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ABSTRACT

Background & Objective: The interplay between cardiac and renal dysfunction poses a major diagnostic and
therapeutic challenge in acute heart failure (AHF). While high-sensitivity troponin T (hs-TnT) and N-terminal pro-B-
type natriuretic peptide (NT-proBNP) are valuable for cardiac assessment, they offer limited insights into renal injury.
We evaluated the performance of plasma liver-type fatty acid—binding protein (L-FABP) in distinguishing acute
cardiorenal syndrome (CRS) from AHF and its correlation with renal function.

Methods: A case-control study was conducted with 90 participants categorized as controls (n=30), AHF (n=30), and
acute CRS (n = 30). Clinical and laboratory data were obtained, including echocardiographic parameters, serum
creatinine, estimated glomerular filtration rate (eGFR), and biomarker levels (L-FABP, hs-TnT, NT-proBNP). Plasma L-
FABP, hs-TnT, and NT-proBNP levels were measured and correlated with renal and cardiac functions. Receiver
operating characteristic (ROC) curve analysis was used to assess the diagnostic performance of biomarkers in
differentiating acute CRS from AHF.

Results: Plasma L-FABP levels were markedly elevated in CRS compared to both AHF and controls (P <0.001). L-FABP
demonstrated a stronger correlation with serum creatinine (r = 0.84) and an inverse relationship with eGFR (r =
-0.55) relative to the other biomarkers. In ROC analyses, L-FABP showed the highest discriminatory power (AUC =
0.968) in differentiating CRS from AHF, exceeding hs-TnT (0.958) and NT-proBNP (0.913). Multiple regression analysis
revealed that only L-FABP remained a significant independent predictor of current renal impairment (P = 0.001).

Conclusion: Plasma L-FABP offers superior diagnostic accuracy and correlates more closely with renal dysfunction
than conventional cardiac markers in AHF and CRS. Integrating L-FABP into routine evaluation may enhance early
risk stratification and guide targeted therapeutic interventions for patients at risk of worsening kidney injury.

Abbreviations: AHF: Acute heart failure, CRS: cardiorenal syndrome, hs-TNT: high-sensitivity troponin T, L-FABP:
liver-type fatty acid—binding protein

Keywords: Acute Heart Failure; AHF; CRS; hs-Tnt; NT-Probnp; Plasma L-FABP

Citation: Alredha RD, Farman HA. Plasma L-FABP as a superior biomarker for detecting and characterizing
cardiorenal syndrome in acute heart failure: comparative insights with hs-troponin T and NT-proBNP. Anaesth.
pain intensive care 2025;29(2):284-293. DOI: 10.35975/apic.v29i2.2717

Received: September 27, 2024; Reviewed: October 24, 2024; Accepted: January 01, 2025

www.apicareonline.com 284 Open access attribution (CC BY-NC 4.0)


https://doi.org/10.35975/apic.v29i2.2717
http://www.apicareonline.com/
mailto:redha.alredha.chm@student.atu.edu.iq
https://orcid.org/0009-0005-6774-5036
https://orcid.org/0009-0005-6774-5036
mailto:kuh.hsn@atu.edu.iq
https://orcid.org/0000-0001-6825-6502
https://orcid.org/0000-0001-6825-6502
mailto:redha.alredha.chm@student.atu.edu.iq
https://doi.org/10.35975/apic.v29i2.2717

Alredha RD, Farman HA

1. INTRODUCTION

Acute cardiorenal syndrome (CRS) is a complex,
bidirectional disorder in which acute dysfunction of the
heart precipitates acute kidney injury (AKI) and vice
versa, leading to synergistic deterioration of both
organs.! This intricate interaction poses significant
diagnostic and therapeutic challenges, particularly in
distinguishing acute CRS from acute heart failure
(AHF), as both conditions frequently exhibit overlapping
clinical manifestations, including congestion, renal
impairment, and hemodynamic instability. > Accurate
early differentiation between these syndromes is
essential for guiding appropriate therapeutic
interventions because misclassification may lead to
suboptimal management strategies, resulting in
increased morbidity, prolonged hospitalization, and
higher mortality rates.*

