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1.INTRODUCTION 

Heart failure and chronic kidney disease are two highly prevalent pathological conditions, 

with a significant impact on public health at the global, European, and national levels. Their 

coexistence indicates a complex pathophysiological interaction that worsens patient 

prognosis, requiring a multidisciplinary and personalized clinical approach. In recent years, 

the importance of identifying and utilizing biomarkers in the diagnosis and prognosis of 

these diseases has increased considerably; however, their integration into clinical practice 

remains a challenge.  

Heart Failure, recognized as one of the leading causes of global mortality, evolves within the 

context of shared pathophysiological mechanisms with chronic kidney disease, such as 

endothelial dysfunction, activation of neurohormonal systems, and inflammation. The 

kidney's role in electrolyte homeostasis, blood pressure regulation, and renal blood flow 

supports the close connection between these organs. Thus, renal dysfunction not only 

worsens HF but may also have a causal role in its progression, being associated with a 

diminished treatment response and an increased risk of mortality. 

In the context of these interdependencies, cardiac biomarkers such as NT-proBNP and 

troponins are essential for prognostic assessment; however, their interpretation is 

complicated by the influence of renal impairment on the clearance and secretion of these 

peptides. Recent studies suggest that measuring these biomarkers, combined with clinical 

parameters and the assessment of renal dysfunction severity, can play an important role in 

risk stratification for patients with these conditions. Nonetheless, uncertainties remain 

regarding threshold values for different degrees of renal impairment and their impact on 

long-term prognosis. 

This thesis was motivated by the frequent difficulties encountered in clinical practice when 

evaluating patients with heart failure (HF) and concomitant chronic kidney disease (CKD). 

Often, these patients present atypical symptoms, laboratory test results are difficult to 

interpret, and the prognosis is uncertain. Establishing a positive diagnosis, accurately 

assessing risk, and tailoring treatment are challenging aspects due to the complex 

interactions between the two conditions and the limitations of available evaluation methods. 

This thesis aims to contribute to existing knowledge by assessing the prognostic impact of 

hs-TnT and NT-proBNP in a specific cohort of patients with HF, seeking to determine the 

practical value of combining these biomarkers in mortality prediction. The study will 
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highlight differences in predictive performance based on the severity of renal dysfunction 

(evaluated through eGFR) and will establish specific threshold values for various degrees of 

renal impairment. Furthermore, the analysis will adopt an innovative approach by separately 

analyzing patients from distinct eGFR groups, thereby identifying different independent 

parameters for those with more progressed renal dysfunction. Through this approach, the 

thesis aims to provide a more nuanced understanding of the role of biomarkers in risk 

stratification and management of patients with HF and CKD, with the goal of improving 

long-term clinical outcomes. 

Within the retrospective study, the focus is on highlighting differences in predictive 

performance according to the severity of renal dysfunction, evaluated through eGFR, and 

establishing relevant threshold values for different levels of renal impairment. 

This research aligns with both international and national efforts to improve prognosis in heart 

failure, contributing to a deeper understanding of the role of biomarkers in the context of 

cardiorenal pathology. Through an interdisciplinary approach, combining cardiology, 

nephrology, and molecular biology, it opens new perspectives for personalized evaluation 

and treatment strategies aimed at reducing mortality and complications. 

The obtained results will provide clinical support for adjusting diagnostic and prognostic 

thresholds and for developing integrated risk models that can be implemented in current 

practice, facilitating more precise management of patients with heart failure and renal 

dysfunction. At the same time, the importance of future research to validate and extend these 

findings in larger populations and prospective studies is acknowledged. 
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2. Current State of Knowledge 

2.1 The Pathophysiological Interaction between Heart Failure and Chronic Kidney 

Disease 

Heart failure and chronic kidney disease are two highly prevalent pathological conditions 

with a significant impact on public health. Their coexistence indicates a complex 

pathophysiological interdependence that worsens patient prognosis and requires a 

multidisciplinary and personalized approach to therapeutic management[2]. 

