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INTRODUCTION

ABSTRACT

Background: Worsening renal function (WRF) is a frequent and clinically important
complication among patients hospitalized with acute heart failure (AHF), leading to increased
morbidity, prolonged hospitalization, and poor clinical outcomes. Early identification of
patients at high risk of WRF may facilitate timely intervention and improve prognosis. Aim of
the study: To identify the predictors of worsening renal function in patients hospitalized with
acute heart failure and evaluate its association with in-hospital clinical outcomes. Methods &
Materials: This prospective observational study was conducted in the Departments of
Nephrology and Cardiology at Bangladesh Medical University, Dhaka, Bangladesh, from June
2023 to March 2025. A total of 58 adult patients admitted with acute heart failure and baseline
serum creatinine <1.3 mg/dL were enrolled. Worsening renal function was defined as an
increase in serum creatinine of 20.3 mg/dL within 48 hours or 21.5 times the baseline value
within seven days. Demographic, clinical, laboratory, echocardiographic, and biomarker data,
including urinary TIMP-2xIGFBP-7, were collected. Independent predictors of WRF were
identified using multivariable logistic regression analysis. Result: Worsening renal function
developed in 23 (39.7%) patients. Patients with WRF more frequently had diabetes mellitus
(60.9% vs. 31.4%, p=0.027), previous heart failure admission (65.2% vs. 37.1%, p=0.034),
NYHA class 1V symptoms (69.6% vs. 51.4%, p=0.048), lower estimated glomerular filtration
rate, lower serum albumin, higher inflammatory markers, elevated NT-proBNP, and markedly
increased urinary TIMP-2xIGFBP-7 levels (all p<0.05). Hospital stay was significantly longer
(9.243.1vs. 6.4+2.3 days, p<0.001), and ICU admission was more frequent among patients with
WRF (43.5% vs. 17.1%, p=0.030). Multivariable logistic regression identified diabetes mellitus
(adjusted OR=2.74, p=0.048), previous heart failure admission (adjusted OR=2.96, p=0.044),
serum albumin <3.5 g/dL (adjusted OR=3.41, p=0.046), eGFR <70 mL/min (adjusted OR=3.84,
p=0.026), NT-proBNP >5000 pg/mL (adjusted OR=3.67, p=0.032), and urinary TIMP-2xIGFBP-
7 >0.312 (adjusted OR=13.94, p<0.001) as independent predictors of WRF. Conclusion:
Worsening renal function occurred in nearly two-fifths of hospitalized patients with acute
heart failure and was associated with adverse in-hospital outcomes. Diabetes mellitus,
previous heart failure admission, impaired renal function, hypoalbuminemia, elevated NT-
proBNP, and particularly increased urinary TIMP-2xIGFBP-7 independently predicted WRF.
Early risk stratification using these clinical and biomarker-based predictors may improve
patient monitoring and optimize management strategies.
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0.26-0.28% of the population, although comprehensive

Acute heart failure (AHF) is a clinical syndrome characterized
by the rapid onset or worsening of signs and symptoms of heart
failure requiring urgent hospitalization and prompt medical
treatment [12]. WRF represents a manifestation of cardio-renal
syndrome, in which dysfunction of the heart adversely affects
kidney function through complex hemodynamic and
neurohormonal mechanisms [B4l. Worldwide, heart failure
affects more than 64 million people, and approximately 20-
30% of patients hospitalized with AHF develop WRF [14l. The
prevalence of heart failure in Bangladesh is approximately

