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ABSTRACT

Aim. To study the effect of acute kidney injury in patients hospitalized with acute decompensation of chronic heart
failure (ADCHF) in relation to combined renal and cardiovascular outcomes during 1 year of follow-up.

Materials and methods. A total of 108 patients hospitalized with ADCHF (mean age 68.3 + 10.0 years, 60% men)
were included in a single-center prospective study. All patients included in the study underwent a standard physical
and laboratory instrumental examination, including an assessment of the clinical condition according to the Rating
Scale of Clinical State (RSCS) and laboratory tests (including serum creatinine level, glomerular filtration rate
(GFR) using the CKD-EPI 2021 equation, albumin to creatinine ratio in urine, natriuretic peptide (NT-proBNP)
upon admission and discharge. Acute kidney injury (AKI) was diagnosed based on the KDIGO guidelines (Kidney
Disease: Improving Global Outcomes). The total rate of all-cause mortality and repeated hospitalizations from
ADCHF was evaluated as cardiovascular outcomes. Renal outcomes included deterioration of renal function in
the form of a decrease in GFR >15% of baseline and a decrease in GFR < 30 ml/min/1.73 m?. Combined renal and
cardiovascular outcomes were assessed during outpatient visits 3, 6, 12 months after discharge.

Results. The incidence of AKI during hospitalization in patients with ADCHF was 14% (n = 15). The groups with
and without AKI were comparable in terms of clinical and demographic parameters and clinical assessment scale
parameters. However, patients in the AKI group had higher baseline values of NT-proBNP and more pronounced
impaired renal function, which persisted for 6-12 months of follow-up. There were no differences in clinical and
laboratory data during the follow-up period. In patients with ADCHF, the presence of AKI during hospitalization
significantly increases the risk of combined renal and cardiovascular outcomes during 1 year of follow-up
(HR =7.6; 95%CI = 2-29; p = 0.003).

Conclusion. The development of AKI during hospitalization in patients with ADCHF is a predictor of an
unfavorable prognosis for combined renal and cardiovascular outcomes during 1 year of follow-up.
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MporHocTnyeckoe 3HaYeHNEe OCTPOro NOBPEXAEHA NoYeK y NnauneHTos,
rocnuTasan3npoBaHHbIX C OCTPON AieKOMMNEeHcauen XpoHN4YeCcKon
ceppevYHON HeJOCTaTOYHOCTMN

Ko6anaga ».[l., Kontapesa H.U., TonkaueBa B.B., KapanetsaH J1.B.

Poccutickuii yrusepcumem opyoicovt Hapooos (PYIIH) um. Ilampuca Jlymymou
Poccus, 117198, 2. Mockea, yr. Muknyxo-Maxknas, 8

PE3IOME

Hennb: u3yunts BiusgHUE 0cTpOro nospesxaeHus noyex (OIIT) Ha mpOrHoO3 y NanueHToB, NePEeHECIINX FOCITHTa -
3aLUIO 110 TIOBOAY OCTPOH JAEKOMIICHCALMH XpOHUUECcKol cepaeunoi HenoctarouHocTu (OIXCH), B oTHOLIEHHN
KOMOMHHPOBAHHBIX ITOYEYHBIX M CEPACUHO-COCYNUCTBIX HCXOJIOB B TeueHue 1 roaa.