Heart failure, according to the European Guidelines of 2021, is a clinical syndrome 

characterized by symptoms such as dyspnea, peripheral edema, and fatigue during exertion, 

caused by a structural or functional abnormality of the heart that leads to increased 

intracardiac pressures and/or inadequate cardiac output. It can be of an acute or chronic 

nature and is classified based on the left ventricular ejection fraction: reduced (≤40%), 

moderately reduced (41-49%), or preserved (≥50%). The etiology is diverse, including 

myocardial dysfunction, valvular diseases, arrhythmias, or other anomalies. 

Epidemiologically, heart failure is a major cause of hospitalizations and mortality, with 

recent trends showing an increase in cases among younger individuals, a reduction in 

mortality, but also an increase in hospitalizations[3],[5]. Heart failure is classified into 

chronic heart failure and acute heart failure. [4]  

Chronic Kidney Disease is defined, according to the KDIGO 2024 Clinical Practice 

Guidelines for the Evaluation and Management of Chronic Kidney Disease, as a progressive 

deterioration of kidney function over a period of three months or longer, characterized by 

abnormalities in the structure or function of the kidneys, with implications for health[9].  

The classification into five stages, based on eGFR, allows for the assessment of severity; 

from normal stage (eGFR ≥90 ml/min/1.73 m²) to end-stage renal failure (eGFR <15 

ml/min/1.73 m²). CKD, especially in advanced stages, emphasizes cardiovascular risk, 

contributing significantly to the overall number of deaths and increasingly ranking high in 

global mortality statistics. Kidney lesions are caused by factors such as hypertension, 

hyperfiltration, and glomerular damage, impacting both cardiovascular diseases and overall 

mortality. 

The cardiorenal interdependence is also reflected in the high cardiovascular (CV) mortality 

among patients with end-stage renal disease (ESRD), which reaches up to 50% of cases, a 

markedly higher incidence compared to the general population.[13]. In patients aged 25 to 
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34 years, cardiovascular fatality rates are 500 times higher than in individuals of the same 

age with normal kidney function [13]. Additionally, most patients with CKD stages 3 to 4 

(GFR <60 mL/min/1.73 m²) die from cardiovascular causes rather than progressing to end 

stage renal disease[13]. 

2.2.Pathophysiological Mechanisms and Biomarker Involvement 

Heart failure and chronic kidney disease share similar pathophysiological mechanisms, such 

as endothelial dysfunction, activation of the sympathetic neurohormonal system, 

inflammation, and oxidative stress. The vital role of the kidneys in electrolyte and protein 

homeostasis, as well as in blood pressure regulation, requires a high perfusion rate (20–25% 

of cardiac output), which is proportionally higher than that of other organs. This substantial 

blood flow supports the function of approximately one million nephrons[14]. 

The heart and kidneys communicate through multiple regulatory pathways, including the 

renin-angiotensin-aldosterone system, the sympathetic nervous system, antidiuretic 

hormone, endothelin, and natriuretic peptides. In heart failure, renal hypoperfusion activates 

renin-angiotensin-aldosterone system and the sympathetic nervous system, leading to 

vasoconstriction, sodium and fluid retention, and contributing to volume overload, renal 

interstitial hypertension, and worsening of cardiac and renal dysfunction, creating a vicious 

cycle that deteriorates the patient's condition[4]. Although sodium retention in heart failure 

is not primarily caused by the kidneys, it results from impaired renal function, activation of 

the renin-angiotensin-aldosterone system and sympathetic nervous system, as well as 

diminished response of natriuretic peptides. Additionally, chronic kidney disease accelerates 

the processes of atherosclerosis, myocardial disease, valvulopathies, and increases the 

incidence of cardiac arrhythmias. Anemia is commonly observed in both heart failure and 

chronic kidney disease, caused by reduced erythropoietin production, which is insufficiently 

activated by inflammation, and by increased cytokines that stimulate hepatic hepcidin and 

reduce iron absorption and mobilization, thus worsening anemia and potential 

cardiovascular complications[15], [16], [17],[18].  