The integration of biomarkers into clinical decision
making has significantly enhanced the diagnostic and
prognostic assessment of cardiovascular and renal
diseases. Biomarkers provide pathophysiological
insights into myocardial stress, renal injury, and
hemodynamic  overload, thereby refining risk
stratification and therapeutic guidance.> ¢ In the context
of CRS and AHF, plasma and urinary biomarkers have
been extensively studied for their potential to
differentiate between these conditions, with particular
emphasis on markers of renal tubular injury, myocardial
injury, and natriuretic peptides.’

Among renal biomarkers, liver-type fatty acid-binding
protein (L-FABP), a 14 kDa protein predominantly
expressed in proximal tubular epithelial cells, has
emerged as a sensitive marker of renal ischemia and
oxidative stress-induced injury.® L-FABP plays a crucial
role in intracellular fatty acid transport and protection
against lipid peroxidation, and its urinary and plasma
levels have been associated with the early detection of
AKI in critically ill patients.® Notably, Naruse, Ishii, '°
demonstrated that elevated urinary L-FABP levels at
hospital admission independently predicted AKI in
patients admitted to cardiac intensive care units (CICUs),
highlighting its clinical utility in detecting renal
dysfunction before traditional markers, such as
creatinine, exhibit significant changes.

In parallel, high-sensitivity troponin T (hs-TnT) has been
established as a highly specific biomarker for myocardial
injury, with elevated levels reflecting ongoing
cardiomyocyte stress, necrosis, or ischemia.!' Elevated
hs-TnT levels have been strongly associated with
adverse clinical outcomes in heart failure patients,
particularly in those with underlying renal impairment,
as reduced clearance may exacerbate troponin
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accumulation,  further cardiorenal

interplay.'?

complicating

Furthermore, N-terminal pro-B-type natriuretic peptide
(NT-proBNP), a well-documented marker of ventricular
volume overload and myocardial wall stress, is a key
indicator of heart failure severity and prognosis.'> NT-
proBNP is secreted by cardiomyocytes in response to
increased ventricular pressure, and its elevation
correlates with a worsening functional status, increased
hospitalization rates, and mortality in patients with heart
failure.'"* Importantly, NT-proBNP levels have been
shown to correlate with renal function, as impaired renal
clearance in CRS may result in persistently elevated
levels, necessitating careful interpretation in cardiorenal
patients. '3

Despite the availability of these biomarkers,
distinguishing acute CRS from AHF remains a clinical
challenge because both syndromes share common
pathophysiological mechanisms and overlapping
biomarker elevations. No single biomarker has
demonstrated sufficient specificity to definitively
differentiate between these conditions, emphasizing the
need for a multimodal biomarker approach.'® This study
aimed to evaluate the diagnostic and prognostic utility of
plasma L-FABP, hs-TnT, and NT-proBNP levels in
distinguishing acute CRS from AHF. By elucidating the
interrelationships between renal dysfunction, myocardial
stress, and hemodynamic overload, this study seeks to
enhance biomarker-based risk stratification, improve
early detection strategies, and ultimately optimize
patient outcomes in this high-risk population.

