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OcTpaTa gekomneHcupaHa cbpaeyHa HegoctatbyHocT (OOCH) ocTaBa Bogella npuyMHa 3a xocnuTanuaaums
1 3Ha4MM NpeaukTop 3a HebnaronpusTHa NPOrHO3a BbMPEKM NPUNOXKEHUETO HA CbBPEMEHHA MeAUKaMEHTO3Ha
Tepanus. LlenTa Ha HacTOSALOTO peTPOCNEKTUBHO KOXOPTHO NpoyyBaHe € Aa ce uaeHTuduumpar nabopatopHu
Bromapkepm, acouumpanu ¢ NOBULLEH PUCK OT MOBTOPHA xocnutanuaauus npu nauveHTtu ¢ OACH. AHanusnpa-
Hu ca 100 nauueHTW, NpocnefeHn 3a nepuog oT 24 mecela cnef M3nNUCBaHe B eyBONEMUYHO ChCTOSIHME W Ha
onTumanHa Tepanus. M3cnegsanu ca NT-proBNP, hs-TponoHuH, xemornobuH, cepymeH Hatpui, FIB-4 nHaekc un
cboTHoweHne CRP/anbymuH. YUpes Cox nponopyuoHaneH xa3apLeH MOLEN ca yCTaHOBEHU HE3aBUCUMM MPOrHOC-
TUYHN haKTOPH, KaTo Hal-cunHa acoumaums nokassa NT-proBNP (HR = 2.000; p = 0.045). 3Haunma npeankTueHa
CTOWHOCT MMaT CbLLO hs-TPONOHUH, XeMornobuH, HaTpuit u FIB-4 unpekc (p < 0.05). Kaplan-Meier aHanuabT no-
ka3Ba Hali-HebnaronpusaTHa npexuesemocT 63 cbOuTMe Npu NaLMEHTN CbC CbpAeYHa HeJOCTaTbYHOCT C HUCKA
bpakuus Ha natnacksaHe. [laHHUTe nog4yepTaBat 3Ha4MMOCTTa Ha MynTMNapaMeTpUiHUs NOAXOS NPU OLEHKa Ha
pucka B KNMHWYHATa NpakTuka 1 HeobX0ANMOCTTa OT NEPCOHANM3MPaHo NpocneasBaHe U TepaneBTMYHa CcTpaTe-
rusi pu BUCOKOpMCKoBM nauneHtn ¢ OOCH.
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Acute decompensated heart failure (ADHF) remains a leading cause of hospital admission and is associated with poor
clinical outcomes, despite the implementation of guideline-directed medical therapy. This retrospective cohort study
aimed to identify laboratory biomarkers predictive of rehospitalization in patients admitted with ADHF to a tertiary cardiac
intensive care unit. A total of 100 patients were included and followed for 24 months after discharge in a euvolemic
state on optimized heart failure therapy. Laboratory parameters assessed prior to discharge included NT-proBNP,
high-sensitivity troponin | (hs-Tn 1), hemoglobin, serum sodium, FIB-4 index, and C-reactive protein/albumin ratio.
Cox proportional hazards modeling identified several independent predictors of rehospitalization, with NT-proBNP
demonstrating the strongest association (HR = 2.000; p = 0.045). Additional significant predictors included elevated
hs-Tnl, reduced hemoglobin, hyponatremia, and increased FIB-4 index (all p < 0.05). Kaplan-Meier survival analysis
revealed the poorest event-free survival among patients with HFrEF. These findings highlight the clinical value of a
multiparametric risk assessment approach at discharge, to guide individualized monitoring and therapeutic strategies in
patients with ADHF.
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BbBEOQEHME

OcTtpata pQekomneHcupaHa cbpgedyHa HegocTta-
TbyHoCT (OOCH) e yecta TepMuHanHa nssBa Ha Cbp-
AeYHO-CbaoBK 3abonsBaHus, cBbp3aHa C xeMoguHa-
MWUYHN HapPyLLEHWs!, yBpeXaaHe Ha TapreTHU OpraHun un
YecTn HeoyakBaHu xocnutanusauuu [1-3]. MNMauneHTn-
Te ¢ OJCH nmaT BMCOK pUCK OT KpaTKOCPOYHa CMbPT-
HOCT ¥ MOBTOPEH MPUEM, KOETO BOAWN A0 3HAYUTEMHU
pasxoam U yTexHsiBaHe Ha 3gpaBHaTta cuctema [4, 5].
3abonsiBaHeTO YECTO € CbMPOBOAEHO U C yBpeXaaHe
Ha 6bOpeuu, YepeH Apod, MO3bk U 6enu gpobose,
KOETO fonpuHacs 3a HebraronpusiTHust usxog [6, 7].

3a nporHo3upaHe Ha MOBTOPHa XocnuTanu3auus
ca NpeanoXeHy pasnuyHU PUCKOBU cKanu, 6asupanu
Ha haKTopW KaTO HUBA Ha HATPUYPETUYHU MEnTUAMW,
NPOABIMKUTENHOCT Ha MPecTosl, NPeaxo4HM XocnuTa-
nusaumm, octatbyHa KOHrectusi, 6bbpevHa pyHKLMSA
[8-11]. Bbnpekn Hanuumeto Ha Te3n MNPOrHOCTUYHMU
MOZENV PUCKBT OT MOBTOpPHA XOCMUTanu3auus mpu
naumeHTute ¢ OOCH Bce olle ocTaBa HeJOOLIEHEH B
pyTUHHaTa KNMHWYHA NpakTuKa.

LlenTa Ha HacToSILLOTO NpoOyYBaHe e fa ce ycTaHo-
BAT GMOMapKepu, KOMTO Aa NpeackakaT Kou naumeHTu
Ca pUCKOBU 3a MOBTOPHA XOCNUTanu3auus B peanHata
KNMMHUYHA NpakTUKa B UHTEH3UBHO KapAMOMOMMYHO OT-
AerneHne Ha yHuBepcuteTcka MHoronpodunHa 6onHu-
ua. Tosa 61 61O NONE3HO ¢ ornes Ha CTPUKTEH KOHTPON
N CBOEBPEMEHHA KOPEKLUA Ha pUCKOBUTE hakTopu.

MATEPUAN U METOOMU

PeTpocnekTnBHa koxopTa oT 358 nopeaHun naumeH-
™, npuetn B KnnHukata no kapguonorns Ha YMBAIJI
,Lapuua MoanHa — UCYN* ¢ anarHosa CH B nepuoga
oT siHyapwu fo aBryct 2023 r., 65ixa CKpMHMpaHM 3a yyac-
Tve B npoy4ysaHeto. O6wo 100 nauneHTn oTroBapsixa
Ha KpuTepuuTe 3a BKM4YBaHe — ¢ amarHoda OLCH,
npuety B IHTEH3UBHO KapamMonornyHo otaenexue. MNa-
LMEHTN C OCTbP KOPOHapeH CMHAPOM, KbpBeHe, 0cTpa
MH(EKUMS, 3HaYMma aopTHa CTEeHO3a, Texka Jec-
HOCTpaHHa CbpAeyHa HeJoCTaTbYHOCT, YepHOApPOOHa
LMpo3a, OHKOIOrMYHO 3abornsBaHe 1 Texko 6bbpeqHo
yBpexaaHe 6s1xa U3KMYeHN OT NPOYYBaHETO.

MbpBUYHaTa KpanHa Len Ha npoyyBaHeTo belle
nbpBaTa xocnuranu3aums no NoBof AeKoMNeHcauums
Ha cbpdedyHa HefoCTaTbYHOCT Cred U3MNUCBAaHETO.
Xocnutanuasaumsa 3a CH Gele geduHupaHa kaTo He-
nnaHvMpaH 6onHUYEH Npuem, CBbP3aH C KIMHUYHO BO-
WwaBaHe Ha cumntomuTe Ha CH (3agyx, opTonHes, ne-
pudpepHn otoumn, 6enogpobHa KOHrecTusl), U3MCKBaLL
WHTPaABEHO3HO OWYPETUYHO NeyeHne u/vnym npomsHa
B TepaneBTUYHUS pexum. [aHHWTe 3a xocnutanuaa-
umMnTe B6sixa cbOMpaHM MPOCMEKTUBHO MO BPEME Ha
npocrnegsBaHETO 4pe3 PedoBHM KOHTPOSHWU BU3UTMH,

INTRODUCTION

Acute decompensated heart failure (ADHF) is a
common terminal manifestation of cardiovascular dis-
eases, associated with hemodynamic disturbances,
target organ damage, and frequent unexpected hospi-
talizations [1-3]. Patients with ADHF have a high risk of
short-term mortality and readmission, leading to signifi-
cant costs and burden on the healthcare system [4, 5].
The condition is often accompanied by damage to the
kidneys, liver, brain, or lungs, which contributes to the
unfavourable outcome [6, 7].