 2.3. The prognostic significance of NT-proBNP and troponin 

European (ESC) and American (AHA) guidelines recommend measuring natriuretic 

peptides for the exclusion and diagnosis of heart failure; however, the interpretation of 

results must be adjusted according to conditions such as atrial fibrillation, obesity, age, and 

chronic kidney disease, as these influence plasma NT-proBNP levels. As renal function 
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declines, NT-proBNP levels increase exponentially, affected by both decreased renal 

clearance and additional secretion caused by preload and afterload[25] [26],[27], [28], [29]. 

Recent evidence shows that elevated levels of N-terminal pro-brain natriuretic peptide are 

associated with the progression of heart failure, cardiovascular mortality, and overall adverse 

outcomes, regardless of the stage of renal impairment, although the thresholds for validity 

require adjustment to reflect the severity of renal dysfunction. In patients with an estimated 

glomerular filtration rate less than fifteen milliliters per minute per one point seventy-three 

square meters, levels can reach extremely high values (up to11.215 pg/ml), which can 

complicate clinical interpretations [34],[35]. 

High-sensitivity troponin T (hs-TnT) is a valuable biomarker for the prognosis of patients 

with heart failure, especially in the context of renal impairment, as elevated levels can 

indicate subclinical myocardial injury or inflammatory activation, even without obvious 

myocardial damage. Elevated troponin levels are associated with the severity of ventricular 

dysfunction, reduced survival, and an increased risk of death or re-hospitalization. Dynamic 

monitoring and adjustment of thresholds to account for the relative impact of renal function 

are essential for accurate interpretation. 

2.4. The role of renal dysfunction in modifying biomarker values 

Recent studies highlight that increased levels of troponin T and troponin I correlate with the 

severity and risk of progression in heart failure, including in patients with chronic kidney 

disease. In patients on dialysis, elevated troponin T has significant prognostic value, being 

associated with the risk of congestion and mortality, but the exact relationship with renal 

function and myocardial injury remains controversial and requires further investigation. 

Additionally, these biomarkers can independently predict progression to advanced stages of 

chronic kidney disease, indicating a connection between cardiac impairment and renal 

deterioration.  

Although concentrations of brain natriuretic peptide and N-terminal pro-brain natriuretic 

peptide increase as the severity of renal dysfunction advances, biological variability and non-

cardiac influences complicate their interpretation, especially in advanced stages. The authors 

recommend serial monitoring of these biomarkers for more accurate evaluation, adjusted 

according to renal function, to avoid overdiagnosis and improve the management of these 

patients[98],[99],[100],[53]. 
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3. The hypothesis and objectives of the research 

3.1 The hypothesis and objectives of the research 

The aim of this work is to evaluate the prognostic impact of troponin and NT-proBNP levels 

in patients with heart failure and associated renal dysfunction. 

3.2 Research objectives 

To assess the prognostic value of high-sensitivity cardiac troponin (hs-TnT) and NT-

proBNP measured upon admission for predicting all-cause mortality in patients with 

heart failure and renal dysfunction. 

To compare the predictive value of the combination of hs-TnT and NT-proBNP with 

that of individual biomarkers and traditional clinical variables (e.g., NYHA class, 

ejection fraction, risk scores) in predicting mortality from any cause. 

To analyze the impact of the severity of renal dysfunction (assessed by estimated 

glomerular filtration rate) on the association between biomarker levels (hs-Troponin 

and NT-proBNP) measured at admission and the prognosis of patients with heart 

failure. 

To determine cutoff values for various stages of renal impairment. 
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4. Materials and Methods 

      4.1. Study design 

Our study is an observational, retrospective cohort study. The study protocol complies with 

the ethical principles of the Declaration of Helsinki and was approved by the Ethics 

Committee of the Colentina Clinical Hospital. 

      4.2. Study population and Inclusion/ Exclusion criteria 

Adult patients aged 18 years or older with heart failure, consecutively hospitalized in our 

department between June 2018 and March 2020, were enrolled in the VIVA-HF (surVIVAI 

in Heart Failure) cohort and considered for inclusion. Exclusion criteria included in-hospital 

mortality, re-hospitalization of the same patient, and pregnancy. All patients with measured 

NT-proBNP and creatinine levels within the first 24 hours of admission and who underwent 

an echocardiographic evaluation during the index hospitalization were included.. 