2. METHODOLOGY

2.1. Study Design and Participants

This case-control study was conducted at Al-Sadr
Teaching Hospital in Najaf, Iraq, from June 2024 to
December, 2024, enrolling a total of 90 participants, who
were classified into three groups: a control group (n=30)
consisting of healthy individuals without a history of
cardiovascular or renal disease, an AHF group (n=30)
comprising patients diagnosed of AHF, based on clinical
presentation and echocardiographic findings, and an
acute CRS group (n=30), defined by the presence of both
AHF and AKI according to the ‘Kidney Disease:
Improving Global Outcomes’ (KDIGO) criteria.!” The
study was approved by the Institutional Review Board
(No. 34328). All participants provided written informed
consent in compliance with the principles of the
Declaration of Helsinki.'® The sample size (n) was
determined using the following formula to compare two
proportions in case-control studies'®:
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2
n = {( Z{%} + Z{ﬁ}) ‘[P1(1—p1) + pZ(l—Pz)]}

APy = p2)*}
. Z{g} = 1.96 for a 95%

2
confidence level,

e Zg = 0.84 for 80% power,

e p,_ 0.70 (proportion of a specific
marker in the PCOS group based
on previous studies)

e p,_ 0.30 (proportion in controls).

The inclusion criteria for the AHF and Acute CRS
groups were, clinical, radiological and laboratory
evidence of acute cardiac dysfunction with or without
concomitant AKI. Subjects were excluded if they had
chronic dialysis dependence, severe systemic illness
(e.g., advanced liver disease or active malignancy), or
recent exposure to nephrotoxic agents. Patients with
AHF and CRS were recruited based on established
diagnostic criteria, including the European Society of
Cardiology guidelines for AHF and definition of type 1
CRS as acute cardiac dysfunction leading to renal
impairment.2% 2!

2.2. Data Collection

Demographic details (age and sex) and relevant medical
history were documented. Anthropometric
measurements included body mass index (BMI)(22).
The clinical assessment included the New York Heart
Association (NYHA) functional classification, which
was used to evaluate the severity of heart failure
symptoms, categorizing patients from Class 1
(asymptomatic) to Class IV (severe limitation of
activity) (23). The left ventricular ejection fraction (EF)
was determined using transthoracic echocardiography
(TTE) and classified as preserved EF (>50%), mid-range
EF (40-49%), and reduced EF (<40%) based on the
European Society of Cardiology (ESC) guidelines (24).
The duration of hospitalization was also recorded and
stratified into two categories, <7 days and >7 days, to
assess the impact of biomarker levels on patient
outcomes (25).

2.3. Sample Collection

Venous blood samples (5-7 mL) were collected from
each participant via standard phlebotomy into serum
separator tubes (SST) and ethylenediaminetetraacetic
acid (EDTA) plasma tubes. Samples were drawn under
fasting conditions (if clinically feasible) or at a
standardized time point immediately after admission.
Tubes were centrifuged at 3,000 x g for 10 min at 4°C,
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and serum and plasma aliquots were stored at —80°C
until assay.

2.4. Biochemical Measurements

Laboratory measurements were performed using venous
blood samples collected at the time of hospital
admission. Plasma and serum were separated by
centrifugation at 1500 x g for 15 min and stored at -80°C
until biomarker analysis. Plasma L-FABP levels were
measured using an enzyme-linked immunosorbent assay
(ELISA) kit (Cat No. LS-F6955, LifeSpan BioSciences,
USA) with a detection range of 0.1-50 ng/mL. High-
sensitivity Troponin T (hs-TnT) levels were determined
using the Elecsys® Troponin T hs assay (Cat No.
05092744 190, Roche Diagnostics, Switzerland), which
has a lower detection limit of 5 ng/L and 99th percentile
cutoff of 14 ng/L. N-terminal pro-B-type natriuretic
peptide (NT-proBNP) was quantified using the Elecsys®
pro-BNP Il immunoassay (Cat No. 04842464 190,
Roche Diagnostics, Switzerland), with a measurement
range of 5-35,000 pg/mL. Serum creatinine levels were
assessed using a Jaffé kinetic colorimetric assay (Cobas
c702, Roche Diagnostics, Switzerland), and the
estimated glomerular filtration rate (eGFR) was
calculated using the CKD-EPI equation?® as follows:

eGFRcr = 142 x min (Scr/k, 1) o x max (Scr/x, 1)-1.200
x 0.9938Age x 1.012 [if female].

