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Abstract 

Background: Neurohormonal activation plays a central 

role in the progression of chronic heart failure (CHF) and in the 

development of cardiorenal syndrome (CRS). However, the role 

of the kallikrein–kinin system in early CRS remains insufficiently 

investigated. 

Objective: To evaluate the association between serum kallikrein 

concentrations and NT-proBNP, cystatin C–derived estimated 

glomerular filtration rate (eGFR), and cardiac remodeling 

parameters in patients with New York Heart Association 

(NYHA) class III CHF and early CRS, and to assess the effect of 

guideline-directed medical therapy. 

Methods: This study included 85 patients with NYHA class III 

CHF (mean age 66.7 ± 1.0 years) and 40 healthy controls. Patients 

were stratified according to left ventricular ejection fraction 

(LVEF ≥40% and <40%). Serum kallikrein, NT-proBNP, 

aldosterone, and cystatin C concentrations were measured, and 

eGFR was calculated using the CKD-EPI cystatin C equation. 

Correlations were evaluated, and biomarker dynamics were 
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reassessed after six months of four-component guideline-directed 

medical therapy. 

Results: Patients with LVEF <40% had significantly lower 

kallikrein concentrations (448.6 ± 9.6 vs. 581.0 ± 10.7 ng/mL; P 

< 0.001), higher NT-proBNP concentrations (1123.3 ± 77.7 vs. 

547.8 ± 46.5 pg/mL; P < 0.001), and lower eGFR (47.3 ± 0.8 vs. 

56.2 ± 1.1 mL/min/1.73 m²; P < 0.001) than patients with LVEF 

≥40%. Kallikrein correlated positively with eGFR (r = 0.55; P < 

0.001) and inversely with NT-proBNP (r = −0.51; P < 0.001). 

After six months of therapy, kallikrein concentrations increased 

significantly and cardiac and renal parameters improved, with a 

more pronounced effect in patients receiving eplerenone. 

Conclusion: Serum kallikrein is associated with both cardiac and 

renal function in early cardiorenal syndrome and may serve as a 

candidate biomarker of neurohormonal adaptation and 

therapeutic response in patients with chronic heart failure. 

Keywords: chronic heart failure; cardiorenal syndrome; 

kallikrein; NT-probnp; cystatin C; estimated glomerular filtration 

rate; cardiac remodeling; mineralocorticoid receptor antagonists 

Introduction 

Background 

Chronic heart failure (CHF) is one of the most common 

and progressive cardiovascular disorders and is associated with 

poor clinical outcomes, impaired quality of life, and high 

mortality. It is regarded as the final stage of the cardiovascular 

continuum and carries a markedly increased risk of death [1]. 

Reported prevalence estimates range from 1–2.6% in 

European countries to approximately 2.2% in the United States 

and 7–10% in the Russian Federation, and CHF accounts for up 

to 5% of all hospital admissions in Europe [1]. Comorbidities are 

common, occurring in 60–70% of patients with CHF and 

exceeding 90% in some series, and more than half of patients 

exhibit renal dysfunction [2–4]. 

The frequent coexistence of heart failure and kidney 

disease has been described as two parallel epidemics and has led 

to the concept of cardiorenal syndrome (CRS), characterized by 

simultaneous dysfunction of the heart and kidneys [5]. The 

mechanisms underlying CRS extend beyond reduced renal 

perfusion and venous congestion and include neurohormonal 

activation—particularly of the renin–angiotensin–aldosterone 

system (RAAS), the kallikrein–kinin system (KKS), and the 

sympathetic nervous system—together with endothelial 

dysfunction, inflammation, oxidative stress, and altered 

natriuretic peptide activity [6–9]. 

Among these mechanisms, the contribution of the 

kallikrein–kinin system to CRS associated with CHF remains 

insufficiently characterized [10]. Several studies suggest that the 

KKS counterbalances RAAS activation and may contribute to 

disease stabilization through vasodilatory, natriuretic, and 

antifibrotic effects [11]. Despite growing interest in the protective 

role of kallikrein in cardiac and renal dysfunction, important 

questions remain unresolved [12]. In particular, limited data are 

available regarding the interaction of kallikrein with natriuretic 

peptides and its behaviour in patients receiving mineralocorticoid 

receptor antagonists such as spironolactone or eplerenone as part 

of contemporary CHF therapy [13–16]. 