Marepuaibsl 1 MeToabl. Bkimtouens! 108 nanuentos, rocnuranusupoBanHbix 1o nosogy OJIXCH. MyxuuHbl
cocraBnsuin 60%, cpenuuii Bo3pact 68 + 11 mer. [IpoBommiiock craHmapTHOE (GU3MYECKOe OOCIEAOBAHUE IO
mKkane oneHkn kimHu4Ieckoro coctostHus (ILIOKC), naGopaTopHble McciienoBaHus (ONPEAeIsUICS YPOBEHb Kpe-
ATWHHMHA CBIBOPOTKH, CKOPOCTh KiryooukoBod ¢uibrpammu (CK®) CKD-EPI 2021, narpuitypernuecknii mentun
(NTproBNP), ans0ymMun/kpeaTHHHHYpUST) TPU NOCTYTUIeHNH, Bbinucke. [{naruo3 OIII ycraHaBimBaics corjiacHO
kputepusim KDIGO (Kidney Disease: Improving Global Outcomes, Bosie3ns nouex: yiydrieHne riiodanbHbIX pe-
3yIbTaToB). B KauecTBe cepAeuHO-COCYIMCTHIX HCXO/I0B OLICHUBAIN CYMMAapHbIi MOKa3aTelb CMEPTHOCTH OT BCEX
MpUYHH ¥ MOBTOPHBIX rociutanu3anuii ¢ OJIXCH. [ToueuHbie MCXObI BKIOYATH YXy/IIeHHE QYHKIIUH MOYECK B
Bujie cumwkenuss CK® > 15% ot ucxounoro, camkerne CK® < 30 mu/mun/1,73m2, TloueuHble U CEpAEYHO-COCY-
JIUCTBIE MCXO/IbI OLIEHUBAIUCH BO BpeMs aMOyJIaTOPHBIX BU3UTOB 4epe3 3, 6, 12 Mec mociie BBITICKY.

PesyasTatel. Yacrora passutust OINIl Bo Bpemst rocmmrammsanuu y mnanueHtoB ¢ OJIXCH cocraBuma 14%
(n = 15). I'pynnst ¢ Hammauem u 6e3 OINII Ob1IM cOmOCTaBUMBI 1O KITMHHKO-AEMOTpaUIeCKUM MOKA3aTeIIsIM,
KIMHIYECKOMY COCTOSTHHIO.

[Mamments! B rpynme OIIIl Ha MOMEHT rocnuTanu3anuy UMenu 6onee BeIcOKui ypoBeHb NT-proBNP, Gonee BbI-
pakeHHbIE HapyIIeHNs PYHKIIMOHAILHOTO COCTOSHUS MOUEK, KOTOPBIE COXPAHSITHCH B TeueHue | roga. B teuenue
NepHo/ia HaOIIOACHNS HE BBIBICHO PA3INIMil MO KIMHUYECKAM U 1a0OPaTOPHBIM JTAaHHBIM.

Hamuuue OIIII B nepuoa rocrimtanuzanuu y naipentoB ¢ OJIXCH 1ocToBepHO MOBBIIIAET PUCK BOZHUKHOBEHUS
KOMOWHHMPOBAHHBIX MOYCYHBIX U CEPACYHO-COCYIUCTHIX UCXOJOB B TeUeHHE | roja HaOmoaeHus (OTHOILICHUE
puckoB 7,6; 95%-it noBeputenbHbIi HHTEpBaAL: 2-29; p = 0,003).

3axmaouenne. Passurne OIII y marmentoB ¢ OJAIXCH sBiisieTcst mpeIMKTOpoM HeOIaronpHsTHOTO IIPOTHO3a B
OTHOIICHNH KOMOMHHUPOBAHHBIX MOYEUHBIX M CEPJICUHO-COCYIUCTBIX HCXO/I0B B TeUeHHe 1 roxa.

KuroueBrble ciioBa: ocTpas ACKOMIICHCalus cepzte'moﬁ HEAOCTATOYHOCTHU, OCTPOC MOBPEKACHUC ITOYEK, ITPOTHO3

KonpaukT unTepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX M MOTEHIMAIBHBIX KOH(OINKTOB HHTEPECOB,
CBSI3aHHBIX C MyOJUKaNKeil HACTOSIIECH CTaThH.

HUctouHuk q)PlHchl/IpOBaHPlﬂ. ABTOpI:I 3asIBIISIIOT 00 OTCYTCTBUU (bI/IHaHCI/IpOBaHI/IH TpU MPOBEACHUUN UCCIIEN0-
BaHUA.