Various risk scores have been proposed to predict
hospital readmission, based on factors such as natri-
uretic peptide levels, length of hospital stay, previous
hospitalizations, residual congestion, and renal func-
tion [8—11]. Despite the availability of these prognostic
models, the risk of readmission in patients with ADHF
remains underestimated in routine clinical practice.
The aim of the present study is to identify biomarkers
that can predict which patients are at risk for readmis-
sion in real-world clinical practice in a cardiac intensive
care unit of a university multiprofile hospital. This would
be beneficial in terms of strict monitoring and timely
correction of risk factors.

MATERIAL AND METHODS

A retrospective cohort of 358 consecutive patients
admitted to the Cardiology Clinic of the University Mul-
tiprofile Hospital for Active Treatment “Queen Joan-
na — ISUL” with a diagnosis of heart failure during the
period from January to August 2023 was screened for
participation in the study. A total of 100 patients met the
inclusion criteria — with a diagnosis of acute decom-
pensated heart failure, admitted to the cardiac inten-
sive care unit. Patients with acute coronary syndrome,
bleeding, acute infection, significant aortic stenosis, se-
vere right-sided heart failure, liver cirrhosis, oncological
disease, and severe renal impairment were excluded.
The primary endpoint of the study was the first hos-
pitalization due to decompensated heart failure (HF)
after discharge. HF hospitalization was defined as an
unplanned hospital admission associated with clinical
worsening of heart failure symptoms (dyspnea, ortho-
pnoea, peripheral edema, pulmonary congestion) re-
quiring intravenous diuretic therapy and/or adjustment
of the therapeutic regimen. Data on hospitalizations
were collected prospectively during follow-up through
regular clinic visits, telephone contacts, and review of
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TeneOHHM KOHTaKTM WU MnpoBepka Ha OonHWYHaTa
OOKyMeHTaums. Bcnykm naumeHTn 6sixa usnucaHun B
€YyBONEMUYHO CbCTOSIHUE, Ha ONTMMarHa MeankaMeH-
TO3Ha Tepanusi Cnopes akTyanHuTe Npenopbku, 1 bsxa
npocrnefeHn 3a nepuog OT 2 roguHWM Mo OTHOLUEHWE
Ha MOBTOpHa XocnuTanusaums. EyBonemudeH ctatyc
npu nanuceaHe Gele aedunHMpaH Kato OTCbCTBUE Ha
KIMMHWYHM M MHCTPYMEHTanHu 6enesy Ha KOHrecTusl.
KnvHuyHaTa oueHka BKYBaLle furnca Ha OpTOornHes,
XpUnoBe, trynapHa BeHo3Ha aunataumsi n nepndepHun
oToum, CTabuIHO TenecHO Terno npes nocnegnute 48
Yyaca 1 fMnca Ha Hyxga OT KOPeKUUs Ha OuypeTudHa-
Ta Tepanusa. VIHCTpymeHTanHaTa OLueHKa BKI4BaLle
f6enogpobeH ynTpa3eyk (£ 5 B-nuHuu B 8 ctaHgapTHu
30HM) 1 exokapauorpadcka OLeHKa Ha [orfHa npasHa
BeHa (guameTbp < 21 mm 1 pecnvpaTopeH Konanc >
50%). MNauuneHTUTE, KOUTO OTroBapsixa Ha BCUYKM Te3n
Kputepuun, ce onpegensixa kato eyBONeMWUYHW npu
nanuceaHe. JlabopaTtopHuTe u3cnenBaHWUsi BKIHOYBa-
Xa MbfHa KpPbBHA KapTuMHa, CTaHgapTHa Guoxumus,
BUCOKOYYyBCTBUTENEH TponoHuH, NT-proBNP u C-pe-
aktmeeH npotenH (CRP), n3sbplueHn npu nauneHTu-
Te B eyBONEMUYHO CbCTOSIHME mpeaun usnuceaHe. Ha
0asarta Ha nonyyeHute nabopaTopHu pesyntatn bsaxa
nauncnenu FIB-4 nngekc (n3uncnsiea ce Ha 6asarta Ha
YeTMpKu MnokasaTens: Bb3pacT, CTOMHOCTM Ha ASAT u
ALAT, kakTo 1 Gpoi TpoMOOUUTM) U CbOTHOLLUEHUETO
CRP/anbymuH kato onmbrHUTENHUM BMoMapkepwu, no-
TEeHUManHo CBbp3aHu ¢ NporHosara.

Exokapgwuorpacdpckoto mnacnegsaHe 6e npoBeneHo
no cTaHZapTeH NPOTOKON Ype3 ABypa3MepHa exokap-
anorpadums, ¢ nsdmcnssaHe Ha pakumsta Ha ustnac-
kBaHe (®W) no metoga Ha CMMNCBH, OLEHKa Ha knan-
HaTa PyHKUMS, ouacTonHata PyHKUMS, NySIMOHANTHOTO
HansraHe M HanM4MeTo Ha MyNMOHarnHa XMMNepTOHUS.
lMpocrnensBaHeTo ce OCbLUeCTBM 4Ype3 ambynaTopHu
nperneau, a npu yact ot naumeHTute (18%) — upes Te-
nedOHEH KOHTaKT.

3a obpaboTka n aHanu3 Ha gaHHWTe Belue n3nons-
BaH cTaTncTmyeckn codtyep. M3sbpLueH 6e geckpuntu-
BEH aHanus, 4Ype3 KOMUTO ce NpeacTaBaAT gemorpadcku-
T€ W KNUHWYHWUTE XapaKTEPUCTUMKM Ha u3criegBaHara
nonynauusi. KateropmanHmte NpoMeHNUBK, BKITHOYUTEN-
HO pasnpeaeneHneTo no non 1 HanNMYneTo Ha KOMopou-
antetn, 6sixa cpaBHEHU Mexay rpynute ¢ NoMoLuTa Ha
xun-kBagpart (x?) TecT. 3a CpaBHEHME HA KONMYECTBEHU
NPOMEHNMBM C HOPMarHo pasnpegeneHne bGewe uns-
non3saH ANOVA (aHanu3 Ha BapuauusaTta).

3a oLeHKa Ha MPOrHOCTMYHAaTa CTOMHOCT Ha OTAENHU-
Te NPOMEHINBU CNPSIMO BPEMETO A0 NMOBTOPHA XOcnuTa-
nu3auusi 6e NPUNOXeH perpecuoHeH aHanma no mogena
Ha Kokc (Cox proportional hazards regression analysis).

Cnep nocturaHe Ha KrMHWYHA KOMMEHCaUnUst U ns-
niceaHe, nauneHTUTe bGsixa cTpaTMduuMpaHn B Tpu
noarpynu B 3aBmucumocT ot O — ¢ peayumpana (HFrEF),

hospital records. All patients were discharged in a eu-
volemic state on optimal medical therapy according to
current guidelines and were followed for a period of 2
years regarding rehospitalization.

Euvolemic status at discharge was defined as the
absence of clinical and instrumental signs of conges-
tion. Clinical assessment included absence of orthop-
noea, rales, jugular venous distention, and peripher-
al edema, stable body weight over the preceding 48
hours, and no need for adjustment of diuretic therapy.
Instrumental assessment included lung ultrasound (<
5 B-lines in 8 standard zones) and echocardiographic
evaluation of the inferior vena cava (diameter < 21
mm and respiratory collapse > 50%). Patients meet-
ing all these criteria were classified as euvolemic at
discharge.