      4.3.  Evaluated Parameters and Analysis Methods 

For each patient, demographic data, comorbidities, clinical findings, laboratory results 

(including NT-proBNP, creatinine, troponin, lipid profile, and other parameters), 

echocardiographic parameters, and medication history were collected. Data documented 

included age, sex, New York Heart Association (NYHA) class, hypertension, coronary artery 

disease, diabetes, obesity, stroke, anemia, lung diseases, liver diseases, thyroid disorders, 

coronary syndromes, and other pathologies. During hospitalization, vital signs and clinical 

signs such as edema, pulmonary rales, and jugular venous distension were measured. 

Laboratory results included, besides NT-proBNP and creatinine, uric acid, urea, liver 

function tests, electrolytes, HbA1c, complete blood count, and thyroid function tests. 

Echocardiographic assessment focused on chamber sizes, ejection fraction, diastolic 

function, valvulopathies, and ventricular wall motion. Additionally, information on 

pharmacological treatment (ACE inhibitors, beta-blockers, diuretics, anticoagulants, etc.) 

was collected, and the estimated glomerular filtration rate was calculated using the CKD-

EPI formula.  

 4.4. Statistical Analysis 

Statistical analyses were performed using Epi Info 7.2.6.0, SPSS30.0.0.0 and 

MedCalc23.2.1software. Descriptive statistics were calculated for the demographic and 

clinical characteristics of the study population. Continuous variables with a Gaussian 



12 
 

distribution were expressed as mean ± standard deviation and evaluated with the appropriate 

test. Variables with a non-Gaussian distribution were presented as median and interquartile 

range and evaluated using the Kruskal-Wallis test. The relationships between categorical 

variables were verified using the Chi-square test, with Yates correction applied when 

necessary. Risk ratios were calculated for groups with at least fifty patients, while odds ratios 

were used for groups with smaller numbers. The predictive performance of prognostic 

indicators was analyzed using receiver operating characteristic curves and cutoff points, 

utilizing the Youden index. Survival analysis was performed using the Kaplan-Meier 

method, and the Cox proportional hazards model was applied to determine the impact of 

significant predictors, selected through a conditional approach. NT-proBNP values were log-

transformed using base 10 for multivariable analysis, included both as continuous variables 

and as dichotomous variables based on previously established cutoff values. A p-value of 

less than 0.05 was considered statistically significant. 
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5. Results 

      5.1. Characteristics of the Studied Population 

The VIVA-HF cohort included 716 patients with heart failure, with an average age of 71±10 

years, of whom 49% were men. The majority had heart failure with preserved ejection 

fraction (58.65%), and 68.1% were classified as NYHA class II. Renal function, assessed 

through creatinine and estimated glomerular filtration rate, indicates a population generally 

with moderate impairment, with an average eGFR of 69.6 mL/min/1.73 m². The prevalence 

of comorbidities was high: hypertension (86.7%), diabetes (34.9%), dyslipidemia (76.8%), 

atrial fibrillation (58.5%), and previous cardiovascular diseases. 

Echocardiographic parameters showed an average ejection fraction of 46.5%, with variations 

depending on the severity of renal dysfunction. 

      5.2. Correlation between Biomarkers and severity of Renal Dysfunction 

NT-proBNP levels increase significantly as renal function declines and are correlated with 

eGFR. High-sensitivity troponin T (hs-TnT) also shows an increasing distribution in 

advanced stages of chronic kidney disease, but with substantial variability between sexes 

and stages, influenced by reduced renal clearance. Elevated levels of both biomarkers 

indicate faster disease progression and are associated with a higher incidence of 

complications and mortality. 

      5.3. Threshold Values for NTproBNP and Troponin in Different Stages of Renal 

Impairement 

Receiver operating characteristic analysis shows that the thresholds for predicting mortality 

risk are: greater than 1837 pg/mL for eGFR above 60 mL/min, greater than 1413 pg/mL for 

eGFR 30-60 mL/min, and greater than 6415 pg/mL for eGFR less than 30 mL/min/1.73 m². 