CooTBeTcTBHE MPUHIMINAM ITHKH. Bece mannenTs! noamucany MHGOPMUPOBAHHOE COTJIacHe Ha y4acTHE B HC-
cienoBannu. MccienoBanne o106peHo IokanbHbIM dTideckuM kKomureroM PYJIH nwm. Tatpuca JlymyMOBL.

Jns uutupoBanus: Kobanasa XK.J[., Konrapesa H.U., TonkaueBa B.B., Kapanetsiun JI.B. IIpornocriueckoe
3HAYEHUE OCTPOrO MOBPEXKIECHHS MOYEK Y MAMEHTOB, FOCIUTAIM3UPOBAHHBIX C OCTPON JIEKOMIICHCAIUENW XPO-
HUYCCKOW CEpJIeYHOU HEIOCTATOYHOCTU. bromtemens cubupckoti meouyunsl. 2025;24(2):52-58. https://doi.
org/10.20538/1682-0363-2025-2-52-58.
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INTRODUCTION

Acute kidney injury (AKI) is a sudden decline
in kidney function, which is a common problem
in people admitted to hospital. The incidence is
estimated between 7 and 18% amongst in-patients
with the incidence reaching 70% in intensive care
units [1], making AKI one of the most common
complications following hospital discharge. AKI is a
common concomitant syndrome in patients with heart
failure (HF), with an average incidence of 13—-20% [2,
3]. According to the meta-analysis, which included 37
studies, it was found that the overall incidence of AKI
in patients with HF is even higher and amounts to 33%
[4]. The high incidence of AKI in patients with HF
may be due to multiple reasons. First, patients with
HF are more likely to have reduced renal perfusion
due to systolic or diastolic dysfunction. Second,
a considerable number of patients may have had
underlying chronic HF, a condition associated with
chronic renal impairment [4].

A number of studies have shown that AKI is a robust
independent predictor of both in-hospital and one-year
mortality for HF patients [2, 5]. AKI is independently
associated with a higher risk of cardiovascular
complications and recurrent hospitalizations due to
ADCHEF after hospital discharge [6—8]. Thisrelationship
is also associated with a higher likelihood of chronic
kidney disease (CKD), expedited progression to end-
stage renal disease, and a decline in health-related
quality of life [3, 9]. Thus, early detection of patients
at risk of AKI is essential for improving outcomes [5].
However, most of these studies were conducted mainly
in patients with stable HF.

Thus, it is important to determine the prognostic
value of AKI in relation to combined renal and
cardiovascular outcomes during one year follow-up in
patients who were hospitalized for ADCHF.

MATERIALS AND METHODS

The study included 108 patients hospitalized with
ADCHF in Vinogradov Clinical Hospital in Moscow.
The study did not include patients with chronic kidney
disease (CKD) stage 5 receiving renal replacement
therapy, acute coronary syndrome, malignant
neoplasms receiving active antitumor treatment, and
mobility impairment with serious medical state, which
makes it impossible to discharge a patient.

The study was performed in accordance with the
standards of Good Clinical Practice and the principles
of the Helsinki Declaration. The research protocol was

approved by the local ethics committee. All patients
signed an informed consent prior to the examination
procedures.

All patients underwent a standard physical
examination and laboratory and instrumental
examinations. The clinical condition of the RSCS was
assessed, the serum creatinine level was determined
with the calculation of GFR according to the formula
CKD-EPI 2021, the level of natriuretic peptide
(NTproBNP), and the ratio of albumin to creatinine in
urine at admission and discharge.

AKI was diagnosed according to the KDIGO
criteria (Kidney Disease: Improving Global Outcomes)
when serum creatinine increased by 0.3 mg/dl (26.5
mcmol/l) for 2 days or by 50% for 7 days.