In addition to biomarker quantification, complete blood
count (CBC), including white blood cell (WBC) count,
red blood cell (RBC) count, and hemoglobin (Hb) level,
were measured using an automated hematology analyzer
(XN-9000, Sysmex, Japan). Serum sodium and
potassium concentrations were determined using an ion-
selective electrode method (Cobas 6000, Roche
Diagnostics, Switzerland).

2.5. Statistical Analysis

The GraphPad Prism 9 software application was used to
ascertain the impact of disparate groups (patients versus
controls) on the study parameters. The T-test was used
to conduct a significant comparison of the means. The
Chi-square test was implemented to perform a
significant comparison of percentages at the 0.05 and
0.01 probability levels. Estimations of the correlation
coefficients and multiple linear regression analyses were
conducted for the variables. The sensitivity and
specificity of the parameters were evaluated in both the
patient and control groups. Cutoff values for the
biomarkers were established using Receiver Operating
Characteristic (ROC) curve analysis, aimed at
optimizing both sensitivity and specificity. The Youden
Index was used to determine the optimal threshold for
each parameter.?’
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Table 1: Comparative demographic, clinical, and laboratory profiles of control, acute heart failure,
and acute cardiorenal syndrome groups?

Characteristics Control group | AHF group Acute CRS P-value

(n =30) (n =30) group

(n = 30)

Age (y) 61.5+5.6 62.9+5.6 62.6 + 7.09 0.16 ONs
Gender
o Male 19 (63) 14 (46) 16 (54) 0.15FNS
e Female 13 (43) 17 (57) 11 (37)
BMI (kg/m?) 23.7+1.26 254 +0.84 279+ 1.54 0.22 ONs
Duration of hospitalization
e <7 days - 11 (37) 0(0.0) <0.001 F™
e > 7 days - 19 (63) 30 (100 )
NYHH classification
e Class | - 0(0.0) 0(0.0) <0.001 F™
e Class Il - 8 (27) 0(0.0)
e Class IlI - 22 (73) 9(30)
e Class IV - 0(0.0) 21 (70)
Ejection fraction 63.77 £4.30 45.70 £5.08 32.73+2.49 <0.001 O ***
BUN (mg/dl) 86+25A 104 +£43A 30.2+11.48 <0.001 O ***
Baseline serum 0.75+0.08 A 0.95+0.06 B 1.34+0.08B <0.001 O ***
creatinine (mg/dl)
Current serum 0.84 +£0.09 A 1.16 £ 0.06 B 2.89+0.53cC <0.001 O ***
creatinine (mg/dl)
eGFR (mL/min) 97.3+13.9A 70.3+10.38 521+96¢C <0.001 O ***
WBC (x10°/L) 6.3+1.8A 11.3+0.88 13.6+09cC <0.001 O ***
RBC (x10°/L) 491024 3.8+0.288B 34+032c <0.001 O ***
Hb (g/dl) 14.3+0.6A 11.3+0.58B 10.3+0.51¢C <0.001 O ***
Sodium (mEq/L) 141.5+2.33A 136.3+0.8B 1326+14c <0.001 O ***
Potassium (mEg/L) 4.01+£0.33A 42+0.118B 5.04 £0.27 C <0.001 O ***

LEGEND: Data given as Mean * SD or n (); O: one-way ANOVA; NS: not significant (p = 0.05); F: Fisher's exact test;
***: significant at P < 0.001. Capital letters A, B, and C indicate the level of significance following Tukey's multiple

comparisons test; similar letters indicate no significant difference, whereas different letters indicate significant

differences.

3. RESULTS

Demographic, clinical, and laboratory parameters are
compared across the three groups. There were no
significant intergroup differences in age, sex
distribution, or BMI (all P > 0.05) (Table 1). However,
both the duration of hospitalization and NYHA
functional classes differed notably, with acute CRS
patients all having longer stays (>7 days) and more
severe NYHA classes compared to the AHF group (P <
0.001). EF progressively declined from control (63.77 £+
4.30%) to AHF (45.70 + 5.08%) to acute CRS group

www.apicareonline.com

(32.73 £2.49%; P <0.001), reflecting worsening cardiac
function (Table 1).