nationwide data on hospitalized acute heart failure and
worsening renal function are still lacking [5]. The development
of WRF in AHF is multifactorial. Reduced cardiac output leads
to inadequate renal perfusion, while elevated central venous
pressure causes renal venous congestion, both of which impair
glomerular filtration (671, In addition, activation of the renin-
angiotensin-aldosterone system and sympathetic nervous
system, systemic inflammatory responses, oxidative stress, and
endothelial dysfunction further aggravate renal injury [38l.
Although diuretics are essential for relieving congestion,
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excessive diuresis or intravascular volume depletion may also
contribute to deterioration of renal function in susceptible
patients [9101. Consequently, the interaction between cardiac
dysfunction, renal hypoperfusion, congestion, and therapeutic
interventions creates a complex clinical scenario that often
complicates the management of hospitalized patients with
AHF. The occurrence of WRF importance have demonstrated
that patients who develop WRF experience prolonged hospital
stays, increased healthcare costs, higher rates of
rehospitalization, and greater short- and long-term mortality
than those with preserved renal function [411. Early
recognition of patients at risk provides an opportunity for
careful hemodynamic assessment, individualized fluid and
diuretic management, timely monitoring of renal function, and
implementation of appropriate preventive strategies [10.12],
Accurate prediction of WRF may also support risk
stratification, optimize resource utilization, and improve
overall patient outcomes. However, prediction remains
challenging because renal function is influenced by multiple
interacting clinical, laboratory, and treatment-related factors,
and transient increases in serum creatinine do not always
reflect irreversible kidney injury [3.13]. Advanced age, diabetes
mellitus, pre-existing renal dysfunction, impaired left
ventricular systolic function and severe congestion have been
recognized as major risk factors of worsening renal function in
patients hospitalized with acute heart failure. Elevated
natriuretic peptide levels, hypotension and high-dose loop
diuretic therapy have also been associated with an increased
risk of worsening renal function. However, these associations
have not been consistently demonstrated because of
differences in study populations, study design, diagnostic
criteria and treatment strategies across studies [10.12.14],
Furthermore, evidence from low- and middle-income
countries, particularly Bangladesh, is scarce, limiting the
applicability of international findings to the local population.
Therefore, identifying reliable predictors of worsening renal
function among patients hospitalized with acute heart failure is
essential to facilitate early diagnosis, optimize therapeutic
decision-making, and reduce preventable renal complications.
The study aimed to identify the predictors of worsening renal
function in patients hospitalized with acute heart failure and to
evaluate their association with in-hospital clinical outcomes.

METHODS & MATERIALS

This prospective observational study was conducted in the
Departments of Nephrology and Cardiology at Bangladesh
Medical University (BMU), Dhaka, Bangladesh, between June
2023 and March 2025. Adult patients admitted with a diagnosis
of acute heart failure, including acute de novo heart failure and
acute decompensated chronic heart failure, were consecutively
screened for eligibility. A total of 58 patients completed the
study and were included in the final analysis. Participants were
classified into two groups according to the development of
worsening renal function during hospitalization:

WREF group (n=23): Patients with baseline serum creatinine
<1.3 mg/dL who developed an increase in serum creatinine
20.3 mg/dL within 48 hours or 1.5 times the baseline value
within seven days.

No WRF group (n=35): Patients with baseline serum
creatinine <1.3 mg/dL who did not meet the above criteria
during hospitalization.

Urine output criteria were not used for diagnosing WRF
because diuretic therapy in acute heart failure may
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substantially influence urine volume and reduce the diagnostic
reliability of this parameter.

Inclusion Criteria:

e Age=218years.

e Hospitalization with acute heart failure (acute de
novo heart failure or acute decompensated chronic
heart failure) diagnosed based on clinical
presentation, physical examination,
echocardiography, and laboratory findings.

e Baseline serum creatinine <1.3 mg/dL on admission.

Exclusion Criteria:

e Coronary angiography or percutaneous coronary
intervention within +7 days of admission.

e Planned coronary artery bypass grafting or valvular

heart surgery during the study period.

Known thyroid dysfunction.

Current treatment with anticancer medications.
End-stage renal disease or dialysis dependence.
Active systemic infection or sepsis.

Conditions likely to interfere with renal biomarker
interpretation.

Ethical Considerations

The study protocol was approved by the Ethical Review
Committee of Bangladesh Medical University, Dhaka,
Bangladesh. Written informed consent was obtained from all
participants before enrolment. Confidentiality of participant
information was maintained throughout the study, and
participants were informed of their right to withdraw from the
study at any stage without affecting their medical care.

Study Procedure

Urine samples were obtained within 24 hours of admission for
measurement of urinary TIMP-2 and IGFBP-7. Midstream urine
samples were collected under aseptic conditions, centrifuged,
aliquoted, and stored at -80°C until analysis. Urinary TIMP-2
and IGFBP-7 concentrations were measured using
commercially available enzyme-linked immunosorbent assay
(ELISA) kits according to the manufacturer's instructions. The
combined biomarker, urinary [TIMP-2] x [IGFBP-7], was
calculated and expressed as (ng/mL)%/1000.

Venous blood samples were collected at admission and during
follow-up (48 hours and day 7). Serum creatinine was
measured using the Jaffe kinetic method on the Atellica CH
Analyzer (Siemens Healthcare Diagnostics, Germany)
according to the manufacturer's instructions. The measured
values were used to calculate estimated glomerular filtration
rate (eGFR) and to identify worsening renal function.