Mineralocorticoid receptor antagonists exert well-

established cardiovascular and renal effects, and examining their 

influence in parallel with KKS activity may provide additional 

insight into the complex pathophysiology of CRS [17,18]. 

Similarly, sacubitril/valsartan and sodium–glucose cotransporter-

2 (SGLT2) inhibitors modulate neurohormonal and renal 

pathways relevant to the cardiorenal continuum [19–23]. 

However, the associations of kallikrein with cystatin C–based 

eGFR, NT-proBNP, aldosterone, and echocardiographic indices 

of cardiac remodeling have not been comprehensively evaluated 

within a single clinical study [24,25]. 

Therefore, this study aimed to evaluate serum kallikrein 

concentrations in patients with NYHA class III CHF and early 

cardiorenal syndrome, stratified according to left ventricular 

ejection fraction, and to determine their associations with renal 

function, NT-proBNP, aldosterone, and cardiac remodeling 

parameters, as well as their dynamics after six months of 

guideline-directed medical therapy including either 

spironolactone or eplerenone. 

Materials and Methods 

Study Design and Participants 

This study enrolled 85 patients with chronic heart failure 

(CHF) of New York Heart Association (NYHA) functional class 

III, developed on the background of ischemic heart disease and 

arterial hypertension. The mean age was 66.7 ± 1.1 years; 31 

patients (36.4%) were men and 54 (63.6%) were women. All 

patients had confirmed cardiorenal syndrome with chronic kidney 

disease (CKD) stage I–II, and the estimated glomerular filtration 

rate (eGFR) calculated from serum creatinine averaged 79.3 ± 

1.67 mL/min/1.73 m². The control group comprised 40 

apparently healthy individuals (mean age 65.2 ± 5.4 years; 16 

men [40%] and 24 women [60%]) who provided informed 

consent and showed no statistically significant demographic 

differences from the main group. 
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Patients were subsequently stratified into two subgroups 

according to left ventricular ejection fraction (LVEF): LVEF 

≥40% (n = 56) and LVEF <40% (n = 29). Mean LVEF values 

were 52.7 ± 0.7% and 36.2 ± 0.3%, respectively (P < 0.001). Each 

subgroup was then divided into two equal treatment arms (Ia and 

Ib; IIa and IIb) according to the mineralocorticoid receptor 

antagonist prescribed. 

Eligibility Criteria 

Eligible participants were adults with clinically stable 

NYHA functional class III CHF secondary to ischemic heart 

disease and arterial hypertension, with cardiorenal syndrome and 

CKD stage I–II. Patients with acute coronary syndrome, acute 

decompensated heart failure, acute kidney injury, active infection 

or inflammation, or other severe intercurrent illness were not 

included. 

Treatment Protocol and Follow-up 

All patients received four-component guideline-directed 

medical therapy comprising a β-blocker (bisoprolol), 

sacubitril/valsartan, a mineralocorticoid receptor antagonist, and 

a sodium–glucose cotransporter-2 (SGLT2) inhibitor 

(empagliflozin). Patients in subgroups Ia and IIa received 

spironolactone, whereas patients in subgroups Ib and IIb received 

eplerenone in place of spironolactone. All participants underwent 

comprehensive clinical, laboratory, and instrumental evaluation 

at baseline and after six months of therapy. 

Clinical and Instrumental Assessment 

Demographic and clinical characteristics, 

anthropometric measurements, body mass index, cardiovascular 

risk factors, blood pressure, and heart rate were recorded for all 

participants. Evaluation at baseline and follow-up included 

general clinical tests (complete blood count, urinalysis, and blood 

glucose), electrocardiography, and transthoracic 

echocardiography. 

Echocardiographic Assessment 

Transthoracic echocardiography was performed using 

standard M-mode, two-dimensional, and Doppler techniques. 