In groups with severe renal impairment, these thresholds are significantly higher, and the 

predictive accuracy increases. Troponin T levels above 48.94 pg/mL are associated with a 

poorer prognosis, especially in advanced stages of chronic kidney disease, and correlate with 

case severity. 

Table 5.3 ROC analysis and cut off values of Nt proBNP across entire eGFR 

spectrum. 

eGFR AUC (95%CI) Cut-off 

Value 

Sensitivity, 

Specificity 

p value 
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Entire cohhort 0.726 

0.692 – 0.759 

> 1991 

55.78%, 78.91% 

< 0.001 

> 60 0.684 

0.640 – 0.726 

> 1837 

50.4%, 80.1% 

< 0.001 

30 – 60 ml/min 0.717 

0.651 – 0.777 

> 1413 

74.73%, 58.82% 

< 0.001 

< 30 ml/min 0.850 

0.686 – 0.949 

> 6415 

58.33%, 100% 

< 0.001 

   

 ROC analysis and cut-off values of troponin across the entire eGFR spectrum 

eGFR AUC (95%CI)  Cut-off value 

 

p value 

Entire cohort 0.646(0.559-0.726) >12,78pg/ml 0.0032 

> 60 ml/min/1.73m2 0.622(0.515-0.72) >12.78pg/ml 0.04 

< 60 ml/min/1.73m2 0.78(0.625-0.893) >48.94pg/ml 0.001 

Table 5.3 ROC analysis and cut off values of Nt proBNP and troponin across entire eGFR 

spectrum. 

 

    5.4. Survival Analysis – Prognostic Models 

The Kaplan-Meier analysis demonstrates a correlation between decreasing eGFR and 

reduced survival duration (p<0.001). In patients with eGFR greater than 60 mL/min, 

troponin T levels above 12.78 pg/mL are associated with significantly shorter survival 

(p=0.026), and in those with severe impairment (eGFR >60 mL/min and troponin T >48.94 

pg/mL), the differences are highly significant (p<0.001). Using the previously established 

cutoff values of NT-proBNP, the progressive decline in eGFR was associated with decreased 

survival duration, with significant differences observed between subgroups based on renal 

function. 

 

 

 Cut off 

value of  

Troponin hs 

survival Deceased Chi square Logrank p 

>60ml/min >12,78pg/ml 74.64±3.56 58.71±3.688 4.973 0.026 

<60ml/min >48.94pg/ml 71.9±3.83 25.6±9.41 21.62 <0.001 
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 NTproBNP Survival Deceased Chi square Logrank p 

value 

> 60 > 1837 71.46 ± 1.22 50.92 ± 

2.85 

55.47 < 0.001 

30 – 60 ml/min > 1413 69.81 ± 2.16 46.21 ± 

2.96 

29.69 < 0.001 

< 30 ml/min > 6415 46.45 ± 5.53 20.57 ± 

6.39 

8.99 0.003 

Table5.4  Kaplan-Meier survival analysis 

      5.5. Multivariate Analysis and Predictive Independence 

The Cox model identified independent risk factors for mortality: male sex, NYHA class 

III/IV, hemoglobin level, NT-proBNP level, and pulmonary artery pressures, depending on 

the severity of chronic kidney disease. Notably, NT-proBNP, when analyzed as a continuous 

variable, demonstrated its independence as a predictor, surpassing ejection fraction and age, 

especially in patients with eGFR less than 30 mL/min. 
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6. Discussions 

      6.1. Main findings interpretation 

Analysis of this cohort of hospitalized patients with heart failure, with or without renal 

impairment, showed that NT-proBNP levels increase as eGFR decreases, but they remain an 

independent predictor of long-term mortality from all causes across the entire spectrum of 

renal impairment. Reference thresholds for prediction were adjusted according to the degree 

of renal deterioration, with higher levels in patients with advanced renal dysfunction. A sharp 

increase in the cutoff point was observed in patients with eGFR less than 30 mL/min, where 

the cutoff value for mortality prediction was 6415 pg/mL. [131]. Furthermore, as eGFR 

decreases, the number of clinical or non-clinical parameters that remain independently 

associated with the outcome becomes increasingly limited[131]. 