Laboratory tests included complete blood count,
standard biochemistry, high-sensitivity troponin,
NT-proBNP, and C-reactive protein), performed in the
euvolemic state before discharge. Based on the ob-
tained laboratory results, the FIB-4 index (calculated
based on four parameters: age, levels of aspartate
aminotransferase — ASAT, alanine aminotransferase —
ALAT, and platelet count) and the CRP/albumin ratio
were calculated as additional biomarkers potentially
related to prognosis.

Echocardiographic examination was performed ac-
cording to a standard protocol using two-dimensional
echocardiography, including ejection fraction calcula-
tion by the Simpson’s method, and assessment of val-
vular function, diastolic function, pulmonary pressure,
and the presence of pulmonary hypertension. Fol-
low-up was conducted through outpatient visits, and in
some cases, via telephone contact.

Statistical software was used for data processing
and analysis. A descriptive analysis was performed to
present the demographic and clinical characteristics
of the study population. Categorical variables, includ-
ing sex distribution and the presence of comorbidities,
were compared between groups using the chi-square
(x?) test. For comparison of continuous variables with
normal distribution, analysis of variance (ANOVA)
was used.

To assess the prognostic value of individual vari-
ables in relation to the time to readmission, Cox propor-
tional hazards regression analysis was applied.

After achieving clinical compensation and dis-
charge, patients were stratified into three subgroups
according to ejection fraction — with reduced (HFrEF),
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neko pegyuupaHa (HFmrEF) n 3anaseHa dpakums Ha
natnacksaHe (HFpEF), cbrnacHo aktyanHuTte npenopb-
kv Ha EBponerickoTo KapgamnomnornydHo apyxectso. [po-
BeAeHN Osixa OOMbIHUTENHM CPaBHEHWSI Mexay nog-
rpynute ¢ orneq Ha naeHtTuduumpaHe Ha cneumguyHmn
Oromapkepu 1 KnMHUYHM hakTopu, CBbpP3aHU C MOBU-
LLIeH PUCK OT MOBTOPHA XOCNUTanu3awuus.

C uen aHanu3 Ha BpeMeTo [0 MbpBa pexocnuTanu-
3auus nopagu AeKoMneHcMpaHa cbpaeyHa HegocTaTby-
HoCT Gele naroteBeHa Kaplan-Meier kpuBa Ha npexues-
emMocT 6e3 cbbutne. 3a cvbute ce nNpue moemopHa
xocnumanusayusi ¢ KJIUHUYHa KapmuHa Ha cbpoey-
Ha dekomneHcayus. NauneHTnTe, KOUTO He Osixa pe-
XOCMUTanu3npaHy B pamkuTe Ha nepvoda Ha npocnegs-
BaHe, OsIxa TpeTMpaHn KaTo LieH3yprpaHn Criy4au.

AHanmsbT Gele cTpatuduumpaH cropen Tuna Ha
cbpaevHata HegoctatbyHocT — HFrEF, HFmrEF n HFpEF.

CpaBHeHMETO Mexay TpuTe rpynu belue nssbplLue-
HO 4pes log-rank TecT c Len ycTaHOBSABaHe Ha cTaTuc-
TUYECKN 3HAYMMK pasnmuusa B npexmnssemMoctta 6e3
pexocnutanmsaumsi.

PE3YNTATH

WNacnegsanata rpyna naumeHtn Oe pasgeneHa
Ha 3 mogrpynu B 3aBucumocTt oT PU: HFrEF (n = 32),
HFmMEF (n = 23), HFpEF (n = 45). Jemorpadckute 1
KINVHUYHWTE XapaKTepPUCTUKN ca NpeAcTaBeHn Ha Tabn.
1. Cpen v3cnenBaHuTe naumeHTn npeobnagasa MbXx-
kus non B rpynute ¢ HFrEF (n = 22; 68.8%) n HFmMEF
(n = 13; 56.5%), [okato >xeHckusa non npeobnagasa B
rpynata HFpEF ( n = 33; 73.3%).

Cratnctmyeckn 3Haymma pasnvka mma B pasmnpe-
AereHneTo Ha ncxemmyHata 6onecT Ha CbpLeTo Mex-
ay rpynute, kato npeobnagasa npu HFrEF, HFmMEF.
TakaBa TeHOeHUMs ce Habrogasa u B pasnpegerne-
HMeTo Ha gucnimnuaemusTa. [NaumeHtute ¢ HFrEF ce
Npe3eHTUpaT C No-BUCOKa CbpAevHa YecToTa CnpsiMo
ocTaHanuTe rpynu.

JlabopaTtopHute mapkepu B u3cregBaHuTe rpynu
ca npeacrtaBeHu Ha Tabnuua 2.

CpegHata cTonmHOCT Ha xemornobuna (Hgb) e 3Ha-
YMMO no-Hucka npu naumeHTute ¢ HFpEF (127.0
20.5 g/L), B cpaBHeHue c rpynute ¢ HFrEF (1354 +
21.2 g/L) n HFmEF (141.1 £ 18.9 g/L), kaTto pasnvkaTta
e cTatuctudeckn 3Hadmma (p = 0.022).

He ce ycTaHOBMXa CTaTUCTUYECKN 3HAYUMU Pa3nn-
K/ MEXOy TpUTE rpynu Mo OTHOLLEHWE Ha CTOMHOCTUTE
Ha neskoumnTuTe (Leuc; p = 0.577), TpombouutuTe (PIt;
p = 0.792), HeyTpoUNHO-NMMEPOLUTHO CHOTHOLLEHWE
(NLR; p = 0.358), cepymHusa kpeatuHuH (Creat; p =
0.352), kpeatuHuHoBus knupbHC (Creat Cl; p = 0.986),
cepymuug Hatpun (Na; p = 0.092), nukouyHaTta Kucenu-
Ha (p = 0.343), anbymuHa (Alb; p = 0.705), AST (p =
0.290), ALT (p = 0.170), CRP (p = 0.858), hsTnl (p =

mildly reduced (HFmrEF), and preserved ejection
fraction (HFpEF), in accordance with current recom-
mendations of the European Society of Cardiology.
Additional comparisons were performed between the
subgroups in order to identify specific biomarkers
and clinical factors associated with increased risk of
readmission.

To analyze the time to first readmission due to de-
compensated heart failure, a Kaplan—Meier event-free
survival curve was constructed. The event was de-
fined as readmission with clinical signs of heart failure
decompensation. Patients who were not readmitted
during the follow-up period were treated as censored
cases.

The analysis was stratified according to the type of
heart failure — HFrEF, HFmrEF, and HFpEF. Compari-
son between the three groups was performed using the
log-rank test to determine statistically significant differ-
ences in event-free survival.

RESULTS

The study population was divided into three groups
according to ejection fraction: HFrEF (n = 32), HFmrEF
(n = 23), and HFpEF (n = 45). The demographic and
clinical characteristics are presented in Table 1. Among
the studied patients, male sex predominated in the
HFrEF group (n = 22; 68.8%) and the HFmrEF group
(n = 13; 56.5%), whereas female sex predominated in
the HFpEF group (n = 33; 73.3%).

A statistically significant difference was observed in
the distribution of ischemic heart disease among the
groups, with higher prevalence in patients with HFrEF
and HFmrEF. A similar trend was noted in the distri-
bution of dyslipidemia. Patients with HFrEF presented
with higher heart rates compared to the other groups.

The laboratory markers in the studied groups are
presented in Table 2.

The mean hemoglobin (Hgb) level was significantly
lower in patients with HFpEF (127.0 + 20.5 g/L) com-
pared to those with HFrEF (135.4 £ 21.2 g/L) and HFm-
rEF (141.1 £ 18.9 g/L), with the difference reaching sta-
tistical significance (p = 0.022).