The evaluated parameters included left ventricular end-diastolic 

and end-systolic diameters (LVEDD, LVESD), left ventricular 

end-diastolic and end-systolic volumes (EDV, ESV), left 

ventricular ejection fraction (LVEF), interventricular septal 

thickness (IVST), left ventricular posterior wall thickness 

(LVPWT), early (E) and late (A) transmitral diastolic flow 

velocities, and the E/A ratio. 

Blood Sampling and Biochemical Measurements 

Venous blood samples were obtained after an overnight 

fast. Routine biochemical parameters, including liver 

transaminases, bilirubin, urea, and creatinine, were measured 

using standard laboratory methods. Serum cystatin C was 

measured by immunoassay, and kallikrein, N-terminal pro-B-

type natriuretic peptide (NT-proBNP), and aldosterone 

concentrations were determined using commercially available 

immunoassay kits according to the manufacturers’ instructions. 

Estimation of Glomerular Filtration Rate 

Cystatin C–based eGFR was calculated using the 2012 

Chronic Kidney Disease Epidemiology Collaboration (CKD-

EPI) cystatin C equation, with eGFR expressed in mL/min/1.73 

m² and serum cystatin C in mg/L. Renal filtration status derived 

from cystatin C was used for the comparative and correlation 

analyses. 

Statistical Analysis 

Continuous variables are presented as mean ± standard 

error of the mean, and categorical variables as frequencies and 

percentages. Between-group comparisons of continuous 

variables were performed using the Student t-test or analysis of 

variance, as appropriate, and categorical variables were compared 

using the χ² test. Associations between serum kallikrein 

concentrations and biochemical and echocardiographic 

parameters were evaluated using correlation analysis, with 

correlation coefficients reported as r. Pre- and post-treatment 

comparisons were performed within each subgroup. A two-sided 

P value < 0.05 was considered statistically significant. 

Ethics Approval and Informed Consent 

The study was conducted in accordance with the ethical 

principles of the Declaration of Helsinki. All participants were 

informed about the objectives, procedures, and intended scientific 

use of the collected data, and written informed consent was 

obtained before enrollment. Participant confidentiality was 

maintained throughout the study. 

Results 

Baseline clinical and demographic characteristics 

A total of 85 patients with NYHA functional class III 

CHF and 40 control participants were included. The baseline 

clinical and demographic characteristics of the study groups are 

presented in Table 1. 
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Table 1. Baseline characteristics of the study population 

No Parameter 

CHF, NYHA class III 

(n = 85) 

Control group 

(n = 40) 

P / χ2 

1 Age, years 66.74 ± 1.05 65.2 ± 5.4 > 0.05 

2 Male, n (%) 31 (36.4) 16 (40.0) 
χ2 = 0.144; P > 

0.05 

3 Female, n (%) 54 (63.6) 24 (60.0)  

4 Body mass index, kg/m² 28.76 ± 0.60 22.32 ± 1.90 < 0.01 

5 Systolic blood pressure, mmHg 135.9 ± 2.14 128.3 ± 3.67 > 0.05 

6 Diastolic blood pressure, mmHg 83.1 ± 0.97 80.3 ± 3.48 > 0.05 

7 Family history, n (%) 40 (47.0) 5 (12.5) χ2 = 14.1; P < 0.01 

8 Smoking, n (%) 31 (36.5) 6 (15.0) 
χ2 = 6.017; P < 

0.05 

9 eGFR (creatinine), mL/min/1.73 m² 79.3 ± 1.67 91.5 ± 1.34 < 0.001 

Data are presented as mean ± standard error of the mean or number (percentage). CHF, chronic heart failure; NYHA, New York Heart 

Association; eGFR, estimated glomerular filtration rate. 

No statistically significant differences were observed 

between the CHF and control groups in age, sex distribution, or 

blood pressure. Patients with CHF had a higher body mass index, 

a more frequent family history of cardiovascular disease, a higher 

prevalence of smoking, and a lower creatinine-based eGFR than 

controls. 

Biochemical and renal parameters 

Selected biochemical parameters according to left 

ventricular ejection fraction (LVEF) are presented in Table 2. 