Data Collection

Baseline demographic characteristics, cardiovascular risk
factors, comorbidities, smoking status, previous cardiovascular
events, medication history, and clinical findings were collected
using a structured data collection form. Heart failure
characteristics, including the type of heart failure (acute de
novo or acute decompensated chronic heart failure), New York
Heart Association (NYHA) functional class, heart failure
phenotype (HFrEF, HFmrEF, or HFpEF), and left ventricular
ejection fraction (LVEF), were recorded. Laboratory
investigations performed at admission included complete
blood count, serum creatinine, estimated glomerular filtration
rate (eGFR), blood urea, serum sodium, serum albumin, and C-
reactive protein (CRP). Cardiac biomarkers, including N-
terminal pro-B-type natriuretic peptide (NT-proBNP) and
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high-sensitivity cardiac troponin I (hs-Troponin-I), were
measured. Urine samples collected within 24 hours of
admission were analysed for tissue inhibitor of
metalloproteinase-2 (TIMP-2) and insulin-like growth factor-
binding protein-7 (IGFBP-7), and the combined biomarker was
expressed as urinary [TIMP-2] x [IGFBP-7]. Serum creatinine
was reassessed at 48 hours and on day 7 to determine the
development of worsening renal function. Information on in-
hospital pharmacological treatment, including angiotensin-
converting enzyme inhibitor/angiotensin receptor blocker
(ACEI/ARB), loop diuretics, mineralocorticoid receptor
antagonists, and sodium-glucose cotransporter-2 (SGLT2)
inhibitors, as well as hospital outcomes such as length of
hospital stay and intensive care unit (ICU) admission, was also
recorded.

Statistical Analysis

Statistical analyses were performed using SPSS version 23.0
(IBM Corp., Armonk, NY, USA). Continuous variables were
expressed as mean * standard deviation (SD), whereas
categorical variables were presented as frequency and
percentage. Comparisons between the WRF and No WRF
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groups were performed using the independent-samples t-test
or Mann-Whitney U test for continuous variables, depending
on data distribution, and the Chi-square test for categorical
variables. Variables associated with worsening renal function
in univariate analysis (p<0.05) or considered clinically relevant
were entered into a multivariable binary logistic regression
model to identify independent predictors of worsening renal
function. The strength of association was expressed as odds
ratios (ORs) or adjusted odds ratios (AORs) with
corresponding 95% confidence intervals (CIs). A p-value of
<0.05 was considered statistically significant.

RESULT

Patients with WRF had a higher mean age than those without
WRF (67.91+8.66 and 55.85+10.79 years), although the
difference was not statistically significant (p=0.381). Male
participants predominated in both groups (65.22% and
74.29%, p=0.458). Mean BMI was higher in the WRF group
(25.86+5.03 and 23.61+4.33 kg/m?), without statistical
significance (p=0.184) Table I.

Table I: Socio-demographic characteristics of the study participants (n=58)

. WRF (n=23 No WRF (n=35

Variable n ( ) % n ( ) % p-value
Age (years)
Mean+SD 67.91+8.66 55.85+10.79 0.381
Gender
Male 15 65.22 26 74.29 0.458
Female 8 34.78 9 25.71
BMI (kg/m?)
Mean+SD 25.86+5.03 23.61+4.33 0.184

Diabetes mellitus (60.87% and 31.43%) and previous heart
failure admission (65.22% and 37.14%) were significantly
more frequent among patients with WRF. Hypertension was
observed in 73.91% of the WRF group compared with 51.43%
of the non-WRF group (p=0.087). Current smoking (47.83%

and 28.57%), dyslipidaemia (56.52% and 42.86%), previous
MI (34.78% and 20.00%), previous stroke (21.74% and
8.57%), and CKD history (26.09% and 8.57%) showed no
statistically significant differences between groups (Table II).