Renal indices (BUN, serum creatinine, and eGFR) were
significantly altered among the three groups, with the
most pronounced renal impairment observed in acute
CRS group (all P <0.001). Similarly, WBC counts were
the highest and RBC counts the lowest in the acute CRS
group (both P < 0.001), indicating heightened
inflammatory status and possible anemia. Hb values
were also significantly reduced in both AHF and CRS
compared to controls (P <0.001). Lastly, serum sodium
and potassium levels varied markedly, with lower
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Table 2. Comparative Levels of study bionarkers in Control, AHF, and Acute CRS Groups

Biochemical Parameter Control group AHF group Acute CRS group P-value
(n =30) (n = 30) (n =30)
hs-TnT (pg/mL) 106+1.9A 611+1018 832+83cC <0.0010
*%k%k
NT-proBNP (ng/mL) 0.19+0.05A 6.34+1.328B 9.1+15c <0.0010
*%k%k
Plasma L-FABP (ng/mL) 5.04+0.8A 10.7+5.78 255+5.2c <0.0010

*kk

LEGEND: @ n: number of cases; SD: standard deviation; O: one-way ANOVA; ***: significant at P < 0.001. Capital letters
A, B, and C were used to indicate the level of significance following Tukey's multiple comparisons test; similar letters
indicate no significant difference, whereas different letters indicate significant differences.

Table 3: Association of biomarkers with hospitalization duration a

Characteristic Hospitalization Mean Difference

Plasma L-FABP (ng/mL) 11.58 £5.74 21.20 +8.80 -9.62 < 0.001 | ***
hs-TnT (pg/mL) 612.53 £ 107.04 772.55 £ 132.03 -160.02 < 0.001 | ***
NT-proBNP (ng/mL) 6.00 £1.23 8.50+1.74 -2.50 < 0.001 | ***

Data given as Mean * SD; 2 n: number of cases; I: independent T test; *** significant at P < 0.001.

Table 4: Receiver Operating Characteristic (ROC) Curve Analysis for Biomarkers in
Differentiating Acute CRS from AHF

Variable(s) Std. Error 95% Confidence Cutoff

Interval
Plasma L-FABP (ng/mL) 0.968 0.023 < 0.001*** 0.923 1.013 17.9800 0.967 0.067
hs-TnT (pg/mL) 0.958 0.023 < 0.001*** 0.913 1.002 738.6450 0.900 0.100
NT-proBNP (ng/mL) 0.913 0.036 < 0.001*** 0.843 0.983 7.9650 0.800 0.067

aSens: Sensitivity; Spec: Specificity; AUC: area under curve

Table 5: Multiple linear regression analyses of biomarkers predicting current creatinine levels®

Current creatinine independent variables

Dependent variables

B (Coefficient) Std. Error | t-value

Plasma L-FABP (ng/mL) 0.532 0.001 3.404 0.001
hs-TnT (pg/mL) 0.089 0.001 0.975 0.334
NT-proBNP (ng/mL) 0.110 0.038 1.243 0.219

Model (R?= 0.811) F-ratio (46.325) The model is statistically significant (P < 0.001).
2 B (coef): Regression Coefficient; Dependent Variable: Current Creatinine

sodium and higher potassium in acute CRS, suggestive
of notable electrolyte disturbances (P < 0.001).