Table 2. Biochemical parameters in patients with chronic heart failure stratified by left ventricular ejection fraction 

No Parameter 

LVEF ≥40% 

(n = 56) 

LVEF <40% 

(n = 29) 

P 

1 Cystatin C, mg/L 1.89 ± 0.04 1.97 ± 0.03 > 0.05 

2 
eGFR (CKD-EPI cystatin C), mL/min/1.73 

m² 
56.2 ± 1.1 47.3 ± 0.8 

< 

0.001 
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No Parameter 

LVEF ≥40% 

(n = 56) 

LVEF <40% 

(n = 29) 

P 

3 Kallikrein, ng/mL 581.04 ± 10.74 448.62 ± 9.58 
< 

0.001 

4 NT-proBNP, pg/mL 547.8 ± 46.5 1123.3 ± 77.7 
< 

0.001 

5 Aldosterone, pg/mL 248.3 ± 16.6 368.3 ± 18.2 
< 

0.001 

Data are presented as mean ± standard error of the mean. eGFR, estimated glomerular filtration rate; NT-proBNP, N-terminal pro-B-

type natriuretic peptide.

Cystatin C–based eGFR was significantly lower in 

patients with LVEF <40% than in those with LVEF ≥40% (47.3 

± 0.8 vs. 56.2 ± 1.1 mL/min/1.73 m²; P < 0.001). Serum kallikrein 

was markedly lower in the LVEF <40% group (448.62 ± 9.58 vs. 

581.04 ± 10.74 ng/mL; P < 0.001), whereas NT-proBNP and 

aldosterone were significantly higher (1123.3 ± 77.7 vs. 547.8 ± 

46.5 pg/mL and 368.3 ± 18.2 vs. 248.3 ± 16.6 pg/mL, 

respectively; both P < 0.001). 

Correlations of kallikrein with renal filtration and 

neurohormonal activation 

The relationship between serum kallikrein and cystatin 

C–based eGFR is shown in Figure 1. In patients with LVEF 

≥40%, a moderate positive correlation was observed between 

kallikrein and eGFR (r = 0.55; P < 0.001), whereas the correlation 

was weaker in patients with LVEF <40% (r = 0.38; P < 0.05), 

suggesting a gradual attenuation of kallikrein–kinin system 

activity as renal function declines. 

 

Figure 1. Correlation between serum kallikrein concentrations and cystatin C–based glomerular filtration rate in patients with 

NYHA class III CHF and left ventricular ejection fraction ≥40% (A) and <40% (B). 

The relationship between kallikrein and NT-proBNP is 

shown in Figure 2. A moderate inverse correlation was observed 

in patients with LVEF ≥40% (r = −0.51; P < 0.001) and a similar 

inverse correlation in patients with LVEF <40% (r = −0.45; P < 

0.01), indicating a close link between reduced kallikrein 

concentrations and increased neurohormonal activation. 
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Figure 2. Correlation between serum kallikrein and NT-proBNP concentrations in patients with NYHA class III CHF and left 

ventricular ejection fraction ≥40% (A) and <40% (B). 

Echocardiographic and hemodynamic parameters 

A comparative analysis of echocardiographic and hemodynamic parameters is presented in Table 3. 

Table 3. Echocardiographic and hemodynamic parameters in patients with chronic heart failure stratified by left ventricular 

ejection fraction 

No Parameter 

LVEF ≥40% 

(n = 56) 

LVEF <40% 

(n = 29) 

P 

1 LV end-diastolic diameter (LVEDD), cm 4.99 ± 0.06 5.42 ± 0.08 < 0.001 

2 LV end-systolic diameter (LVESD), cm 3.64 ± 0.05 4.47 ± 0.10 < 0.001 

3 LV end-diastolic volume (EDV), mL 120.1 ± 3.15 149.5 ± 6.93 < 0.001 

4 LV end-systolic volume (ESV), mL 57.18 ± 2.06 88.6 ± 6.2 < 0.001 

5 Ejection fraction (EF), % 52.7 ± 0.74 36.2 ± 0.30 < 0.001 

6 LV posterior wall thickness (LVPWT), mm 11.7 ± 0.19 11.5 ± 0.20 > 0.05 

7 Interventricular septal thickness (IVST), mm 11.8 ± 0.18 11.7 ± 0.20 > 0.05 

8 Early diastolic velocity (E wave), m/s 0.72 ± 0.01 0.68 ± 0.03 > 0.05 

9 Late diastolic velocity (A wave), m/s 0.81 ± 0.01 0.81 ± 0.01 > 0.05 

10 E/A ratio 0.92 ± 0.02 0.66 ± 0.02 < 0.001 

Data are presented as mean ± standard error of the mean. LV, left ventricular.

