAEYHOM HEAOCTAaTOYHOCTLIO MILEMUUECKOro reHes3a

B. A. AbiceHko, B. B. CeiBonan, M. C. MotaneHko

JInnokanux, accounmnpoBaHHbIi ¢ HenTpodunbHO xenatuHaszon (NGAL), cuuTaloT ogHUM 13 camblx MHGOPMATHBHBLIX GrioMap-
KepoB XpoHuyeckoi 6oneaHm nodek (XBI). NGAL MoxeT 6biTb G11I0MapkepoM Cepae4HO-COCYAUCTbIX 3a60neBaHuii 1 CepaeyHoi
HEeLOoCTaTOYHOCTU. HenoCTaTouHO M3y4eH BOMPOC O B3aMMOCBS3V CUCTONMMYECKON (hyHKLIMM Y BOMBHBLIX XPOHUYECKON CEpAEeYHOM
HegocTatoyHocTbio (XCH) nwemnyeckoro reHesa ¢ copepaqnem NGAL B CbIBOPOTKe KPOBM.

Llenb paboTbl — 1ccnegoBaTh B3aMMOCBSA3b Mapkepa nopaxenus TyoynouHtepctuuma NGAL ¢ cucTonnyeckon doyHKUMENR y
60nbHbIX XCH niuemmnyeckoro reHesa.

Marepuans! v metogbl. B uccnenosarme Bkntounnv 51 6onbHoro XCH miwemmyeckoro reHesa, Il A-b cragum, [1I-IV @K no NYHA.
[onnnep-axokapanorpacuyeckoe nccnenoBaHve NnpoBeaeHo Ha annapate Esaote MyLab Eight (Mtanus) no ctangaptHon meto-
avke. YposeHb NGAL aHanusuposanu ¢ noMoLLbto Habopa ELISA kit (nMmyHocbepmeHTHbI aHanu3) (E-EL-H0096, Elabscience,
CLUA). Mo copepxaHuio coiBopoTodHoro NGAL 6onbHbix XCH pasgenvnu Ha 2 rpynnbl: B nepeoit (n = 37) aT0T nokasatenb Obin
BbiLle 168 Hr/mn, BO BTOpow (N = 14) — mMeHbLue 168 Hr/mn.

Pesyneratbl. CpegHee cogepxaHne NGAL B cbiBopoTke B nepBoii rpynne coctasuno 192 (183; 200) Hr/mn, Bo BTOpoi — 154
(134; 160) Hr/mn. BonbHele ¢ XCH unwemmnyeckoro reHesa ¢ nopaxeHunem TybynonHtepctuums (no cogepxannio NGAL B cbl-
BOPOTKE) IOCTOBEPHO He OTnMyanuch oT nauueHToB ¢ XCH uwemmyeckoro reHesa 6e3 nopaxeHus TyBynouHTepcTiLmMs no
Bo3pacTty (p = 0,950), pocty (p = 0,983), Becy (p = 0,681), nnowaau nosepxHoctn Tena (p = 0,975). BonbLUMHCTBO NoKa-
3aTenei CUCTONMYECKON (PYHKLMW NEBOTO Kenyaoyka CBUAETENbCTBOBANO O TEHAEHLMM K ee cHxeHuio (S 6,90 + 2,85 cmic
npotme 7,67 + 2,83 cm/c (p = 0,536); Slat 7,33 + 2,08 cm/c npotws 11,00 + 4,00 cm/c (p = 0,467); TEILV 0,56 + 0,26y. e.
npotme 0,49 + 0,14 y.e., (p = 0,747))y 6onbHbIx XCH 1iemmnyeckoro reHesa ¢ nosbilLeHHbIM ypoBHeM NGAL B CbIBOPOTKE Mo
CpaBHEHMIO C COOTBETCTBYIOLLMMM NoKasaTensmu nauneHTos ¢ XCH nwemnyeckoro reHesa 6es nopaxeHus TyGynonHTepcTuums.
lMokasatenb ®B /X cywwectBeHHO Hke y 6ombHbIX XCH ¢ noBbilweHHbIM ypoBHeM NGAL B CbIBOPOTKE MO CPaBHEHMIO C MOKa-
3arenem naumeHToB ¢ XCH v HopmanbHbiM cogepxannem NGAL B coiBopotke (50,43 + 17,85 % npotus 63,29 + 13,24 %
(p = 0,021)).