Renal and cardiovascular outcomes were assessed
during outpatient follow-up 3, 6, and 12 months
after discharge. The total mortality and repeated
hospitalizations for ADCHF were determined by the
combined cardiovascular outcome. Renal outcomes
included deterioration of renal function in the form of
a decrease in GFR > 15% of baseline and a decrease
in GFR < 30 ml/min/1.73 m? The clinical and
demographic characteristics of the patients who were
included in the study are presented in Table 1.

Table 1

Clinical and Demographic Characteristics of Patients
Included in the Study, » = 108

Parameter Value
Gender (male), 7 (%) 64 (60%)
Age, years M+SD 68+11
BMI, kg/m?, M+SD 30+£6
Left ventricular ejection fraction, %, M+SD 43 £12
Left ventricular ejection fraction <40%, n (%) 44 (41%)
Arterial hypertension, n (%) 99 (92%)
Obesity, n (%) 44 (41%)
Coronary heart disease, 7 (%) 55 (51%)
Atrial fibrillation or flutter, n (%) 64 (59%)
Chronic kidney disease before hospitalization, 7 (%) | 28 (26%)
Diabetes mellitus, 7 (%) 38 (35%)
Anemia, n (%) 20 (19%)
Chronic ol?structive pulmqnary disease or bronchial 16 (15%)
asthma (without exacerbation), n (%)

The statistical analysis was carried out using the
StatTech v. 3.1.8 software (developed by Stattech
LLC, Russia). Quantitative variables with a normal
distribution were described using arithmetic mean and
standard deviations M+SD. In case of an asymmetric
distribution, they were described using the median and
the interquartile range Me (Q1, Q3). Categorical data
were described as absolute values and percentages
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(n (%). In case of a normal distribution of data, the
statistical significance of the differences was assessed
using the Student’s #-test, and the Mann—Whitney
test was used for a distribution other than normal.
Pearson’s y2 test was used to compare groups by
frequency of qualitative variables. Differences were
considered statistically significant at p < 0.05.

When constructing Kaplan-Meier curves, the
frequency of reaching the combined endpoint was
estimated. Differences in reaching the primary
endpoint were assessed using the likelihood-ratio
test. To assess the prognostic significance of AKI
in relation to the onset of the combined endpoint,
univariate Cox regression analysis models were used,
the hazard ratio (HR) and 95% confidence interval
(CI) were calculated. Differences were considered
statistically significant at p < 0.05.

RESULTS

The incidence of AKI during hospitalization
in patients with ADCHF was 14% (n = 15). Then,
clinical, demographic, and laboratory parameters
were analyzed depending on the presence of AKI
(Table 2). The groups were comparable in terms of
the main clinical and demographic characteristics, as
well as clinical profile (RSCS). Patients from the AKI
group had higher serum creatinine and NT-proBNP
levels, as well as albumin/creatinuria.

Table 2

Clinical, Demographic and Laboratory Parameters of Patients
with ADCHF Depending on the Presence of AKI at Admission

End of table 2

Patients with Patients
Parameter AKI without AKI
(n=15) (n=93)
Anemia, n (%) 5(33.3) 15 (16.1)
Chronic obstructive pulmonary
disease or bronchial asthma 4(26.7) 12 (12.9)
(without exacerbation), n (%)
Laboratory parameters
.. 99.45 +
Creatinine, mcmol/l 186.73 £34.02 23 70*
. 29.00 [25.5; 63.00 [45.4;
- 2 s >
GFR-EPI, ml/min/1.73 m 33.5] 65.6]%**
Albumin/creatinine in urine, 49[3.5:128.5] | 17 [4: 64]*
mg/g
1,370.5 [996; 1,042 [288;
NT-proBNP, pg/ml 1.975] 1.675]*

*p <0.05, **¥p <0.01, ***p <0.001 when comparing groups.