Table II: Baseline comorbidities and cardiovascular risk factors (n=58)

. WRF (n=23 No WRF (n=35
Variable n ( ) % n ( )0 7 p-value
Current smoker 11 47.83 10 28.57 0.132
Hypertension 17 7391 18 51.43 0.087
Diabetes mellitus 14 60.87 11 31.43 0.027
Dyslipidaemia 13 56.52 15 42.86 0.304
Previous MI 8 34.78 7 20.00 0.213
Previous stroke 5 21.74 3 8.57 0.156
CKD history 6 26.09 3 8.57 0.071
Previous heart failure admission 15 65.22 13 37.14 0.034

Acute decompensated chronic heart failure and HFrEF were
the predominant in both groups (65.22% and 60.00%)
followed by HFmrEF and HFpEF. NYHA IV was more common
among patients with WRF whereas NYHA III predominated in

those without WRF (p=0.048). Mean LVEF was lower in the
WRF group (37.8411.5% and 41.6+10.8%), although the
difference was not statistically significant (p=0.488) Table III.
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Table III: Heart failure characteristics at admission (n=58)

WRF (n=23) No WRF (n=35)

Variable n % n % p-value

Acute de novo HF 8 34.78 14 40.00 0.692
Acute decompensated chronic HF 15 65.22 21 60.00 )
NYHA III 7 30.43 17 48.57 0.048
NYHA IV 16 69.57 18 51.43 )
HFrEF 15 65.22 21 60.00

HFmrEF 6 26.09 7 20.00 0.661
HFpEF 2 8.70 7 20.00

LVEF (%), Mean+SD 37.8+11.5 41.6+10.8 0.488

Patients with WRF had significantly higher total WBC count and lower serum sodium (135.30£6.97 and 135.88%4.70
(10.8+3.2 and 8.9+2.4x10°/L), lower eGFR (67.78%4.13 and mmol/L). Haemoglobin, serum creatinine, and blood urea were
79.00£7.12 mL/min), lower serum albumin (3.31+0.42 and comparable between groups (Table IV).

3.71£0.39 g/dL), higher CRP (18.4+8.6 and 11.8+5.7 mg/L),

Table IV: Laboratory profile of patients on admission (n=58)

Variable WRF (Mean#SD) No WRF (MeanSD) p-value
Haemoglobin (g/dL) 11.07+2.10 11.92+1.82 0.416
Total WBC (x10°/L) 10.8+3.2 8.9+2.4 0.016
Serum creatinine (mg/dL) 1.03+0.18 0.97+0.16 0.172
eGFR (ml/min) 67.78+4.13 79.00+7.12 0.036
Blood urea (mg/dL) 18.13+3.23 14.43+3.74 0.247
Sodium (mmol/L) 135.30+6.97 135.88+4.70 0.009
Albumin (g/dL) 3.31+0.42 3.71+0.39 <0.001
CRP (mg/L) 18.4+8.6 11.8+5.7 0.001
Patients with WRF demonstrated significantly higher NT- and 6.4+2.3 days), and ICU admission was more frequent
proBNP (p<0.001), hs-troponin-I (p=0.002), and urinary TIMP- (43.48% and 17.14%) Table V.

2x]GFBP-7 (p<0.001). Medication use was similar between
groups. Hospital stay was longer in patients with WRF (9.2+3.1

Table V: Cardiac biomarkers, medications and hospital outcome among participants (n=58)

WRF (n=23) No WRF (n=35)

Variable n % n % p-value
Biomarker
NT-proBNP (pg/mL) 7260+2845 4525+2080 <0.001
hs-Troponin-I (ng/L) 84+39 55+28 0.002
Urinary TIMP-2xIGFBP-7 1.01+0.56 0.24+0.11 <0.001
Medication
ACEI/ARB use 11 47.83 13 37.14 0.419
Loop diuretic use 18 78.26 28 80.00 0.873
Mineralocorticoid antagonist 14 60.87 18 51.43 0.474
SGLT2 inhibitor 5 21.74 11 31.43 0.417
Hospital Outcome
Length of stay (days) 9.243.1 6.4+2.3 <0.001
ICU admission 10 43.48 6 17.14 0.03

Table VI shows age 270 years (OR 2.41, p=0.031), diabetes p=0.002), NT-proBNP >5000 pg/mL (OR 5.13, p=0.003), and
mellitus (OR 3.39, p=0.027), previous heart failure admission urinary TIMP-2xIGFBP-7 >0.312 (OR 18.62, p<0.001) as factors
(OR 3.17, p=0.036), NYHA class IV (OR 2.82, p=0.047), albumin associated with WRF.