BiiBoabl. CbiBopoTouHbIn NGAL — He TOMbKO HyBCTBUTENbHbIA MapKep NopaxeHus TyBynonHtepcTuums nodek y 6onbHbix XCH

MLLEeMMYECKOro reHesa, Ho 1 npeaukTop U3MEHEHNIA CUCTONMMNYECKON (*)yHKLI,MM cepaua.

Renal dysfunction is one of the most common and important
comorbidities in chronic heart failure (CHF) and is associated
with unfavorable outcome, including mortality [1].

Neutrophilic gelatinase-associated lipocalin (NGAL) is
considered one of the most informative biomarkers of acute
renal failure (ARF) and chronic kidney disease (CKD) [2]. Itis
alow molecular weight glycosylated protein (25 kDa) of the li-
pocalin family, and is encoded by a gene that is expressed
in constantly low amounts in neutrophils, hepatocytes, renal
proximal and distal tubular epithelial cells. In healthy humans,
its serum and urine concentrations are less than 20 ng/ml [3].

NGAL has been shown to be involved in inflammatory,
atherosclerotic processes and may serve as a biomarker of
cardiovascular disease and CHF [2,4].

In patients with CHF, an increase in all-cause mortality
and hospitalization have been associated with NGAL activa-
tion in cardiomyocytes and an increase in its level [5].

Elevated plasma NGAL level in ARF and CKD is cor-
related with an increase in its urine concentration, but does
not reflect genuine kidney damage, since extrarenal NGAL
production rather contributes to these results [3].

Serum NGAL levels may be elevated in patients
with coronary heart disease and CHF, including patients
without renal dysfunction and are correlated with the se-
verity of heart disease. Besides, NGAL has proven its
prognostic significance in the elderly patients without
kidney disease in a study on morbidity and cardiovascular
mortality [6].

However, the relationship between systolic function
in patients with CHF of ischemic origin and serum NGAL
concentration remains insufficiently studied.

Zaporozhye medical journal. Volume 23. No. 2, March — April 2021

Aim
To study the influence of tubulo-interstitial injury marker NGAL
on systolic function in patients with CHF of ischemic origin.

Materials and methods

The study was conducted on the clinical base of the De-
partment of Propaedeutics of Internal Medicine, Radiation
Diagnostics and Radiation Therapy (Zaporizhzhia State
Medical University) in the Cardiology Department of City
Hospital No. 6 (Zaporizhzhia), in accordance with the Good
Clinical Practice guidelines and the principles of the Helsinki
Declaration. The study protocol was approved by the Ethics
Committee of Zaporizhzhia State Medical University.

After obtaining written informed consents, the study
included 51 patients with CHF of ischemic origin, stage Il AB,
New York Heart Association (NYHA) Il-IV functional class
(FC). The diagnosis of CHF of ischemic origin was made in
accordance with the Recommendations for the diagnosis and
treatment of CHF (2017) of the Association of Cardiologists
of Ukraine and the Ukrainian Association of Heart Failure [7].
Doppler echocardiographic examination was performed on
a device Esaote MyLab Eight (ltaly) according to standard
methods [8].

Blood samples were taken in the morning on an
empty stomach and placed into chilled EDTA (ethylene-
diaminetetraacetic acid) vacuum tubes immediately after
collection. Then, the samples were centrifuged for 10 minutes
in a refrigerated centrifuge, and the plasma and serum were
stored at-80 °C. NGAL levels were analyzed using an ELISA
kit (E-EL-H0096, Elabscience, USA) in a diagnostic center
Medlife-Bio (Director —O. S. Ostashinskaya). Sensitivity 0.10
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Table 1. Types of LV geometry in CHF patients with normal or elevated serum NGAL

levels

Type of LV geometry Group of CHF patients with | Group of CHF patients with
normal serum NGAL level, | elevated serum NGAL level,
n=14 n =37

0 %0

Normal 14 % (5 0.1461
Eccentric hypertrophy 58 % ( 8) 70 %(26 0.3846
Concentric hypertrophy 21 % (3) 16 % (6) 0.6759
Eccentric remodeling 21 % (3) 0 % (0) 0.0060
Concentric remodeling 0 % (0) 0 % (0) 1.0000
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ng/ml. The measurement range of the kit is 0.16-10.00 ng/ml
with a variation of the internal analysis coefficient <10 %.
NGAL levels were expressed in ng/m.