      6.2. Comparison with other relevant studies 

Our findings are in accordance with previous data, which confirm the increase in natriuretic 

peptide levels in the progressively more advanced stages of renal dysfunction. Similarly, 

troponin levels, which reflect myocardial injury and the burden of comorbidities that can 

lead to cardiac damage, have been demonstrated to be independent predictors of survival and 

re-hospitalizations in patients with heart failure and kidney disease, according to recent 

systematic reviews [1]. 

T-proBNP concentrations have been shown to be inversely correlated with eGFR among 

patients with renal impairment. In a cohort of 177 non-diabetic patients with mild to 

moderate chronic kidney disease, NT-proBNP levels increased proportionally with 

decreasing eGFR, and a cutoff value of 213 ng/L was predictive of chronic kidney disease 

progression[132]. Additionally, higher median levels of NT-proBNP were reported by 

Fandini and colleagues in patients with CKD compared to those without, respectively 238.5 

pg/mL versus 44.0 pg/mL (p < 0.001)[133]. An analysis of the CRIC and SPRINT cohorts, 

which included patients without a prior diagnosis of heart failure, showed that the 95th 

percentile NT-proBNP values increased from 682 pg/mL in subjects with eGFR between 45-

59 mL/min/1.73 m², to 1130 pg/mL for those with eGFR between 30-44 mL/min/1.73 m², 

and up to 2523 pg/mL in patients with eGFR less than 30 mL/min/1.73 m² [134]. 

This consistent increase in NT-proBNP levels can be partially attributed to the impaired renal 

function's inability to eliminate these peptides from circulation, which enhances its reliability 
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as a prognostic marker. Moreover, for patients with cardiovascular disease and an estimated 

glomerular filtration rate less than 30 mL/min/1.73 m², the optimal cutoff for predicting all-

cause mortality and major cardiovascular events was established at much higher values, at 

5809.0 pg/mL, compared to 258.6 pg/mL in those with eGFR ≥ 30 mL/min/1.73 m²[70]. 

Consistent with our findings, another systematic review and meta-analysis examining the 

clinical utility of NT-proBNP for acute decompensated heart failure demonstrated that this 

biomarker retains its diagnostic and prognostic value in patients with renal dysfunction, 

presenting higher levels than in the normal population [62]. In a cohort of 341 patients with 

stable chronic heart failure, the cutoff values for NT-proBNP in predicting cardiac events or 

hospitalizations due to worsening heart failure were ≥1474 pg/mL for those with eGFR less 

than 60 mL/min [135], Similar to the cutoff identified in our sample for all-cause mortality 

in patients with the same GFR. Chinese patients with coronary artery disease followed for 

417 days showed different cutoff points for those with and without chronic kidney 

disease[136]. In this cohort, for patients with eGFR less than 60 mL/min/1.73 m², NT-

proBNP levels greater than 370 pg/mL represented the cutoff for poorer prognosis, while for 

those with eGFR ≥ 60 mL/min/1.73 m², the threshold was much higher, with NT-proBNP > 

2584 pg/mL. [72]. Confirming our findings in patients with eGFR less than 30 mL/min/1.73 

m²[131], Horii and colleagues found that NT-proBNP levels greater than 5809 pg/mL were 

significantly associated with all-cause mortality [70]. 

      6.3. Clinical Implications and Practical Applications 

We support the clinical use of NT-proBNP as a predictor of long-term all-cause mortality in 

patients with heart failure and chronic kidney disease, given that this biomarker has 

maintained its prognostic value across all eGFR subgroups [131]. 