The dynamics of laboratory parameters during
one-year follow-up is shown in Table 3. In the group
of patients who developed AKI during hospitalization,
significantly higher creatinine values were noted
after 3, 6, and 12 months, lower GFR values after 3
months, higher values of the albumin/creatinine ratio
in urine after 3 and 6 months of follow-up. There were
no significant differences in the clinical condition
assessed on the RSCS and the level of NT-proBNP
during follow-up. After 3 months of follow-up, 43.5%
(n = 47) of patients were diagnosed with CKD, while
17.5% (n = 19) of patients were diagnosed with de
novo CKD. After 6 and 12 months of follow-up, no
new cases of CKD were detected.

Patients with Patients Table 3
Parameter A}? w1tho:1t AKI Changes in Laboratory Parameters during
(=15 (n=93) One-Year Follow-Up, Me (Q,; Q,)
Clinical and demographic parameters . . s .
Gender (male), n (%) 11 (786) 53 (570) Parameter Patlel’ltS_VVllth AKI Patients vzlthout AKI
Age, years, M + SD 67.0+10.0 68.0+11.0 (n= :5). (n=93)
Left ventricular ejection fraction, 4024131 43.1412.1 Creatinine, memol/l
%, M + SD ’ : : : 3 months 121 [102; 132.5] 91 [77; 109]**
i iecti i 6 months 117 [89; 139 91,5 [77; 114.03]*

I;th 0/ventr})cular ejection fraction 6 (40.0) 38 (40.8) [ 4 1 [ . **]

0, 1 (%) 12 months 122 [94; 142] 94 [79; 166]

— - ;

RSCS score uRon admission, 6.5 [6: 8] 7.01[5: 9] GFR, ml/min/1.73 m
points, Me (Q,; O.) 3 months 59 [41; 71] 70 [54; 89]*
RSCS .score at discharge, points, 4011: 5] 40102: 5] 6 months 61 [38.5;76.5] 69 [52; 90]
Me (Q; Q) 12 months 52 [36.5; 70] 66 [48; 86]
Arterial hypertension, n (%) 15 (100) 84 (90.3) Albumin/creatinine in urine, mg/g
Obesity, n (%) 8(53.3) 36 (38.7) 3 months 38 [19; 118] 13 [4; 33]**
BMI, kg/m?, M + SD 33.2+7.3 30.0+6.1 6 months 26 [13; 87.5] 11 [4.25; 30]*
Coronary heart disease, n (%) 10 (66.7) 45 (48.4) 12 months 22 [4.5; 51.5] 12 [3; 31]
Atrial fibrillation or flutter, n (%) 6 (40.0) 58 (61.14) NT-proBNP, pg/ml
Chronic kidney disease before 2(133) 26 (28) 3 months 425 [85; 933.3] 601 [296.7; 942.2]
hospitalization, n (%) ) 6 months 1,067 [510; 1,486] 716 [349.8; 1,440.5]
Diabetes mellitus, 7 (%) 8(53.3) 30(32.3) 12 months 1,290 [781.8; 1,400] 1,133 [466.5; 2,400]
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End of table 3

Parameter Patients with AKI Patients without AKI
(n=15) (n=93)
RSCS score, points
3 months 2.5[2;4.75] 3.5[2;5]
6 months 2[2;3.75] 3[2;4]
12 months 2.5[1;4.25] 3[2;4]

*p <0.05, **p <0.01, ***p < 0.001 when comparing groups.

The incidence of adverse cardiovascular outcomes
for one-year follow-up was 38% (n = 41), including 5
deaths and 36 hospitalizations for ADCHF, and 30.5%

(n=33) had an unfavorable renal outcome in the form
of a decrease in GFR by more than 15% per year. At
the same time, 14% (n = 15) of patients had both renal
and cardiovascular outcomes.

To identify the main predictors of combined renal
and cardiovascular outcomes, Cox regression analysis
was performed during one-year follow-up. It revealed
that the development of AKI during hospitalization
was significantly associated with a higher probability
of developing combined renal and cardiovascular
outcomes during one-year follow-up (HR = 7.6; 95%
CI: 2-29; p = 0.003).