No statistically significant differences were ob-
served among the three groups in terms of leukocyte
count (Leuc; p = 0.577), platelet count (PIt; p = 0.792),
neutrophil-to-lymphocyte ratio (NLR; p = 0.358), se-
rum creatinine (Creat; p = 0.352), creatinine clearance
(Creat Cl; p = 0.986), serum sodium (Na; p = 0.092),
uric acid (p = 0.343), albumin (Alb; p = 0.705), AST (p
=0.290), ALT (p = 0.170), C-reactive protein (CRP; p =
0.858), high-sensitivity troponin | (hsTnl; p = 0.802), Fi-
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Tabnuua 1. JlemorpacCKu U KIIMHUYHU XapaKTepucTuku //

Table 1. Demographic and clinical characteristics

Mokasaren HFrEF (n = 32) HFmEF (n = 23) HFpEF (n = 45) p-cTovHoCT
Parameter p-value
Bw3pacrt (rog.) // Age (years) 68.9+9.38 73.9+99 785+6.3 0.000
MBC // IHD n=16 50% n=1252.2% n=9 20% 0.006
30 // DM n=14 43.8% n=1147.8% n=1431.1% 0.327
nMm /I AF n=18 56.3% n=1356.5% n =29 64.4% 0.714
XB3 // CKD n=16 50% n=1252% n=2657.8% 0.781
Oucnunngemuns n=16 50% n=1252.2% n=9 20% 0.006
CuctonHo AH // Systolic BP (mm Hg) 134.7+24.8 138.7£19.5 140.4 + 26.7 0.611
OuacTonHo AH // Diastolic BP (mm Hg) 80.5 + 13.1 75.5+85 80.2+14.9 0.302
CY // HR (ya./min) 109.9 £ 32.7 88.5 +20.9 87.7+£20.5 0.000

N3nonsBaHu cbkpauweHus: MBC — ncxemuyHa 6onect Ha cbpueto, 3[] — 3axapeH auabet, MM — npeacbpaHo mbxaeHe, XB3 — XpOHWUYHO
6b6peyHo 3abonsiaHe, AH — apTepuanHo HansiraHe, CH — cbpaeyHa YecTota

Abbreviations used: IHD — ischemic heart disease, DM — diabetes mellitus, AF — atrial fibrillation, CKD — chronic kidney disease, BP — blood
pressure, HR — heart rate

Bcuuky HenpekbCHaTU MPOMEHNUBM Ca NPeAcTaBeHn KaTo cpegHa CTOMHOCT + CTaHOApTHO OTKIIOHEHWE, a KaTeropuniHuTe — Kato 6pown (n)
1 npoueHT (%); p-CTONHOCTTa € u34ncrneHa 3a cpasHeHne mexay Tpute rpynu. All continuous variables are presented as mean + standard
deviation, and categorical variables as number (n) and percentage (%); the p-value was calculated for comparison between the three groups.

Tabnuua 2. JlTabopaTtopHu mapkepu // Table 2. Laboratory markers

Moka3aren HFrEF HFmEF HFpEF p-CTOMHOCT
Indicator (n=32) (n=23) (n = 45) p-value
Hgb (g/L) 1354 +21.2 141.1£18.9 127.0 £ 20.5 0.022
Leuc (x 10°/L) 10.1+4.6 9.06 + 2.5 23.9+9.8 0.577
PIt (x 10°/L) 227.7 +90.6 232.9+10.6 218.2+78.0 0.792
NLR 0.93+0.11 0.97 £0.13 0.69£0.12 0.358
Creat (umol/L) 121.0 £ 69.8 104.6 + 34.51 106.4 £ 36.5 0.352
CreatCl (mL/min) 58.2 +£27.0 57.5+15.4 57.4+244 0.986
Na (mmol/L) 137.5+5.01 140.0 + 2.53 138.9+4.3 0.092
Uric acid (umol/L) 392.4 +£149.9 450.0 £ 173.3 426.8 + 130.8 0.343
Alb (g/L) 36.8 4.1 375140 36.6 £4.2 0.705
AST (U/L) 32.2+16.6 27.1+16.7 271 +17.7 0.290
ALT (U/L) 30.7 £23.3 20.8+11.3 204 +21.2 0.170
CRP (mg/L) 227+26 193+15 2.05+25 0.858
NT-proBNP (pg/mL) 8242.8 +271.6 1952.8 £ 118.0 47713+ 711.7 0.001
hsTnl (ng/L) 479+75 63.2+1.2 46.9+1.0 0.802
Fib-4 217 +£1.12 2.2+1.33 25+14 0.560
CRP/alb 0.06 + 0.1 0.05 + 0.04 0.05+0.1 0.818

M3non3BaHu cbkpaweHus // Abbreviations used: Hgb — xemorno6uH / hemoglobin; Leuc — neskouunTyn / leukocytes; PIt — TpomGBouuTtn //
platelets; NLR — HeyTpodwmnHo-numdouuntTHo cboTHoweHne /neutrophil-lymphocyte ratio; Creat — kpeaTuHuH // creatinine; CreatCl — kpea-
TUHWHOB KNMUPBHC // creatinine clearance; Na — Hatpui // sodium; Uric acid — nukoyHa kucenmHa, Alb — anbymun // albumin, AST — aspartate
aminotransferase, ALT — alanine aminotransferase, CRP — C-peaktueH npotewvH // C-reactive protein; NT-proBNP — N-TepmuHaneH HaTpui-
ypetudeH nentug // N-terminal pro-B-type natriuretic peptide, hsTn | — Bucoko4vyscTButeneH tponoHuH | // high-sensitivity troponin I, Fib-4 —
Fibrosis-4 score, CRP/alb — cboTHoweHne Ha CRP c anbymuH // CRP/albumin ratio

[aHHuTe ca npeacTaBeHUn KaTo cpefHa CTOMHOCT + CTaHOAPTHO OTKIOHEHUE; P-CTOMHOCTTA € U34YNCIIeHa 3a CpaBHEHWe Mexay TpuTe rpynu. /
Data are presented as mean + standard deviation; p-value was calculated for comparison between the three groups
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0.802), Fib-4 (p = 0.560) n cvotHoweHneto CRP/Alb
(p=0.818).

OT6ensizaHa 6e CTaTUCTUYECKM 3HaYMMa pasnu-
ka B cTtorHoctuTe Ha NT-proBNP mexgy rpynute —
Haw-BMcoka Oelwle npu nauneHtute ¢ HFrEF (8242.8
+ 271.6 pg/mL), cnegsana ot HFpEF (4771.3 + 711.7
pg/mL) n Han-Hucka — npy HFmMEF (1952.8 £ 118.0 pg/
mL), c p = 0.001.

Cnepn crabunuampaHe Ha nauuMeHTUTEe U npeau
gexocnutanu3aums uMm belle M3BbpLUEHa exokapau-
orpadcka oueHka Ha cbpaedHaTta yHKUMS U Hansra-
HMATa Ha NbrHeHe — Tabn. 3.

CpegHata ®/ nokasea 3HauMma pasnuka mexay
rpynute — Han-Hucka npu HFrEF (28.9 + 8.3%), mex-
AvHHa npy HFmMEF (43.3 = 2.9%) » Haw-Bucoka npu
HFpEF (53.5 + 5.5%) (p = 0.001). CboTHOLLEHMETO
E/e’, nsnonssaHo KaTo MHOMPEKTEH NnokasaTen 3a Ha-
nsiraHe Ha NbJfIHEHE Ha nsiBaTa Kamepa, He ce pasnu-
YyaBa cbLyecTBeHO mexay rpynute (HFrEF: 22.6 £ 7.0;
HFmEF: 22.8 + 9.6; HFpEF: 22.6 £ 8.2; p = 0.45).

Pa3svepbT Ha gdcHata kamepa (RV) e Haun-ronsm
npn HFrEF (36.3 + 6.1 mm), Hamansea npu HFmMEF
(34.5 £ 1.5 mm) n e Han-HucHK npu HFpEF (31.9 + 5.3
mm), KaTo pasfnukara € CTaTUCTU4eckn 3Haumma (p =
0.009). TpuKycnMaganHoToO pPeryprutauumoHHO Harsra-
He (TrV) e 3Haummo no-Bucoko npu HFpEF (41.2 + 5.7
mmHg), B cpaBHeHne ¢ HFMEF (34.5 + 7.9 mmHg) u
HFrEF (33.5 £ 8.4 mmHg) (p = 0.024). dnameTbpbT Ha
ponHata kyxa BeHa (VCI) He nokasBa CblLECTBEHMU pa3-
nvkn mexay rpynute (HFrEF: 19.6 £ 5.7 mm; HFmEF:
18.1 £ 4.3 mm; HFpEF: 17.9 + 5.1 mm; p = 0.320).