This study confirmed that NT-proBNP, a key marker of myocardial dysfunction and renal 

impairment, and pulmonary artery systolic pressure, an indicator of right heart failure and 

pulmonary hypertension, were the two consistent independent predictors of long-term all-

cause mortality across all eGFR subgroups[131]. Previous data have shown that in patients 

with chronic kidney disease, the incidence of pulmonary hypertension  is determined by age, 

anemia, reduced left ventricular ejection fraction, and left ventricular hypertrophy [137]. In 

accordance with our findings, increased pulmonary artery systolic pressure and the presence 

of pulmonary hypertension have previously been independently associated with a higher risk 

of death in patients with chronic kidney disease [137], as well as among patients in end-stage 
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renal disease [138], thereby consolidating the role of pulmonary hypertension as a crucial 

risk factor for mortality in this patient population. 

A multitude of new biomarkers have been evaluated with the aim of improving the prognosis 

of heart failure [139], [140], [141], [142], along with multiparametric risk models that seek 

to enhance the predictive accuracy [143], [144].  In a recent comparison, the BCN-Bio-HF 

score, which includes NT-proBNP levels along with renal function, clinical variables, and 

other laboratory parameters, demonstrated the best analytical performance among other 

prognostic scores, highlighting the prognostic value of the biomarker [145]. 

A novel aspect of our study is the separate analysis for patients in different eGFR groups, 

highlighting different independent parameters for those with progressively worse renal 

function. Our results emphasize the importance of heart failure severity, both of the left and 

right ventricles, alongside the severity of renal dysfunction, particularly in patients with 

eGFR less than 30 mL/min/1.73 m². For these patients, other commonly used predictors have 

lost their independent prognostic value. For example, in patients with eGFR greater than 90 

mL/min/1.73 m² or between 30-60 mL/min/1.73 m², hemoglobin levels were independently 

associated with mortality, according to previous studies[96], whereas in patients with eGFR 

less than 30 mL/min/1.73 m², this correlation was no longer maintained in multivariate 

analysis[131]. The triad of heart failure, chronic kidney disease (CKD), and anemia is well 

known for its significant impact on survival prognosis [146]; However, one could argue that 

its predictive role is less reliable in advanced stages of cardiac and renal disease, where the 

two pathologies become the primary determinants of mortality risk. Concordant findings 

have also been reported for patients with acute cardio-renal syndrome, in which renal 

function at admission constitutes an essential predictor of prognosis [147]. 

Troponin levels are strong independent predictors of cardiovascular and all-cause mortality 

in patients with heart failure, after adjusting for renal function. Notably, renal dysfunction 

modifies the prognostic value of troponin, with the highest risk observed among patients 

presenting both elevated troponin levels and impaired renal function. In patients with chronic 

heart failure, elevated high-sensitivity troponin T levels are particularly relevant as 

independent markers for all-cause mortality, regardless of renal function index [104], [105], 

[117][106], [109][148][119], [149][26], [60][116]. 

A crucial aspect of this analysis is the strong association between elevated high-sensitivity 

troponin T (hs-cTnT) levels and all-cause mortality; Jungbauer and colleagues reported that 
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patients in the highest quartile had a hazard ratio (HR) of 2.6 for mortality, after adjusting 

for renal function, demonstrating the importance of troponin as a prognostic marker in the 

management of heart failure [117]. 

Additionally, understanding the relationship between cardiac and renal function is essential, 

as elevated troponin levels often indicate myocardial injury but also reflect worsening renal 

function. For example, Tentzeris et al. demonstrated that increased levels of high-sensitivity 

troponin T are correlated with renal failure, highlighting the need for a comprehensive 

assessment of both the heart and kidneys[116]. 

Our results corroborate these observations and extend this knowledge: survival analysis in 

the subgroup of patients with heart failure and the determination of high-sensitivity troponin 

T (hs-TnT) levels at admission revealed significant clinico-biological differences between 

surviving and deceased patients, reinforcing the idea that troponin levels are an important 

predictor of long-term prognosis in this vulnerable population.  

Levels above the threshold of 12.78 pg/mL (the cutoff recommended by previous studies) 

are associated with a higher mortality rate, especially in patients with impaired renal function 

(eGFR below 60 mL/min/1.73 m²). In our cohort, patients with troponin levels above 12.78 

pg/mL had a higher average age compared to those below the threshold; however, this 

difference was not statistically significant (p=0.13), suggesting that troponin levels, 

independent of age or other clinical variables, may have prognostic value.  