=~ Control

100 4 —— AKI
R0 1
=X
Eﬂ 60 |
: 1
3 [ — J[ ...........................
g .
B
20 —‘
0 T T T T T T T
0.00 50.00  100.00 150.00 200.00 250.00  300.00  350.00
Time before the outcome (combined renal and cardiovascular)
Control
Obsge‘;fé‘;:ds = 2 7 " o s e = Fig. Kaplan-Meier curves (renal and
Events 0 4 16 19 24 28 29 30 cardiovascular outcomes) depending on the
o t{*KI development of AKI during hospitalization
servations | § 15 9 ¥ 5 4 3 . . .
Censored () i 0 0 0 0 0 0 in patients with ADCHF, n = 108
Events 1] [} 6 7 111} 1} 12 12
DISCUSSION Venous hypertension leads to a decrease in perfusion,

AKI is characterized by a sudden decrease in renal
function, which is manifested by an increase in serum
creatinine or a decrease in the level of diuresis [10].
The presence of AKI is highly common among patients
admitted to the hospital for ADCHF. In a cohort of
30,529 patients with acute and chronic HF, the incidence
of AKI was 10.4% [2]. In this study, the incidence of
AKI in patients hospitalized for ADCHF was consistent
with literature data and amounted to 14%.

Congestive phenomena in ADCHF affect
pathophysiological regulation of kidney function.

an increase in interstitial pressure in the kidneys, a
decrease in the gradient of arterial and venous renal
pressure, a decrease in GFR, inadequate autoregulatory
reactions, and other neurohumoral imbalances. Higher
renal pressure weakens glomerular filtration, causes
tubular collapse and tubulointerstitial fibrosis [11].

A number of studies have shown that AKI is
associated with serious long-term problems in patients,
including the development or progression of CKD
[12, 13], renal failure, cardiovascular complications
[14, 15], and decreased survival [16].
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AKI is generally associated with the development
of CKD in the future [13], although the long-term
prognosis after AKI in HF requires clarification.
In the cohort of patients admitted with ADCHF,
deterioration of renal function was associated with
a significant increase in hospital mortality, more
frequent complications, and an increase in the duration
of hospitalization [17]. The transition of AKI to acute
kidney disease is associated with mortality within 1
year and the development of de novo CKD [18]. In this
study, de novo CKD was diagnosed in 18% (n = 19)
patients after 3 months of follow-up. The association
of acute kidney disease with short-term (90 days)
[19] and long-term (5 years) [20] adverse prognosis
(risk of mortality and adverse renal events) has been
demonstrated.

This study showed that the development of AKI
during hospitalization in patients with ADCHF was
associated with a higher probability of developing
combined renal and cardiovascular outcomes during
one-year follow-up (HR = 7.6; 95% CI = 2-29; p =
0.003), which is consistent with the literature data.
A meta-analysis of 11 studies showed that hospital
mortality is higher in patients with AKI than in
patients without AKI (HR = 3.65; 95% CI: 3.04-4.39,
p < 0.001). Mortality was assessed in five studies,
and it was found that the mortality rate remained
high during one-year follow-up after AKI (HR =
1.85; 95% CI: 1.54-2.22, p < 0.001) [4]. AKI was
associated with a higher mortality rate within 30
days after hospitalization for HF (HR = 5.3; 95% CI:
2.2-13.2) [21]. In patients with HF and normal initial
renal function admitted with acute renal failure who
developed AKI, increased hospital mortality was
observed: 4.9% vs. 1.6%, adjusted odds ratio (OR)
3.21; p<0.001 [3].

CONCLUSION

The development of AKI during hospitalization in
patients with ADCHF is a predictor of an unfavorable
prognosis for combined renal and cardiovascular
outcomes during one-year follow-up.
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