B nposegeHute Cox nponopumoHanHu xasap-
AEH aHanuau 6sxa M34YMUCINeHn KakTo egHOMNPOMEH-
nuBun (univariate, crude), Taka U MHOrONPOMEHIIN-
BM (multivariate, adjusted) hazard ratios (HR) 3a
BCEKN OT u3crneaBaHuUTe NPOrHOCTUYHM dhakTopu. B
€0HOMPOMEHNMBNSA aHann3 edekTbT Ha oTAenHuTe
NPOMEHMMBUN BbPXY pUcKa OT xocnuTanusauus Gewue

brosis-4 index (Fib-4; p = 0.560), and the CRP/albumin
ratio (p = 0.818).

A statistically significant difference in NT-proB-
NP levels was observed among the groups, with the
highest levels recorded in patients with HFrEF (8242.8
+ 271.6 pg/mL), followed by HFpEF (4771.3 + 711.7
pg/mL), and the lowest levels in those with HFmrEF
(1952.8 + 118.0 pg/mL), with p = 0.001.

Prior to discharge and following clinical stabiliza-
tion, echocardiographic assessment of cardiac function
and filling pressures was performed (Table 3).

The mean left ventricular ejection fraction (LVEF)
demonstrated a significant difference among the groups,
being lowest in HFrEF patients (28.9 + 8.3%), interme-
diate in HFmrEF (43.3 £ 2.9%), and highest in HFpEF
(53.5 £ 5.5%) (p = 0.001). The E/e’ ratio, used as an
indirect marker of left ventricular filling pressure, did not
differ significantly between the groups (HFrEF: 22.6 +
7.0; HFmrEF: 22.8 + 9.6; HFpEF: 22.6 £ 8.2; p = 0.45).

Right ventricular (RV) dimension was largest in
HFrEF (36.3 = 6.1 mm), decreased in HFmrEF (34.5
+ 1.5 mm), and smallest in HFpEF (31.9 + 5.3 mm),
with the difference reaching statistical significance (p =
0.009). Tricuspid regurgitation velocity (TRV) was sig-
nificantly higher in HFpEF patients (41.2 £ 5.7 mm Hg)
compared to HFmrEF (34.5 + 7.9 mm Hg) and HFrEF
(33.5 + 8.4 mm Hg) groups (p = 0.024). Inferior vena
cava (IVC) diameter showed no significant differences
among the groups (HFrEF: 19.6 £ 5.7 mm; HFmrEF:
18.1 £ 4.3 mm; HFpEF: 17.9 £ 5.1 mm; p = 0.320).

In the conducted Cox proportional hazards analy-
ses, both univariate (crude) and multivariate (adjusted)
hazard ratios (HR) were calculated for each of the in-
vestigated prognostic factors. In the univariate analy-
sis, the effect of each variable on the risk of hospital-
ization was assessed individually, without the influence

Ta6bnuua 3. Exokapguorpadcku nokasatenu // Table 3. Echocardiographic parameters

Mokasaren HFrEF HFmEF HFpEF p-CcTOMHOCT
Parameters (n=32) (n=23) (n = 45) p-value
EF (%) 289+8.3 433+29 53.5+55 0.001
Ele’ 226+7.0 228+9.6 226+8.2 0.45

RV (mm) 36.3+6.1 345+15 31.9+53 0.009
Trv (mm Hg) 335184 345+79 41257 0.024
VCI (mm) 19.6 +5.7 18.1+4.3 17.9+5.1 0.320

UsnonseaHu cbkpaweHusi / Abbreviations used: EF — dpakumnsa Ha natnacksaHe / ejection fraction; E/e’ — CbOTHOLLEHMETO MexXay paHHUS au-
acTorieH TpaHCMUTPareH NOTOK M CKOPOCTTa Ha PaHHOTO AMAacTOSHO ABUXEHWE Ha MUTPanHus NpbeTeH / ratio between early diastolic transmitral
flow and early diastolic mitral annular velocity; RV — gpuametbpa Ha asicHata kamepa / right ventricular diameter; Trv — TpukycnvuganHus perypru-
TaumoHeH rpagueHT / tricuspid regurgitation gradient; VCI — pnametbpa Ha gonHata npasHa BeHa / diameter of the inferior vena cava

[aHHUTe ca NpefcTaBeHu KaTo CpefHa CTOMHOCT + CTaHAapTHO OTKIOHEHMWE; P-CTOMHOCTUTE Ca U3YMCHEHM C NMOMOLLTa Ha eAHOaKTOPEH Auc-
nepcvoHeH aHanu3 (ANOVA) 3a cpaBHeHve mexay TpuTe rpynu // Data are presented as mean + standard deviation; p-values were calculated
using one-way analysis of variance (ANOVA) for comparison between the three groups
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n3MepeH camocToATenHo, 6e3 BAMAHWE Ha ApPYru
koBapuatu. MHOronpoMeHNMBUAT aHanu3 oT4uTa
edeKkTa Ha BCUYKM 3HAYMMMU U KITMHUYHO perneBaHT-
HN NPOMEHNNBW €4HOBPEMEHHO, KaTto npefocTaBss
OLEeHKa 3a He3aBMCUMOTO BMNUSHME Ha BCsKa MNpo-
MeHMnBa.

B HacToAWOTO wu3cnenBaHe pasnuknte Mexay
crude n adjusted HR 6s15xa MUHMManNHKW, KOETO MoOKas-
Ba, Ye BNUSHWETO Ha BKIOYEHUTE KOMaKTOpu BbpPXY
OCHOBHUTE NPOrHOCTUYHM hakTopu e orpaHmyeHo. He-
3aBUCMMO OT TOBa, MPEACTaBAHETO Ha €QHONPOMEH-
NMBWTE N MHOTOMPOMEHNVBUTE pe3ynTaTy No3BoNsBa
MbfiHa MPO3pPayHOCT M Nokasea, Ye uageHTuduumpa-
HUTe dakTopu (TponoHuH, Nt-proBNP, xemornobuH,
cepymeH HaTtpui 1 Fib-4) octaBaT ctatuctnyeckn 3Ha-
YYMMM 1 HE3ABUCUMU NPOTHOCTUYHM NPEaUKTOpK 3a no-
BUMLLEH pUCK OT XocnuTanusaums 3a CbpAeyHa Hegoc-
TaTbyHOCT — Tabn. 4.

Tabnuua 4. HezaBucumu npeguKTOPU Ha XocnuTanusauus
NPOMEHNIUB aHanm3)

of other covariates. The multivariate analysis accounts
for the effect of all significant and clinically relevant
variables simultaneously, providing an estimate of the
independent effect of each variable.

In the present study, the differences between crude
and adjusted HRs were minimal, indicating that the in-
fluence of the included cofactors on the main prognostic
factors was limited. Nevertheless, presenting both uni-
variate and multivariate results ensures full transparen-
cy and demonstrates that the identified factors (troponin,
NT-proBNP, hemoglobin, serum sodium, and Fib-4) re-
main statistically significant and independent predictors
of increased risk for heart failure hospitalization (Table 4).

The Kaplan-Meier event-free survival curve (Fig. 1)
demonstrated differences in the risk of rehospitalization
among the groups, with the worst outcomes observed
in patients with HFrEF and the longest event-free sur-
vival noted in those with HFmrEF.

npuv cbpaeyvyHa HeaAOCTaTb4YHOCT (ep,HonpomeHnMB U MHOro-

Table 4. Independent predictors of hospitalization for heart failure (univariate and multivariate analysis)

Ef:;:t":r"p (c:::e) 95% Cl (crude) | p-value (crude) | HR (adjusted) | 95% ClI (adjusted) | p-value (adjusted)
hsTnl 1.001 0.999 — 1.003 0.383 1.044 1.013 - 1.076 0.005
NT-proBNP 1.000 1.000 — 1.000 0.077 2.000 1.999 — 2.000 0.045
Hgb 0.998 0.987 — 1.009 0.723 1.384 1.016 — 1.885 0.039
Na 0.963 0.906 — 1.023 0.224 1.294 1.099 - 1.876 0.028
Fib-4 1.042 0.873 — 1.244 0.649 1.346 1.158 — 1.755 0.008

CukpauweHus:/Abbreviations: hsTnl — BucokoceH3eTueH TponoHuH | / high-sensitivity troponin |; NT-proBNP — N-tepmuHaneH npo-B-tun Ha-