The patients were divided into 2 subgroups based on
the concentration of serum NGAL. The cut-off values of NGAL
(168 ng/ml) was obtained by ROC analysis depending on
the composite endpoint (death, acute coronary syndrome
(ACS), stroke, decompensated HF).

In the first group (n = 37), the NGAL level was higher
than 168 ng/ml, inthe second (n = 14) —less than 168 ng/m.
The mean serum NGAL level in the first group was 192 (183;
200) ng/ml, in the second group — 154 (134; 160) ng/ml. The
patients with CHF of ischemic origin with tubulo-interstitial
injury (according to the serum NGAL concentration) didn’t
differ significantly from the patients with CHF of ischemic
origin without tubulo-interstitial injury in age (P = 0.950),
height (P = 0.983), weight (P = 0.681), body surface area
(P = 0.975).

Statistical processing of the material was performed
using the software package Statistica 13.0 (StatSoft, USA),
license number JPZ8041382130ARCN10-J. The Shapiro-Wilk
test was used to ascertain the normality of the quantitative
data. The parameters with normal distribution were given as
the arithmetic mean and standard deviation (M + SD). The
results without normal distribution were demonstrated by
descriptive statistics as median, lower and upper quartiles —
Me (Q25; Q75). The normal and non-normal distributed
quantitative variables in the groups were compared by T-test
or Mann-Whitney test, respectively, after ascertaining the nor-
mality of distribution. The difference was considered statistically
significant at a P-value <0.05. All the tests were two-tailed.

Results

There was no significant difference between the main pa-
rameters of LVDD (P = 0.858), right ventricle (P = 0.423),
left atrium (P = 0.916) in the groups of patients with CHF
with and without an increase in serum NGAL. Nevertheless,
the patients with CHF with elevated serum NGAL levels
were likely to have a greater EDV LV (185.64 + 68.80 ml
vs.178.80 £ 58.74ml,P = 0.042),LVDS (4.46 + 1.25cm
vs. 3.86 + 0.82 cm, P = 0.024) than those in the patients
with CHF with normal serum NGAL levels. On the absolute
wall thickness and left ventricular myocardial mass index
side, the groups of patients with CHF with elevated or nor-
mal serum NGAL levels did not differ statistically, although
there was an upward trend with an increase in serum NGAL
concentration. The relative left ventricular posterior wall
thickness was significantly increased in the patients with
CHF and elevated serum NGAL levels (0.35 + 0.09 cmvs.
0.34 £ 0.14cm, P = 0.029).

Differences in types of left ventricular (LV) geometry
were an increase in the percentage of eccentric hypertrophy
to 70 % with a reduction in eccentric remodeling in the HF
patients with high serum NGAL concentrations (P = 0.006).
Most of the patients in both groups had eccentric hypertrophy
(70 % vs. 58 %, P = 0.3846), but this difference did not
reach statistical significance (Table 1).

The vast majority of the left ventricular systolic function
indicators trended downward (S 6.90 + 2.85 cm/s vs.
7.67 + 2.83 cm/s (P = 0.536); S lat 7.33 = 2.08 cm/s
vs. 11.00 £ 4.00 cm/s (P = 0.467); TEI LV 0.56 + 0.26
ppmyvs. 0.49 + 0.14 ppm (P = 0.747)) in the patients with
CHF of ischemic origin and elevated levels of serum NGAL
compared with those in the patients with CHF of ischemic
origin without tubulo-interstitial injury. LV ejection fraction
(LV EF) was significantly reduced in the CHF patients with
elevated serum NGAL compared to the CHF patients with
normal serum NGAL (50.43 +17.85 % vs. 63.29 £13.24 %
(P = 0.021)).