<3.5 g/dL (OR 4.25, p=0.009), eGFR <70 mL/min (OR 5.62,

Table VI: Factors associated with worsening renal function

Variable OR 95% CI p-value
Age 270 years 241 1.10-5.82 0.031
Diabetes mellitus 3.39 1.15-9.98 0.027
Previous HF admission 3.17 1.08-9.31 0.036
NYHA IV 2.82 1.01-7.89 0.047
Albumin <3.5 g/dL 4.25 1.42-12.69 0.009
eGFR <70 5.62 1.88-16.83 0.002
NT-proBNP >5000 5.13 1.71-15.37 0.003
TIMP-2xIGFBP-7 >0.312 18.62 5.22-66.44 <0.001
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Table VII demonstrated that diabetes mellitus (adjusted OR
2.74, p=0.048), previous HF admission (adjusted OR 2.96,
p=0.044), serum albumin <3.5 g/dL (adjusted OR 3.41,
p=0.046), eGFR <70 mL/min (adjusted OR 3.84, p=0.026), NT-
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proBNP >5000 pg/mL (adjusted OR 3.67, p=0.032), and
urinary TIMP-2xIGFBP-7 >0.312 (adjusted OR 13.94, p<0.001)
remained independent predictors of worsening renal function.

Table VII: Independent predictors of worsening renal function

Variable Adjusted OR 95%CI p-value
Diabetes mellitus 2.74 1.01-7.46 0.048
Previous HF admission 2.96 1.03-8.54 0.044
Albumin <3.5 g/dL 3.41 1.02-11.38 0.046
eGFR <70 ml/min 3.84 1.18-12.52 0.026
NT-proBNP >5000 pg/mL 3.67 1.12-12.02 0.032
TIMP-2xIGFBP-7 >0.312 13.94 3.58-54.24 <0.001

DISCUSSION

Worsening renal function (WRF) remains a frequent and
prognostically important complication of acute heart failure,
highlighting the need for early identification of patients at high
risk for adverse clinical outcomes [15. Patients with WRF were
older than those without WRF, although the difference was not
statistically significant. Similarly, male predominance was
observed in both groups and body mass index (BMI) was
slightly higher among patients with WRF. It is consistent with
Forman et al, who evaluated 1,004 patients hospitalized with
heart failure and patients who developed WRF tended to be
older; however, age and sex were not independent predictors
(161, Similarly, Jones et al., demonstrated that advanced age and
male sex were associated with adverse heart failure outcomes
(17]. The significant association between diabetes mellitus and
WRF in our study is consistent with Forman et al, who
identified diabetes as an independent predictor of WRF in
hospitalized HF patients [16l. Our observation that previous HF
admission was significantly associated with WRF also agrees
with Butler et al, who found that patients with recurrent HF
admissions experienced a substantially higher incidence of
WRF during hospitalization, independent of the intensity of
diuretic therapy or ACE inhibitor use [18l. Although
hypertension (73.9% and 51.4%) and previous CKD (26.1%
and 8.6%) were more common among patients with WREF,
statistical significance was not achieved. A study by Damman et
al. confirmed that baseline CKD substantially increases the risk
of WRF and mortality in HF populations, although its predictive
value may vary according to study size and patient
characteristics [4l. In the present study, acute decompensated
chronic heart failure (ADCHF) was the predominant
presentation in both groups, with no significant difference
(65.22% and 60.00%, p=0.692). Our findings are consistent
with the study by Forman et al., who reported that patients
presenting with more advanced HF symptoms and previous HF
episodes had a significantly greater risk of developing WRF
during hospitalization [16]. The significant association between
NYHA class IV and WRF in our study is also supported by the
KorAHF Registry, which demonstrated that worsening renal
function occurred more frequently among patients with
advanced HF and was associated with poorer in-hospital and
long-term outcomes [19], Similarly, Breidthardt et al. found that
WRF was associated with increased mortality and prolonged
hospitalization [20l. The significantly lower eGFR observed in
the WRF group (p=0.036). Similarly, Kawase et al. found that
reduced admission eGFR independently predicted WRF in
patients with acute decompensated HF [21l. Qur finding of
significantly lower serum albumin among patients with WRF
(p<0.001). Clarke et al. demonstrated that baseline albumin
<3.0 g/dL was the only independent predictor of WRF among
patients with acute decompensated HF receiving continuous
loop diuretic therapy [22]. The higher WBC count and CRP levels