Compared with patients with LVEF ≥40%, those with 

LVEF <40% demonstrated significantly larger LVEDD, LVESD, 

EDV, and ESV and lower LVEF (all P < 0.001), consistent with 

dilatational left ventricular remodeling. Wall thickness (LVPWT 

and IVST) did not differ significantly between groups, suggesting 

a predominance of eccentric remodeling. The E/A ratio was 

significantly lower in the LVEF <40% group (0.66 ± 0.02 vs. 0.92 
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± 0.02; P < 0.001), indicating more pronounced diastolic 

dysfunction and elevated left ventricular filling pressures. 

Correlations of kallikrein with cardiac parameters 

The correlation between kallikrein and LVEF is shown 

in Figure 3. A statistically significant but moderate positive 

correlation was observed in patients with LVEF ≥40% (r = 0.40; 

P < 0.01) and in patients with LVEF <40% (r = 0.29; P < 0.05), 

indicating that factors in addition to kallikrein contribute to 

systolic function in this population. 

 

Figure 3. Correlation between serum kallikrein concentrations and left ventricular ejection fraction in patients with NYHA 

class III CHF and left ventricular ejection fraction ≥40% (A) and <40% (B). 

The correlation between kallikrein and the E/A ratio is shown in Figure 4. A moderate positive correlation was observed in 

patients with LVEF ≥40% (r = 0.62; P < 0.001) and a somewhat weaker correlation in patients with LVEF <40% (r = 0.50; P < 0.001). 

These findings indicate that kallikrein concentrations more closely reflect the degree of diastolic dysfunction in patients with moderately 

impaired myocardial function. 

 

Figure 4. Correlation between serum kallikrein concentrations and the E/A ratio in patients with NYHA class III CHF and left 

ventricular ejection fraction ≥40% (A) and <40% (B). 

Effects of six-month guideline-directed medical therapy 

Biochemical parameters before and after six months of therapy in the LVEF ≥40% subgroups (Ia and Ib) are presented in Table 

4. 
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Table 4. Biochemical parameters before and after treatment in patients with LVEF ≥40% (subgroups Ia and Ib) 

No Parameter 

Ia (n = 28) 

Before 

Ia (n = 28) 

After 

P1 

Ib (n = 28) 

Before 

Ib (n = 28) 

After 

P2 

1 Cystatin C, mg/L 1.88 ± 0.04 1.65 ± 0.03 
< 

0.001 
1.91 ± 0.03 1.52 ± 0.02 

< 

0.001 

2 
eGFR (CKD-EPI cys), 

mL/min/1.73 m² 
55.9 ± 0.9 59.1 ± 1.2 < 0.05 56.2 ± 1.1 63.4 ± 1.4 

< 

0.001 

3 Kallikrein, ng/mL 578.2 ± 11.4 789.5 ± 20.4 
< 

0.001 
582.5 ± 9.2 810.7 ± 24.8 

< 

0.001 

4 NT-proBNP, pg/mL 548.3 ± 42.2 412.6 ± 21.3 < 0.01 547.1 ± 43.8 365.4 ± 19.5 
< 

0.001 

5 Aldosterone, pg/mL 250.4 ± 17.4 241.7 ± 13.8 > 0.05 247.3 ± 15.9 218.5 ± 10.6 > 0.05 

Ia, spironolactone-based therapy; Ib, eplerenone-based therapy. P1 and P2 denote before- vs. after-treatment comparisons within 

subgroups Ia and Ib, respectively. 

Biochemical parameters before and after treatment in the LVEF <40% subgroups (IIa and IIb) are presented in Table 5. 