The vast majority of CHF patients regardless of se-
rum NGAL levels had diastolic dysfunction of “relaxation
disorder” type (57 % vs. 49 %, P = 0.6123) with a slight
predominance of “pseudonormal” diastolic filling pattern of
the LV (35 % vs. 14 %) P = 0.1476) in the CHF patients
with elevated serum NGAL levels. The serum NGAL involve-
ment in pathological heart remodeling in the CHF patients
was evident by correlations between its concentration and
LVDS(r = 0.31;P = 0.02), LVEF (r = -0.40;P = 0.007),
lateral mitral valve annulus diastolic velocity €’ (r = -0.32;
P = 0.02).

Discussion

In physiological conditions, NGAL is expressed at a low level
in the epithelium of a variety of human tissues and organs
including kidney, heart, stomach, lung and colon. Recent
studies have shown an increase in serum NGAL levels in
patients with acute and CHF. Poniatowski B. et al. (2009)
identified serum and urine NGAL as a sensitive early marker
of renal dysfunction in patients with CHF [9].

The GALLANT prospective trial showed that plasma
NGAL level at the time of hospital discharge is a powerful
prognostic indicator of 30 days outcomes in patients with
acute HF. In addition, NGAL was not only a risk predictor for
kidney injury, but it was an overall risk biomarker for cardio-
vascular events in patients with acute HF. NGAL is regarded
as one of the earliest markers synthesized in the kidney
following acute ischemic or nephrotoxic injury [10].

The study results of K. Damman et al. (2008) have
brought out clearly that structural tubular damage is common-
ly associated with increased urinary NGAL concentrations in
patients with CHF [11].

NGAL is an early marker of cardio-renal syndrome in
patients with CHF. Alvelos M. et al. (2011) have estimated a
cut-off value of serum NGAL above 170 ng/ml (AUC = 0.93,
P < 0.001), which was associated with renal function wors-
ening in patients with CHF [12].

In elderly patients (mean age 80 years) with acute
decompensated HF, serum NGAL remained a sensitive
marker of renal injury, although it had only moderate diag-
nostic accuracy [13]. According to M. Chioffi and co-authors
(2013), serial measurements of NGAL in patients with acute
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decompensated HF can accurately predict ARF in the first
days of hospital admission [14].

Our findings on the cut-off value of NGAL (168 ng/ml)
in patients with CHF of ischemic origin were very close to
the cut-off values obtained in the study of M. Alvelos et al.
(2011), which is the best evidence of the NGAL prognostic
potential as the early marker of cardio-renal syndrome.

As regards the relationship between serum NGAL and
LV systolic function in CHF patients, all kinds of opinions on
this issue are worth mentioning here. For instance, K. Dam-
man (2014) in his study showed that serum NGAL did not
significantly correlate with LVEF or NYHAFC, as well as with
other biomarkers such as kidney injury molecule-1 (KIM-1)
and N-acetyl-B-D-glucosaminidase (NAG) [15].

At the same time, K. Shrestha et al. (2012) [16] found a
significant correlation between serum NGAL levels and blood
creatinine (r = 0.68, P < 0.0001) and glomerular filtration
rate (r = -0.69, P < 0.0001), whereas urine NGAL was
weakly correlated with renal function in patients with acute
decompensated HF.

Siasos G. et al. (2014) reported a significantly higher
level of NGAL in patients with CHF (P = 0.007) compared
with healthy individuals. NGAL levels were inversely cor-
related with LVEF in the group of HF patients (r = -0.23,
P = 0.045)[17].

According to our study, LVEF was significantly reduced
in the CHF patients with elevated serum NGAL compared
with that in the CHF patients with normal serum NGAL
(50.43 + 17.85 %vs.63.29 + 13.24 %,P = 0.021).

In a study of E. Martinez-Martinez et al. (2017), a
greater increase in serum NGAL levels were significantly
associated with lower 6-month LVEF recovery in patients
after myocardial infarction (MI). The authors demonstrated
that cardiac NGAL expression was increased at 7 days
after Ml and this effect was dependent on mineralocorticoid
receptors activation. The researchers found elevated plas-
ma NGAL levels in coronary heart disease patients even
without renal dysfunction and correlated with the severity
of the heart disease [18].