TpuypetndeH nentug / N-terminal pro-B-type natriuretic peptide; Hgb —

xemornobuH / hemoglobin; Na — cepymeHn HaTpuii / serum sodium; Fib-4

— fibrosis-4 nHgekc / index; HR — hazard ratio; Cl — poBeputeneH nHtepsan / confidence interval; p-value — HUBO Ha cTaTucTMdecka aHa4mmocT/

level of statistical significance

MonyyeHata Kaplan-Meier kpuBa Ha npexwuBsemMocT 6e3 xocnuTtanuaaums (ur. 1) AeMOHCTpUpa pasnmkn B pycka OT pexocnmTanuaaumns mexay
rpynuTe, Kato Han-HebnaronpusaTeH usxof ce Habnogasa npu naumeHTuTe ¢ HFrEF, a Han-npoabmkmMTenHa npexmssaemocT 6e3 cbbutne — npu

HFmEF.

pynu
—IHF(EF
[ FIHFMEF
HF pEF
| +—HFIEF-censored
| +=HFmEF -censored
HFpEF-censored

031

KymynaTtueHa npexussemoct 6es pexocnuTanusauma

004

Meceumn

CukpaweHusi:/Abbreviations: HFrEF — heart failure with reduced
ejection fraction; cbpaeyHa HeQOCTaTbYHOCT NpU HUCKa DpaKkUmMs Ha U3-
TnackeaHe; HFmMEF — heart failure with mildly reduced ejection fraction;
CbpAeYHa HeJoCTaTbYHOCT NpU Neko pedyumpaHa dpakums Ha manTac-
kBaHe; HFpEF — heart failure with preserved ejection fraction; cbpaeyHa
HeJoCTaTbYHOCT NpU 3anaseHa gpakumusi Ha n3TrnacksaHe

®ur. 1. Kaplan-Meier kpuBa Ha npexvBsiemocT 6e3 xocnuranu3aums

Fig. 1. Kaplan-Meier curve of hospitalization-free survival
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OBCBXAOAHE

OcTtpata gekoMmneHcnpaHa CbpaeyHa HeJocTaTby-
HocT (O CH) npeacTtaBnsiBa OCTPO KMMHUYHO CbCTOSA-
HWe, Hanarawlo CcrnelHa XocnuTanmsaumsi U CBbp3aHo
C BMCOKA CMBPTHOCT M 3abonsemMocT B KpaTKOCpO-
YyeH nnaH [4-7]. MNauyneHTuUTe, NpexueBenu enusog Ha
OLCH, ocTtaBaT C NOBWLUEH PUCK OT MOBTOpPHA XOC-
nuTanuaaums Jopuv cnep KnvHu4Ha ctabunusaums un
nanunceaHe [5-7]. HactosawoTo npoyysaHe aHanunsupa
pearnHa KnuHWMYHa nonynaumst ot naumeHTun, xocnuTa-
nunanpanm no nosog OLCH, kouTo Gsixa npocrneneHun
3a pexocnutanusaums BCneacTBMe Ha HOB enu3oq Ha
AekomneHcauus. BaxHo e fa ce otbenexu, ye BCUYKU
nauneHT B M3cneaBaHeTo Gsxa usnmcaHu B eyBone-
MWUYHO CbCTOSIHWE M Mofy4aBaxa onTuManHa meguka-
MEHTO3Ha Tepanusl CbIMacHO akTyanHUTEe NpenopbKM
Ha EBponewnckoTo kapguonorndHo gpyxectso (ESC).
Bbnpeku TOBa B pamkuTe Ha OBYrogvLIHOTO npoche-
AsiBaHe 3Ha4MTenHa 4acT OT TAX NPEXMBsIXa NoBTOPHA
AEeKOMMeHcaLmsl, KOeTo nogvepraBa OrpaHuyveHusiTa
Ha CTaHOapTHUTE TepaneBTUYHM NMOAXOAM U HEeobXo-
AVMOCTTa OT AOMBbIHUTENHN NMPOrHOCTUYHN MapKepW.
PesyntatniTe OT HACTOALLOTO NpOy4BaHe U3TbKBAT 3Ha-
yMmata KnuHMYHa, BUOXMMMYHa 1 exokapguorpadcka
XETEePOreHHOCT MeXAy pasnuyHuTe EeHOTUNU CbpaeY-
Ha HeJoCTaTbYHOCT, KOETO MMa BaXXHO 3HadeHue 3a
cTpaTudmkaumsita Ha pucka 1 uHanBMAyanuanpaHe Ha
TepaneBTUYHMSA NOAXOA.

Habniogasa ce siCHO nspaseHa nonosa gucTpuby-
LUmMsa mexay oTaenHuTe eHOTUNM, KaTo MBbXKUAT Nor
npeobnagasa npu HFrEF (68.8%) n HFmrEF (56.5%),
JokaTto XeHuTe pgomuHupat B rpynata ¢ HFpEF
(73.3%). Ta3an Haxogka € B CbOTBETCTBME C MEXAY-
HapoaHu gaHHK, nokassawwm, ye HFrEF n HFmrEF ca
no-4yecTun nNpu MbXxe, gokato HFpEF e no-pasnpoctpa-
HeHa npu xeHun [12, 13]. MNpuumHuTe 3a Tasu pasnuka
BEPOSATHO Ca KOMMJIEKCHM W1 BKIOYBAT pasfnuyHa vec-
TOTa Ha McxeMudHa BonecT, CTPYKTYPHU U XOpMOHar-
HW Pasnnyms, KakTo MU MO-BUCOKA CKITOHHOCT Ha XXeHu-
T€ KbM MWKPOBACKyNapHO Bb3narieHue 1 gMacToriHa
ancdyHkums [12-14].

CobluecTBeHN pasnuuusa ce HabnwpasaT U B €Tu-
onorusita. MicxemmnuHata 6onect Ha cbpueto (MBC) e
3Ha4mmo no-yecta npyn HFrEF n HFmrEF, gokato npu
HFpEF npeobnagaBat He-ucxeMu4Hn MexaHnamu. Toea
CbOTBETCTBA Ha NuTEepaTypHU [AaHHW, acouumpallm
HFrEF ¢ npeaxoaeH MmokapaeH MHapKT 1 KOpoHapHa
oonect [14]. CxogeH mogen ce Habntogaea u npu guc-
ninuaemMusita — No-pa3npocTpaHeHa cped nauueHTuTe
¢ HFrEF n HFmrEF, otpassaBaiiku no-BMCOK aTepocKne-
potudeH Toap [15]. MNMauneHtute ¢ HFrEF pemoHcTpu-
paT 1 No-B1COKa CbpAeyHa YecToTa, KOeTo MOXe [a ce
00SACHM C aKTUBMpaHa cumnatoagpeHarnHa cucrema u
no-Texka XxemognHaMuyHa HecTabunHOCT — U3BECTHU
NPOrHOCTUYHO HeBnaronpuaTHU bakTopm [16].

DiscussION

Acute decompensated heart failure (ADHF) rep-
resents an acute clinical condition necessitating
urgent hospitalization and is associated with high
short-term mortality and morbidity [4-7]. Patients
who have experienced an episode of ADHF remain
at increased risk of rehospitalization even after clin-
ical stabilization and discharge [5-7]. The present
study analyzed a real-world clinical population of
patients hospitalized for ADHF, who were followed
for rehospitalization due to a new decompensation
episode. It is important to note that all patients in
the study were discharged in a euvolemic state and
received optimal medical therapy according to cur-
rent recommendations of the European Society of
Cardiology (ESC). Despite this, a significant propor-
tion experienced recurrent decompensation during
the two-year follow-up, highlighting the limitations
of standard therapeutic approaches and the need
for additional prognostic markers. The results of
this study emphasize significant clinical, biochem-
ical, and echocardiographic heterogeneity among
different heart failure phenotypes, which is crucial
for risk stratification and individualized therapeutic
strategies.

A distinct sex distribution was observed between
phenotypes, with a predominance of male sex in HFrEF
(68.8%) and HFmrEF (56.5%), whereas females pre-
dominated in the HFpEF group (73.3%). This finding
aligns with international data showing that HFrEF and
HFmrEF are more prevalent in males, while HFpEF is
more common in females [12, 13]. The reasons for this
disparity are likely multifactorial, including differences
in ischemic heart disease prevalence, structural and
hormonal variations, and a higher propensity of women
for microvascular inflammation and diastolic dysfunc-
tion [12-14].