In Table 2 all three measured biomarkers—Hs-TnT, NT-
proBNP, and plasma L-FABP—demonstrated highly
significant differences among the control, AHF, and
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acute CRS groups (P <0.001). Hs-TnT and NT-proBNP,
both indicators of cardiac stress, showed stepwise
elevations from control to AHF and reached their highest
levels in acute CRS. A similar trend emerged for plasma
L-FABP, with markedly increased concentrations in
acute CRS compared to both AHF and controls. As
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illustrated in Figure 1, multiple
comparison testing confirmed
that the mean plasma L-FABP
differences between each pair
of groups (control vs. AHF,
control vs. CRS, and AHF vs.
CRS) were statistically
significant, reflecting a clear
gradient of rising biomarker

AHF - Acute CRS -

Control - Acute CRS

95% Confidence Intervals

Column means diff.

levels in the setting of Control - AHF
worsening cardiac and renal
dysfunction.

-25

Table 3 reveals a significant
association between prolonged

T T T T i
-20 -15 -10 -5 0

Difference between group means

hospitalization (>7 days) and
elevated levels of Plasma L-

FABP, hs-TNT, and NT- [979UPS

Figure 1: Multiple comparisons test 95 Cl of plasma L-FABP across study

proBNP (P < 0.001).

Patients with extended hospitalization had markedly
higher Plasma L-FABP, hs- TNT, and NT-proBNP
compared to those hospitalized for < 7 days.

Figure 2A reveals a strong, positive correlation (r =
0.840) between plasma L-FABP and current serum
creatinine levels, indicating that rising L-FABP
concentrations are closely associated with increased
renal impairment. In contrast, Figure 2B demonstrates a
moderate, negative correlation (r = —0.550) between
plasma L-FABP and eGFR, suggesting that higher L-
FABP values coincide with diminishing glomerular
filtration rates.

In Table 4, plasma L-FABP demonstrated the highest
diagnostic accuracy for distinguishing acute CRS from
acute AHF, with an AUC of 0.968 (P <0.001). By

4—

Current creatinine (m g/dl)

I
20
Plasma L-FABP (ng/mlL)

comparison, hs-TnT (AUC = 0.958) and NT-proBNP
(AUC = 0.913) also showed excellent performance (P <
0.001 for both). The cutoff values derived for each
biomarker (17.98 ng/mL for L-FABP, 738.65 pg/mL for

hs-TnT, and 7.97 ng/mL for NT-proBNP) yielded high
sensitivities (0.80-0.97) and specificities (0.90-0.93).

Table 5 show multiple linear regression model
incorporating plasma L-FABP, hs-TnT, and NT-proBNP
explained 81 of the variance in current serum creatinine
(R? = 0.811; F = 46.325; P < 0.001). Of the three
biomarkers, only plasma L-FABP emerged as a
statistically ~ significant independent predictor of
creatinine levels (B = 0.532, P = 0.001), indicating that
rising L-FABP is strongly associated with higher
creatinine. In contrast, hs-TnT (B =0.089, P=0.334) and

1504

100+

th
T

eGFR (ml/min/1)

20 30 40
Plasma L-FABP (ng/mL)

Figure 2 (A): Scatter plot showing the positive correlation between plasma L-FABP and current serum
creatinine, (B): Scatter plot showing the negative correlation between plasma L-FABP and eGFR.
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NT-proBNP (B=0.110, P = 0.219) did not significantly
contribute to the model. The overall model was highly
significant (R? = 0.811, F-ratio = 46.325, P < 0.001),
indicating that these biomarkers collectively explained a
substantial proportion of creatinine variability, with
plasma L-FABP being the most influential predictor.