Table 5. Biochemical parameters before and after treatment in patients with LVEF <40% (subgroups IIa and IIb) 

No Parameter 

IIa (n = 14) 

Before 

IIa (n = 14) 

After 

P1 

IIb (n = 14) 

Before 

IIb (n = 14) 

After 

P2 

1 Cystatin C, mg/L 1.98 ± 0.06 1.72 ± 0.03 
< 

0.001 
1.94 ± 0.07 1.58 ± 0.02 

< 

0.001 

2 
eGFR (CKD-EPI cys), 

mL/min/1.73 m² 
47.2 ± 0.8 54.7 ± 1.1 

< 

0.001 
47.6 ± 0.9 57.2 ± 1.3 

< 

0.001 

3 Kallikrein, ng/mL 449.4 ± 4.7 694.6 ± 12.3 
< 

0.001 
443.0 ± 7.4 781.2 ± 18.1 

< 

0.001 

4 NT-proBNP, pg/mL 1117.3 ± 69.5 636.5 ± 55.3 
< 

0.001 
1138.5 ± 30.8 512.7 ± 49.6 

< 

0.001 

5 Aldosterone, pg/mL 372.6 ± 16.2 308.4 ± 15.1 < 0.01 363.6 ± 15.4 283.7 ± 14.3 
< 

0.001 

IIa, spironolactone-based therapy; IIb, eplerenone-based therapy. P1 and P2 denote before- vs. after-treatment comparisons within 

subgroups IIa and IIb, respectively. 

After six months of four-component therapy, all subgroups showed significant improvements in renal and neurohormonal 

parameters, with more pronounced changes in patients receiving eplerenone. Cystatin C–based eGFR increased and cystatin C, NT-

proBNP, and aldosterone concentrations decreased, while serum kallikrein rose substantially, indicating reactivation of the kallikrein–

kinin system. The dynamics of eGFR, kallikrein, NT-proBNP, and aldosterone across the four subgroups are shown in Figures 5–8. 
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Figure 5. Cystatin C–based eGFR before and after six months of therapy in subgroups Ia, Ib, IIa, and IIb. 

 

Figure 6. Serum kallikrein concentrations before and after six months of therapy in subgroups Ia, Ib, IIa, and IIb. 
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Figure 7. Serum NT-proBNP concentrations before and after six months of therapy in subgroups Ia, Ib, IIa, and IIb. 

 

Figure 8. Serum aldosterone concentrations before and after six months of therapy in subgroups Ia, Ib, IIa, and IIb. 

Discussion 

The present study demonstrated that serum kallikrein 

concentrations were closely associated with both cardiac and 

renal function in patients with NYHA class III CHF and early 

cardiorenal syndrome. Kallikrein was markedly lower in patients 

with reduced left ventricular ejection fraction (LVEF <40%) than 

in those with LVEF ≥40% and was accompanied by lower 

cystatin C–based eGFR and higher NT-proBNP and aldosterone 

concentrations. These findings support the concept that activation 

of the kallikrein–kinin system represents a compensatory, 

protective response that becomes attenuated as cardiac and renal 

dysfunction progress. 

In recent years, cystatin C has been increasingly used for 

the early detection of glomerular filtration changes because, 

unlike creatinine, its concentration is less influenced by muscle 

mass, sex, age, and diet [24–28]. In the present cohort, cystatin 

C–based eGFR was significantly lower in patients with LVEF 

<40%, and the positive correlation between kallikrein and eGFR 

(r = 0.55 in patients with LVEF ≥40%) suggests that declining 

renal filtration is accompanied by reduced kallikrein–kinin 

system activity. This interpretation is consistent with previous 

reports describing a protective role of the kallikrein–kinin system 

in cardiac and renal dysfunction [29,30]. 
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The inverse correlation between kallikrein and NT-

proBNP observed in both LVEF strata indicates a close 

relationship between the kallikrein–kinin system and 

neurohormonal activation. As natriuretic peptide concentrations 

rise with worsening heart failure, kallikrein concentrations 

decline, which may reflect a shift in the balance between the 

counter-regulatory kallikrein–kinin system and the renin–

angiotensin–aldosterone and natriuretic peptide systems [9,12]. 