Significant differences were also noted in etiology.
Ischemic heart disease (IHD) was significantly more
frequent in HFrEF and HFmrEF, whereas non-isch-
emic mechanisms predominated in HFpEF. This cor-
responds with literature associating HFrEF with prior
myocardial infarction and coronary artery disease [14].
A similar pattern was observed for dyslipidemia, which
was more prevalent among patients with HFrEF and
HFmrEF, reflecting a higher atherosclerotic burden
[15]. Patients with HFrEF also exhibited higher heart
rates, potentially explained by sympathetic nervous
system activation and greater hemodynamic instability
— known adverse prognostic factors [16].



Briomapkepu 3a pexocnutanusauusi...

65

OT exokapguorpadcka rfnegHa TO4YKa MHTepec
npecraensisa nuncara Ha 3HadvMMa pasnvka B CbOTHO-
weHveto E/e’ mexay rpynute BbNpeku pasnnynsita BbB
dpakumaTa Ha uatnacksaHe (PW). Tosa npegnonara,
Yye HamnsraHeTo Ha MbIIHEHE Ha fisiBaTa KaMmepa MoXe
na ObJe NoBULLEHO HE3ABMCKMMO OT CTEMEHTa Ha CuC-
TonHa aucdyHkumsa (ocobeHo npu HFpEF, kbaeto au-
acTonHaTta ANCKYHKLNSE € OCHOBEH NaTOU3NONOrnyeH
MexaHn3bMm) [15]. PaamepbT Ha gdcHaTta kamepa (RV) e
Haun-ronam npy HFrEF, BeposTHO nopagu kamepHa on-
nataumsi u nosuweHo GenogpobHO HansdraHe, 4OKaTo
npn HFpEF ce otunta Han-manbk RV anametsbp, koe-
TO CbOTBETCTBA Ha MO-cnabo uspaseHa pemopenaumns
Ha gsicHoTo cbpue [16]. OT gpyra cTpaHa, AMaMeTbpbT
Ha JorHaTa Kyxa BeHa He MoKa3Ba 3HauYvMMu pasnmums
MeXay rpynute, Tbi KaTo BCUYKM NauMeHTn ca 6unm B
CbCTOSIHME Ha OEKOHTECTUS NPY U3NUCBaHeE.

Ha 6noxMMnM4HO HMBO cCe ycTaHoBsiBa CTaTUCTU-
YecKM 3HayMMa pasnuka B CTOMHOCTUTE Ha XeMOorno-
BuHa, kato naumeHtute ¢ HFpEF nokassat no-Hucku
ctonHoctn (127.0 + 20.5 g/L) B cpaBHeHne ¢ HFrEF
(135.4 + 21.2 g/L) n HFmrEF (141.1 £ 18.9 g/L). ToBa
BEPOSATHO OTpassiBa MoO-BMCOKa YeCTOTa Ha aHeMus U
CbNMbTCTBALM 3ab0NsABaHNS KaTo XPOHUYHA ObOpeyHa
oonect unu cuctemHo Bb3naneHue npu HFpEF. Ha-
NYNETO Ha aHEMUS € [oKa3aHO CBbP3aHO C MOBULLEH
PUCK OT pexocnuTanu3auns 1 BroweHa yHKLUMoHarn-
Ha nporHo3a [17].

Bbnpekn ToBa He ce HabniogaBaT CbLUECTBEHMU
pasnuuMsa B LUMPOK CMEeKTbp OT Apyrn nabopaTopHu
nokasaTtenu — neskouuTtu, Tpombouutn, NLR, cepy-
MEH KpeaTWMHWH, HaTpui, NUKOYHA KucenuHa, anby-
MWH, YepHoApPOOHM eH3nmun, CRP u Fib-4 nHaexc. Toea
npeanornara oTHocuTenHa GMOXMMUYHA XOMOFEHHOCT
Mexgy eHOTUNUTE MO OTHOLUEHWE Ha CUCTEMHOTO
Bb3naneHune, 6bbpevHaTa n YepHogpobHaTa yHKLUUS.

Hali-uspaseHara omoxmmmnyHa pasnuka € npu NT-
proBNP — mapkep 3a MMOKapgHO HanpexeHune n obem-
Ho npetoBapBaHe. [laumeHtute ¢ HFrEF nokaseat
Haw-BMCOKMN CTOMHOCTK (8242.8 + 271.6 pg/mL), cnea-
BaHu ot HFpEF n HFmrEF, koeTo oTpassaBa pasnuyusTa
B KamepHaTa (PYHKLMSA U HanaraHeTo Ha NbriHeHe [18].
Mpwn naumeHtnte ¢ HFrEF HabnogaBaxme 1 No-BUcoka
cbpaevHa vyectoTta. Bunpekn nuncata Ha npoy4BaHug,
KOUTO e4HOBPEMEHHO Aa Kopenupar B1Ucoka CbpaevHa
yecToTa n nosuweHn NTproBNP ¢ TexxecTTa Ha fekom-
neHcauusaTa, HanNnMYHUTE JaHHW MOKa3BaT, Ye Nno-BuCo-
knte ctomHoct Ha NTproBNP oTpasaBar no-texka
cbpAaeyHa aucdyHkums. ToBa nogkpens vaedata, 4e
yBenuyeHaTa CbpAeyHa 4Yectota MoXe [a CMyXu KaTto
OOMbIIHUTENEH MapKep Ha HEBPOXOPMOHAarHa akT1Ba-
umMs M no-Texka gekomneHcauusa npyu HFrEF. CpegHa-
Ta ®W nokasBa ovakBaHW pasnuku Mexay eHoTunu-
Te, KaTo NOTBbPXAaBa AMarHoCTMYHaTa CTOMHOCT Ha
knacudpukaumarta, 6asmpaHa Ha U [14].

From an echocardiographic perspective, the lack
of significant difference in E/e’ ratio between groups,
despite differences in ejection fraction (EF), is notewor-
thy. This suggests that left ventricular filling pressures
may be elevated regardless of the degree of systolic
dysfunction, particularly in HFpEF where diastolic dys-
function is a key pathophysiological mechanism [15].
Right ventricular (RV) size was largest in HFrEF, likely
due to chamber dilation and elevated pulmonary pres-
sures, while HFpEF showed the smallest RV diameter,
consistent with less pronounced right heart remodel-
ing [16]. Conversely, inferior vena cava (IVC) diameter
showed no significant differences among groups, likely
because all patients were in a state of decongestion at
discharge.

Biochemically, a statistically significant difference
was observed in hemoglobin levels, with HFpEF pa-
tients exhibiting lower values (127.0 + 20.5 g/L) com-
pared to HFrEF (135.4 + 21.2 g/L) and HFmrEF (141.1
+ 18.9 g/L). This likely reflects a higher prevalence of
anemia and comorbidities such as chronic kidney dis-
ease or systemic inflammation in HFpEF. The pres-
ence of anemia has been shown to be associated with
increased risk of rehospitalization and poorer function-
al prognosis [17].

No significant differences were noted in a broad
spectrum of other laboratory parameters — including
leukocytes, platelets, NLR, serum creatinine, sodium,
uric acid, albumin, liver enzymes, CRP, and Fib-4 index
— suggesting relative biochemical homogeneity among
phenotypes regarding systemic inflammation, renal,

and hepatic function.

The most pronounced biochemical difference was
observed in NT-proBNP levels — a marker of myocar-
dial stress and volume overload. Patients with HFrEF
demonstrated the highest values (8242.8 + 271.6 pg/
mL), followed by HFpEF and HFmrEF, reflecting differ-
ences in chamber function and filling pressures [18].
The mean EF showed expected differences among
phenotypes, confirming the diagnostic utility of EF-
based classification [14].