Furthermore, clinical and laboratory characteristics indicate that deceased patients, on 

average, had higher leukocyte and neutrophil counts, suggesting a possibly more pronounced 

inflammatory state or stronger immune reaction—factors recognized for their negative 

impact on prognosis in acute and chronic heart failure. Similarly, troponin levels above the 

threshold of 12.78 pg/mL correlated with a significant reduction in left ventricular ejection 

fraction, indicating severe deterioration of myocardial function.  

Importantly, in the Kaplan-Meier analysis, differences in survival patterns were observed in 

both subgroups: in patients with eGFR > 60 mL/min/1.73 m², troponin levels above 12.78 

pg/mL were associated with a significant decrease in survival (p=0.026), while in those with 

eGFR < 60 mL/min/1.73 m², this threshold of 48.94 pg/mL highlighted a highly significant 

difference between groups (p<0.001) 
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7.Study limitations 

Among the main limitations are the retrospective and observational nature of the study, 

which restricts causal inference and may introduce selection bias. The relatively small size 

of the subgroup with severe renal impairment (eGFR <30 mL/min/1.73 m²) limits the 

generalizability and robustness of the conclusions for this population. Additionally, 

biomarker values were only assessed at admission, without dynamic follow-up, which limits 

interpretation of temporal changes. Non-cardiac factors, such as comorbidities or 

administered treatments, may influence these marker levels and were not fully controlled.  

The study was conducted at a single center. While this allowed us to include a larger number 

of patients and to have a follow-up period of over four years, it restricted the number of 

variables that could be evaluated. Nevertheless, for the purpose of identifying the utility and 

cutoff values of NT-proBNP in different eGFR subgroups for predicting all-cause mortality, 

we managed to include in the multivariable analysis the main cardiovascular and non-

cardiovascular factors that could potentially act as confounders. 
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8. Conclusions and Personal Contributions 

The conducted research achieved the proposed objectives, demonstrating a significant 

impact of NT-proBNP and high-sensitivity troponin T biomarkers on the prognosis of heart 

failure in patients with renal dysfunction. Our study confirms that NT-proBNP levels 

measured at admission are significant predictors of long-term mortality, independent of the 

eGFR groups associated with renal impairment. The cutoff values for NT-proBNP ranged 

between >1413 and 1991 pg/mL for the general cohort and for groups with eGFR >30 

mL/min/1.73 m², with a recommendation to use a threshold of >6415 pg/mL for patients 

with eGFR <30 mL/min/1.73 m².[131]. 

his finding highlights the critical role of NT-proBNP levels and suggests using high-

sensitivity troponin T levels as a valuable marker in risk stratification for mortality in heart 

failure. It is important that cutoff values be adjusted according to the degree of renal 

impairment and monitored longitudinally to enhance prediction accuracy. 

The technical and economic advantages include precise risk stratification, which can lead to 

personalized patient management. Remaining unresolved issues involve the need for 

integrated predictive models and prospective validation in larger populations.  

Own Contributions:  

1. Establishing adjusted cutoff values for NT-proBNP across various levels of renal 

function, detailed in chapter 5 

2. Confirming the role of NT-proBNP and high-sensitivity Troponin T as independent 

predictors of mortality in heart failure with renal dysfunction, discussed in chapter 5 

3. Introducing variable cutoff values for high-sensitivity Troponin T, depending on 

eGFR, and advocating for their integration into clinical protocols, highlighted in 

chapter 5 

4. Demonstrating the predictive capacity of biomarkers for mortality and emphasizing 

the importance of continuous monitoring, developed in chapter 5. 

5. Providing a framework for adjusting biomarker values based on the presence of renal 

dysfunction, open for future research and extended clinical applicability. 
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These contributions highlight the potential impact of biomarkers in the management of heart 

and kidney failure, providing guidance for improving treatment strategies and risk 

assessment. 
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