observed in the WRF group also supported by Garofalo et al.,
who showed that inflammatory activation contributes to
endothelial dysfunction and renal injury [23]. Patients with WRF
had lower serum sodium despite comparable admission serum
creatinine levels. Aronson et al. demonstrated that
hyponatraemia is an independent predictor of WRF in acute
heart failure (241, The significantly higher NT-proBNP levels in
the WRF group are consistent with the findings of Ibrahim et al.
reported that combining IGFBP-7 with NT-proBNP improves
diagnostic and prognostic assessment in acute heart failure [251.
The markedly higher urinary TIMP-2xIGFBP-7 concentrations
in patients with WRF support by Schanz et al, who
demonstrated that urinary [TIMP-2]x[IGFBP-7] accurately
predicts AKI in acute decompensated heart failure [26l. The
significantly higher hs-troponin I levels in patients with WRF
indicate greater myocardial injury. Peacock et al. demonstrated
that elevated troponin in acute heart failure is associated with
adverse clinical outcomes [271. The comparable use of
ACEI/ARB, loop diuretics, mineralocorticoid receptor
antagonists, and SGLT2 inhibitors between groups is consistent
with the Meunier-McVey N (2021), which emphasize that mild
worsening renal function alone should not prompt
discontinuation of guideline-directed medical therapy unless
accompanied by significant acute kidney injury or
haemodynamic instability [28]. Patients with WRF experienced
longer hospitalization and more frequent ICU admission,
consistent with the findings of Wettersten et al., who reported
that WRF in acute heart failure is associated with prolonged
hospital stay and worse clinical outcomes [29]. The significant
associations of advanced age, diabetes mellitus, previous HF
admission, and NYHA class IV with WRF are consistent with the
findings of Forman et al., who identified diabetes, prior HF, and
greater clinical severity as major predictors of in-hospital WRF
(16]. Baseline renal dysfunction (eGFR <70 mL/min) was
strongly associated with WRF, consistent with Damman et al,,
who demonstrated that impaired baseline renal function is a
powerful predictor of WRF and adverse outcomes in heart
failure [4. The significant association between NT-proBNP
>5000 pg/mL and WRF is consistent with the findings of
Wettersten et al.,, who demonstrated that persistently elevated
natriuretic peptide levels identify patients with persistent
congestion in whom WRF is associated with adverse clinical
outcomes [291. Urinary TIMP-2xIGFBP-7 >0.312 was the
strongest predictor of WRF in our study. Schanz et al. showed
that urinary [TIMP-2]x[IGFBP-7] accurately predicts acute
kidney injury in acute decompensated heart failure [26l.
Diabetes mellitus, previous HF admission, reduced eGFR,
hypoalbuminaemia, elevated NT-proBNP, and urinary TIMP-
2xIGFBP-7 are key predictors of WRF. Forman et al
demonstrated that diabetes and prior HF independently
increase WRF risk, while Damman et al. identified impaired
baseline eGFR as a major determinant of renal deterioration
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[416], Wettersten et al. reported that elevated NT-proBNP

reflects persistent congestion and predicts adverse outcomes
[29],

LIMITATIONS

e Only hospitalized patients with baseline serum
creatinine <1.3 mg/dL were included; therefore, the
results may not be applicable to patients with pre-
existing chronic kidney disease or advanced renal
dysfunction.

e  Worsening renal function was assessed only during
hospitalization, and long-term renal recovery,
rehospitalization, and mortality outcomes were not
evaluated.

CONCLUSION

Worsening renal function is a common complication among
patients hospitalized with acute heart failure and is associated
with prolonged hospitalization and increased need for
intensive care. Diabetes mellitus, previous heart failure
admission, reduced baseline eGFR, hypoalbuminemia, elevated
NT-proBNP, and urinary TIMP-2xIGFBP-7 were identified as
independent predictors of worsening renal function. Among
these, urinary TIMP-2xIGFBP-7 demonstrated the strongest
predictive association, highlighting its potential role as an early
biomarker for renal injury in acute heart failure. Incorporating
clinical risk factors together with novel renal biomarkers may
facilitate early identification of high-risk patients, guide
individualized therapeutic strategies, and potentially improve
short-term clinical outcomes. Larger multicenter studies with
long-term follow-up are warranted to validate these findings
and determine their impact on clinical practice.

FUNDING
No funding sources

CONFLICT OF INTEREST
None declared

ETHICAL APPROVAL
The study was approved by the Institutional Ethics Committee.