Echocardiographic analysis revealed pronounced 

dilatational and eccentric left ventricular remodeling in patients 

with LVEF <40%, with significant increases in cavity dimensions 

and volumes and a lower E/A ratio indicating diastolic 

dysfunction and elevated filling pressures [31,32]. Kallikrein 

correlated positively with LVEF and, more strongly, with the E/A 

ratio, suggesting that kallikrein concentrations more closely 

reflect diastolic burden in patients with moderately impaired 

systolic function [33]. 

After six months of four-component guideline-directed 

medical therapy—comprising a β-blocker, sacubitril/valsartan, 

an SGLT2 inhibitor, and a mineralocorticoid receptor 

antagonist—renal and neurohormonal parameters improved in all 

subgroups. The reduction in cystatin C and the corresponding 

increase in eGFR are consistent with the nephroprotective effects 

reported for SGLT2 inhibitors and mineralocorticoid receptor 

antagonists [34], while the decline in NT-proBNP mirrors the 

reduction in neurohormonal activation and filling pressures 

reported with sacubitril/valsartan [35]. 

The marked post-treatment increase in serum kallikrein, 

particularly in patients receiving eplerenone, indicates 

reactivation of the kallikrein–kinin system, which contributes to 

vasodilation, natriuresis, and antifibrotic signalling. This may 

result from suppression of the renin–angiotensin–aldosterone 

system through mineralocorticoid and angiotensin II type 1 

receptor blockade, enhanced natriuresis and vasodilation 

mediated by empagliflozin, and increased bradykinin availability 

related to neprilysin inhibition. The more pronounced elevation 

of kallikrein with eplerenone suggests less inhibition of kinin 

synthesis compared with spironolactone and may confer 

additional endothelial-protective effects, in line with the 

favourable cardiorenal outcomes reported for eplerenone [36,37]. 

Taken together, these findings indicate that the 

kallikrein–kinin system, and kallikrein in particular, plays an 

active role in the pathophysiology of cardiorenal syndrome and 

may serve as an indicator of neurohormonal adaptation and 

treatment response. 

Clinical implications and study limitations 

The integrated assessment of serum kallikrein in relation 

to renal filtration, neurohormonal activation, and cardiac 

remodeling represents a distinctive aspect of this study. The 

associations of kallikrein with cystatin C–based eGFR, NT-

proBNP, and the E/A ratio, together with its dynamic response to 

therapy, suggest potential value as an integrative research 

biomarker reflecting interconnected renal, neurohormonal, and 

cardiac alterations in early cardiorenal syndrome, and as a marker 

for comparing the effects of spironolactone and eplerenone. 

Several limitations should be acknowledged. First, the 

observational design precludes conclusions regarding causality or 

the temporal sequence of neurohormonal, cardiac, and renal 

changes. Second, the relatively small sample size and single-

center recruitment may limit generalizability. Third, kallikrein 

was evaluated as a circulating marker and was not compared with 

established cardiorenal biomarkers using multivariable models. 

Fourth, the treatment comparison was not randomized, and the 

potential influence of comorbidities and concomitant therapy was 

not formally adjusted. Larger prospective, multicenter studies 

incorporating multivariable analysis and independent validation 

are required to confirm these findings and to determine whether 

kallikrein provides clinically meaningful information beyond 

conventional cardiorenal biomarkers. 

Conclusions 

In patients with NYHA class III chronic heart failure and 

early cardiorenal syndrome, serum kallikrein concentrations were 

closely associated with both cardiac and renal function. Lower 

kallikrein concentrations accompanied reduced left ventricular 

ejection fraction, lower cystatin C–based eGFR, and higher NT-

proBNP and aldosterone concentrations, whereas six months of 

four-component guideline-directed medical therapy—

particularly with eplerenone—was associated with reactivation of 

the kallikrein–kinin system and improvement in renal, 

neurohormonal, and cardiac parameters. These findings suggest 

that kallikrein may represent a candidate integrative biomarker of 

neurohormonal adaptation and therapeutic response within the 

cardiorenal continuum. Larger prospective multicenter studies 

with multivariable analysis and external validation are needed 

before its diagnostic or prognostic value can be established in 

clinical practice. 
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