Furthermore, Cox proportional hazards analysis
identified five independent predictors of increased re-
hospitalization risk: elevated NT-proBNP, high-sensi-
tivity troponin I, low hemoglobin, hyponatremia, and
elevated Fib-4 index. Notably, NT-proBNP showed the
strongest effect, with elevated discharge levels dou-
bling the risk of subsequent adverse events — under-
scoring its key role not only in diagnosis but also in
prognosis of acute decompensated heart failure [18]. In
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B ponbnHeHune, ussbpeHnat Cox nponopumo-
HaneH xasapgeH aHanu3 ugeHtTuduumpa neT Hesa-
BUCMMW MpPeauKTopa 3a MOBULLEH PUCK OT PEXOCMU-
Tanusaums: nosuweHn cTtonHoctn Ha NT-proBNP,
BMCOKOYYBCTBUTENEH TPOMOHUH |, HACHK XEMOTNOOWH,
xunoHatpuemmsi n nosuweH Fib-4 nHpekc. OcobeHo
3HaumMm e NT-proBNP, kato noBuwieHn CTOMHOCTK Npu
n3nmnceaHe yaBosiBaT pucka OT nocnegsawo Hebna-
ronpusiTHO cbbuTMe — pesynTar, KOUTO NOTBbPXKAABA
Heroeara KI1o40Ba porsi He caMO B AnarHocTukaTa, HO
1 B MPOrHOCTMKAaTa Ha ocTpaTta geKOMMeHcupaHa cbp-
AeyHa HegocTaTbyHocT [18].

B1COKOYYBCTBUTEMHUAT TPOMOHMH | CbLUO OEMOH-
CTpupa NPOrHOCTMYHO 3HA4YeHMe, oTpassiBarku nogre-
aly npouecu Ha MMOKapAHO YBPEXOaHe WX MCXe-
Musi. Hucknte CTOMHOCTU Ha xeMornobuH (aHemusi)
ca CBbp3aHy C NOBMLUEHA CMbPTHOCT U pexocnuTanu-
3aLmsl, BEpOSITHO Nopaam HapylleHa OKCUreHauus Ha
TbKaHUTE 1 MOBULUEHO MUOKapaHO HaToBapsaHe [17].
XvnoHaTpuemmndaTa oTpassiBa akTMBUPAHE Ha HEeBpO-
XOPMOHANHNTE MeXaHU3Mu WU Mo-HanpegHan cragun
Ha CH, gokaTto nosuweHnunat Fib-4 nHaekc npegnonara
Hanuune Ha YyepHogpobHa koHrecTusa nnu gubposa —
YeCTo NoALEeHABaH acnekT npu nauneHTn ¢ CH [19].

Pesyntatute nogyeptaBaT 3Ha4YE€HWETO Ha MyNTU-
drakTopHaTa OLlEHKa, OCHOBaHa KakTO Ha KNacu4ecku,
Taka u Ha HekapaunanHu OvomMapkepu, Npy Npeaukums
Ha HebnaronpusaTHUS U3XOL4 crieq enusoq Ha LEeKOM-
neHcauusi. Te NOTBbpXAABAT Hy)XAaTa OT NepcoHanm-
31paH NOoAXoA4 Npu NpocneasBaHeTo U NeYeHNETo 0co-
©eHo B nepuoga cnep u3nuceaHe.

Kaplan—Meier aHanu3bT Ha npexuBsemocT 6e3
CbOMTME MnoKasa 3Ha4YMMK PasnuKM Mexagy rpynute,
kato nauneHtute ¢ HFrEF gemoHcTpupart Han-kpaTka
npexuesemocT 6e3 pexocnutanu3auusi. ToBa € B Cb-
OTBETCTBME C HaNMYHWUTE OaHHM OT PermcTpu, nog4yep-
TaBally MOBMLLUEHUSA PUCK OT CMBPTHOCT U peLuanBu-
paLum gekomneHcauun npu t1o3m deHotun [15, 20]. Ot
apyra ctpaHa, HFmrEF ce ceBbp3Ba ¢ Han-bnaronpuar-
Ha MporHo3a — pe3ynTarT, KONTo cbBnaga c nyonukyea-
HW KOXOPTHW HabnoaeHus [17, 20].

0O606LLeHo, HacTOSILLIOTO u3cneaBaHe NOTBbPXAa-
Ba 3HayMmaTta XeTeporeHHOCT Ha CbpaevHaTa Heaoc-
TaTbYHOCT M MogvepTaBa pondta Ha MynTunapamer-
pU4HMA 1 MynTubnomapkepeH MOAXOo4 Npw OueHkaTa
Ha pucka, ocobeHO B KOHTEKCTa Ha CbBpeMeHHaTa
KNMHWYHA MpakTMKa, Haco4YeHa KbM npeum3npaHe Ha
nevyeHneTo 1 nogobpsiBaHe Ha ObMArOCPOYHMS N3XOA,.

3AKNIOYEHUE

Pexocnutanusaumsata cneq octpa AeKoMneHcupa-
Ha CbpAeyHa HeJOCTaTbYHOCT OCTaBa YecTo CpeLlaHo
N 3Ha4YMMO CbOUTME, BBNPEKN NpUIaraHeToO Ha CbBpe-
MeHHa MefuKkamMeHTo3Ha Tepanund. buomapkepute NT-

patients with HFrEF, we also observed a higher heart
rate. Although there are no studies simultaneously cor-
relating elevated heart rate and increased NT-proBNP
with the severity of decompensation, the available data
indicate that higher NT-proBNP levels reflect more se-
vere cardiac dysfunction. This supports the idea that an
increased heart rate may serve as an additional marker
of neurohormonal activation and more severe decom-
pensation in HFrEF.

High-sensitivity troponin | also demonstrated prog-
nostic significance, reflecting underlying myocardial
injury or ischemia. Low hemoglobin (anemia) was as-
sociated with increased mortality and rehospitalization,
likely due to impaired tissue oxygenation and increased
myocardial workload [17]. Hyponatremia reflects neu-
rohormonal activation and more advanced heart failure
stages, whereas elevated Fib-4 index suggests hepatic
congestion or fibrosis — a frequently underrecognized
aspect in heart failure patients [19].

These findings highlight the importance of a mul-
tifactorial evaluation, incorporating both classical
and non-cardiac biomarkers, in predicting adverse
outcomes following a decompensation episode.
They reinforce the need for personalized follow-up
and management, especially in the post-discharge
period.

Kaplan—Meier event-free survival analysis demon-
strated significant differences between groups, with
HFrEF patients exhibiting the shortest event-free sur-
vival time. This aligns with existing registry data un-
derscoring increased mortality risk and recurrent de-
compensations in this phenotype [15, 20]. Conversely,
HFmrEF was associated with the most favourable
prognosis, consistent with published cohort observa-
tions [17, 20].

In summary, the present study confirms the signifi-
cant heterogeneity of heart failure and emphasizes the
role of a multiparametric and multibiomarker approach
in risk assessment, particularly in the context of con-
temporary clinical practice aimed at treatment optimi-
zation and improved long-term outcomes.

CONCLUSION

Rehospitalization following acute decompensat-
ed heart failure remains a common and clinically sig-
nificant event despite contemporary medical therapy.
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proBNP, BucokovyBCTBUTENEH TPOMOHWH, HMBaTa Ha
XemornobuH, Hatpu u Fib-4 nHgekc nokassaT 3Hauu-
Ma MPOrHOCTUYHA CTOMHOCT MpW OLiEHKa Ha pucka oT
NMOBTOPHa XOCMuTanu3auus npu MOMEHTa Ha WU3NuUc-
BaHe. Pe3syntatnte nogyepraBat HeobxogmMmocTTa OT
MyNTUANCUMNIIMHAPEH MOAXO4 W NOo-fpeuu3Ha UHan-
BMayanu3auusa Ha nevyeHneTo, ocobeHo nNpu naumeHTn
C HebraronpuaTHU BuomapkepHu npodunu, 3a ga ce
Hamanu 4yecTtotaTa Ha NOBTOPHUTE AEKOMMeHcaumm 1
4a ce nogobpu KNMMHUYHUAT 13Xog,.

Hoctbn oo gaHHuTe: [laHHnTe, n3nona3BaHu 3a Noa-
Kpena Ha pe3ynTaTute OT TOBa Npoy4YBaHe, ca Hann4Hu
OT CbOTBETHUS aBTOP MpU NOUCKBaHE.

He e deknapupaH KOHGIUKM Ha uHmepecu
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