REFERENCES

1. McDonagh T, Metra M. 2021 ESC Guidelines for the diagnosis and
treatment of acute and chronic heart failure. Russian Journal of
Cardiology. 2023 Jan 29;28(1):5168.

2. Heidenreich PA, Bozkurt B, Aguilar D, Allen LA, Byun JJ, Colvin MM,
Deswal A, Drazner MH, Dunlay SM, Evers LR, Fang JC. 2022
AHA/ACC/HFSA guideline for the management of heart failure: a
report of the American College of Cardiology/American Heart
Association Joint Committee on Clinical Practice Guidelines.
Journal of the American College of Cardiology. 2022 May
3;79(17):e263-421.

3. Rangaswami ], Bhalla V, Blair JE, Chang TI, Costa S, Lentine KL,
Lerma EV, Mezue K, Molitch M, Mullens W, Ronco C. Cardiorenal
syndrome: classification, pathophysiology, diagnosis, and
treatment strategies: a scientific statement from the American
Heart Association. Circulation. 2019 Apr 16;,139(16):e840-78.

4. Damman K, Valente MA, Voors AA, O'Connor CM, Van Veldhuisen
DJ, Hillege HL. Renal impairment, worsening renal function, and
outcome in patients with heart failure: an updated meta-analysis.
European heart journal. 2014 Feb 14;35(7):455-69.

5. Feng ], Zhang Y, Zhang ]. Epidemiology and burden of heart failure
in Asia. JACC: Asia. 2024 Apr 1;4(4):249-64.

6.  Damman K, van Deursen VM, Navis G, Voors AA, van Veldhuisen D],
Hillege HL. Increased central venous pressure is associated with
impaired renal function and mortality in a broad spectrum of
patients with cardiovascular disease. Journal of the American
College of Cardiology. 2009 Feb 17;53(7):582-8.

10.

11.

12.

13.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

ISSN: 2663-9491 e-ISSN: 2789-6897

Ronco C, Haapio M, House AA, Anavekar N, Bellomo R. Cardiorenal
syndrome. Journal of the American college of cardiology. 2008 Nov
4;52(19):1527-39.

Shamseddin MK, Parfrey PS. Mechanisms of the cardiorenal
syndromes. Nature Reviews Nephrology. 2009 Nov;5(11):641-9.
Testani JM, Chen ], McCauley BD, Kimmel SE, Shannon RP.
Potential effects of aggressive decongestion during the treatment
of decompensated heart failure on renal function and survival.
Circulation. 2010 Jul 20;122(3):265-72.

Nunez J, Mifiana G, Santas E, Bertomeu-Gonzdlez V. Cardiorenal
syndrome in acute heart failure: revisiting paradigms. Revista
Espariola de Cardiologia (English Edition). 2015 May 1,;68(5):426-
35.

Fu K, Hu Y, Zhang H, Wang C, Lin Z, Lu H, Ji X. Insights of
worsening renal function in type 1 cardiorenal syndrome: from the
pathogenesis, biomarkers to treatment. Frontiers in
Cardiovascular Medicine. 2021 Dec 14;8:760152.

Mullens W, Damman K, Testani JM, Martens P, Mueller C, Lassus ],
Tang WW, Skouri H, Verbrugge FH, Orso F, Hill L. Evaluation of
kidney function throughout the heart failure trajectory-a position
statement from the Heart Failure Association of the European
Society of Cardiology. European journal of heart failure. 2020
Apr;22(4):584-603.

Liang KV, Williams AW, Greene EL, Redfield MM. Acute
decompensated heart failure and the cardiorenal syndrome.
Critical care medicine. 2008 Jan 1;36(1):575-88.

Thind GS, Loehrke M, Wilt JL. Acute cardiorenal syndrome:
Mechanisms and clinical implications. Cleve Clin | Med. 2018 Mar
1;85(3):231-9.

Metra M, Nodari S, Parrinello G, Bordonali T, Bugatti S, Danesi R,
Fontanella B, Lombardi CM, Milani P, Verzura G, Cotter G.
Worsening renal function in patients hospitalised for acute heart
failure: clinical implications and prognostic significance. European
journal of heart failure. 2008;10(2):188-95.

Forman DE, Butler ], Wang Y, Abraham WT, O'Connor CM, Gottlieb
SS, Loh E, Massie BM, Rich MW, Stevenson LW, Young JB. Incidence,
predictors at admission, and impact of worsening renal function
among patients hospitalized with heart failure. Journal of the
American College of Cardiology. 2004 Jan 7;43(1):61-7.