In the OPTIMAAL trial, higher serum NGAL levels were
also associated with poor LV recovery in HF patients after
myocardial infarction [19].

Evangelos Oikonomou et al. (2018) analyzed the re-
lationship between NGAL levels and systolic parameters,
loading condition and biomarkers of myocardial fibrosis in
patients with stable HF of ischemic origin. The mean age
in the CHF group was 67 + 13 years, 53 % had diabetes
mellitus and most of them had NYHA Il FC. The median
NGAL level was 159 (107; 207) ng/ml. No correlation was
found between NGAL and age, body mass index, sex, blood
pressure, and blood glucose. At the same time, in the CHF
group, the NGAL level was inversely correlated with LV EF
(rho = -0.31; P = 0.02), but there was no association of
NGAL with the NYHA functional classification (NYHA II:
143 (106; 224) ng/ml vs. NYHA IIl: 167 (112; 241) ng/ml;
P = 0.13)[5].

We have revealed only the downward trend in some
indicators of LV systolic function (S 6.90 + 2.85 cm/s vs.
7.67 + 283 cm/s (P = 0.536); Slat 7.33 + 2.08 cm/s vs.
11.00 + 4.00 cm/s (P = 0.467); TEI LV 0.56 £ 0.26 ppm
vs.0.49 + 0.14ppm (P = 0,747))with the increase in serum
NGAL levels in the patients with CHF of ischemic origin.
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An association between serum NGAL levels and remo-
deling in LV geometry was found. According to the results
of echocardiography in the study of G. Siasos et al. (2014),
53.3 % and 37.2 % of ACS patients demonstrated LV con-
centric hypertrophy and concentric remodeling, respectively.
Eccentric LV hypertrophy was detected in 5.7 % of patients,
and only 3.8 % of ACS patients had normal LV geometry.
The inverse correlation between serum NGAL and LVEF
(r = -0.23, P = 0.045) was obtained [17].

We obtained evidence suggesting a shift in the distri-
bution of LV geometry types towards increased percentage
of eccentric hypertrophy to 70 % with reduced eccentric
remodeling in the HF patients with high serum NGAL con-
centrations (P = 0.006).

Shalenkova M. A. (2018) reported a positive correlation
between both serum and urine NGAL levels and echocardio-
graphic parameters related to systolic function, size and geo-
metry of the LV reporting that NGAL may serve as an additional
biomarker not only of acute renal damage, CKD, but also of
the cardiovascular pathology severity and heart remodeling
in patients after exacerbation of coronary heart disease [21].

In patients with ischemic CHF, elevated serum NGAL
levels were significantly correlated with the clinical stage of
HF [19] and HF FC by the NYHA classification [22].

Numerous studies have supported the prognostic value
of NGAL in patients with cardiovascular disease. Sahi-
narslanA. etal. (2011) have found a 12 times higher incidence
of Ml in coronary heart disease patients with serum NGAL
levels greater than 127 ng/ml [20].

Siasos G. et al. (2014) found a higher serum NGAL level
(266.00 (144.39; 508.20) ng/ml) in a complicated course of
ACS compared to that without complications (172.61 (132.30;
262.68) ng/ml, P = 0.023) [17].

NGAL may also predict worsening of renal function and
the evolution of cardiorenal syndrome earlier than monitoring
serum creatinine levels in patients hospitalized for CHF.

Conclusions

In patients with CHF of ischemic origin, the serum level
of NGAL was not only the sensitive marker of renal tubulo-in-
terstitial injury, but also appeared to be a marker of cardiac
remodeling. An increase in serum NGAL above 168 ng/ml
in patients with CHF of ischemic origin was associated with
the decrease in LVEF by 20 % (P = 0.021).

Prospects for further research are to study the rela-
tionship between markers of tubulo-interstitial injury (KIM-1
and NAG) and cardiac structural and geometric changes in
patients with CHF of ischemic origin.
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