Jones RC, Francis GS, Lauer MS. Predictors of mortality in patients
with heart failure and preserved systolic function in the Digitalis
Investigation Group trial. Journal of the American College of
Cardiology. 2004 Sep 1,44(5):1025-9.

Butler ], Forman DE, Abraham WT, Gottlieb SS, Loh E, Massie BM,
O'Connor CM, Rich MW, Stevenson LW, Wang Y, Young JB.
Relationship between heart failure treatment and development of
worsening renal function among hospitalized patients. American
heart journal 2004 Feb 1;147(2):331-8.

Kang ], Park ], Cho Y], Oh 1Y, Park HA, Lee SE, Kim MS, Cho H], Lee
HY, Choi JO, Hwang KK. Predictors and prognostic value of
worsening renal function during admission in HF p EF versus HF r
EF: data from the Kor AHF (Korean Acute Heart Failure) registry.
Journal of the American Heart Association. 2018 Mar
13;7(6):007910.

Breidthardt T, Socrates T, Noveanu M, Klima T, Heinisch C,
Reichlin T, Potocki M, Nowak A, Tschung C, Arenja N, Bingisser R.
Effect and clinical prediction of worsening renal function in acute
decompensated heart failure. The American journal of cardiology.
2011 Mar 1;107(5):730-5.

Kawase Y, Kadota K, Tada T, Hata R, Iwasaki K, Maruo T, Katoh H,
Mitsudo K. Predictors of worsening renal function in patients with
acute decompensated heart failure treated by low-dose
carperitide. Circulation Journal. 2016 Jan 25;80(2):418-25.

Clarke MM, Dorsch MP, Kim S, Aaronson KD, Koelling TM, Bleske
BE. Baseline albumin is associated with worsening renal function
in patients with acute decompensated heart failure receiving
continuous infusion loop diuretics. Pharmacotherapy: The Journal
of Human Pharmacology and Drug Therapy. 2013 Jun;33(6):583-
8.

Garofalo M, Corso R, Tomasoni D, Adamo M, Lombardi CM, Inciardi
RM, Gussago C, Di Mario C, Metra M, Pagnesi M. Inflammation in
acute heart failure. Frontiers in cardiovascular medicine. 2023
Nov 17;10:1235178.

Aronson D, Darawsha W, Promyslovsky M, Kaplan M, Abassi Z,
Makhoul BF, Goldberg A, Azzam ZS. Hyponatraemia predicts the

The Insight Volume 09

Number 03 July — September 2026

Page 741


https://en.wikipedia.org/wiki/Open_access

a Open Access

acute (type 1) cardio-renal syndrome. European Journal of Heart
Failure. 2014 Jan;16(1):49-55.

27.

ISSN: 2663-9491 e-ISSN: 2789-6897

Peacock IV WF, De Marco T, Fonarow GC, Diercks D, Wynne J,
Apple FS, Wu AH. Cardiac troponin and outcome in acute heart

25. Ibrahim NE, Afilalo M, Chen-Tournoux A, Christenson RH, Gaggin failure. New England Journal of Medicine. 2008 May
HK, Hollander JE, Kastner P, Levy PD, Mang A, Masson S, Nagurney 15;358(20):2117-26.

JT. Diagnostic and prognostic utilities of insulin-like growth factor 28. Meunier-McVey N. 202 1 ESC guidelines for the diagnosis and
binding protein-7 in patients with dyspnea. Heart Failure. 2020 treatment of acute and chronic heart failure. Eur heartJ. 2021
May 1;8(5):415-22. Oct;42(36):3599-726.

26. Schanz M, Shi ], Wasser C, Alscher MD, Kimmel M. Urinary [TIMP- 29. Wettersten N, Horiuchi Y, van Veldhuisen DJ, Mueller C, Filippatos
2]x[IGFBP7] for risk prediction of acute kidney injury in G, Nowak R, Hogan C, Kontos MC, Cannon CM, Miieller GA,
decompensated heart failure. Clinical cardiology. 2017 Birkhahn R. B-type natriuretic peptide trend predicts clinical
Jul;40(7):485-91. significance of worsening renal function in acute heart failure.

European journal of heart failure. 2019 Dec;21(12):1553-60.
The Insight Volume 09 Number 03 July — September 2026

Page 742


https://en.wikipedia.org/wiki/Open_access