4. DISCUSSION

The intricate pathophysiology underlying CRS involves
hemodynamic alterations, neurohormonal activation,
inflammation, oxidative stress, and endothelial
dysfunction, all of which create a vicious cycle of
worsening organ function (28). Given the high morbidity
and mortality associated with CRS, the identification of
reliable biomarkers for early diagnosis, risk
stratification, and prognosis is of paramount
importance.?’ Our study underscores the pivotal role of
plasma L-FABP in delineating the complex
pathophysiology of AHF and acute CRS. By
demonstrating a stronger association with renal function
indices (serum creatinine and eGFR) than either hs-TnT
or NT-proBNP, L-FABP appears to provide a more
direct measure of tubular integrity in the context of acute
cardiac decompensation. Furthermore, the superior
diagnostic accuracy of L-FABP in differentiating CRS
from AHF adds to a growing body of literature that
positions L-FABP as a potent, renal-focused biomarker
in the cardiorenal continuum.*

Mechanistically, L-FABP is an intracellular chaperone,
binding and stabilizing free fatty acids, reducing their
potential to undergo peroxidation and generate reactive
oxygen species (ROS).° Under normal circumstances,
the kidney’s proximal tubule derives a substantial
portion of its energy from p-oxidation of fatty acids;
however, in conditions of low perfusion pressure or
increased venous congestion—both hallmarks of acute
or chronic heart failure—tubular cells experience
ischemia, leading to an accumulation of partially
oxidized fatty acids and subsequent cellular injury.’! In
response, L-FABP expression rises in proximal tubular
cells, and excess L-FABP 1is released into the
bloodstream (or urine), thus serving as a real-time gauge
of tubular stress.>? Beyond its role as a marker, some
reports suggest that L-FABP may also mitigate further
lipid peroxidation damage; however, persistent
hemodynamic derangements can overwhelm this
protective mechanism, resulting in continued renal
function decline.!®

Importantly, while hs-TnT and NT-proBNP reflect
myocardial injury and wall stress, respectively, they do
not specifically address renal tubular pathology. As such,
our regression analysis showing that only L-FABP
contributed significantly to predicting serum creatinine
highlights a missing piece in standard AHF biomarker
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panels. The data bolster the concept that CRS is driven
by a culmination of myocardial dysfunction,
neurohormonal dysregulation, and direct tubular injury,
each best captured by different—but complementary—
biomarkers.** This comprehensive approach resonates
with the “multi-organ heart failure” framework proposed
in recent literature, which advocates for monitoring
markers that reflect stress on both the heart and
kidneys.!®

One of the key findings of this study was the superior
diagnostic accuracy of plasma L-FABP in distinguishing
CRS from AHF, with an ROC AUC of 0.968. This
finding is particularly significant, given that early
differentiation between CRS and AHF is critical for
optimizing treatment strategies. Combining L-FABP
with NT-proBNP further improved the diagnostic
precision, supporting previous research demonstrating
that multi-marker approaches enhance early CRS
detection. Elevated hs-TnT and NT-proBNP levels were
significantly associated with prolonged hospitalization
(>7 days) and increased disease severity, reinforcing
their value as predictors of adverse clinical outcome.
These results were consistent with those reported by
Alhejily and Tan, Chan, who reported that elevated
natriuretic peptides and troponins predict readmission
risk and mortality in populations with heart failure.3* 33

Our findings align with earlier work by Naruse, Ishii,
which demonstrated a robust correlation between L-
FABP and acute kidney injury severity.'” These authors
noted that urinary L-FABP levels reflected early tubular
stress long before significant changes in serum creatinine
were observed. Although our study focused on plasma
L-FABP, the mechanistic underpinning remains highly
relevant: increased oxidative stress and lipid
peroxidation in the proximal tubule lead to greater
expression and release of L-FABP.* Similarly, Tang,
Bakitas highlighted the profound influence of renal
congestion and reduced forward perfusion on kidney
injury in advanced heart failure.*® Our data support their
proposition that interventions reducing venous pressure
and enhancing cardiac output may concurrently alleviate
tubular cell stress, reflected by a potential decline in L-
FABP concentrations. Several groups have also
emphasized how CRS is not merely a unidirectional
process of “heart failing the kidney” but rather an
intricate interplay wherein kidney-derived factors, such
as  heightened inflammatory  mediators  and
neurohormonal  signals, can aggravate cardiac
dysfunction.®® This bidirectional crosstalk may help
explain why conventional cardiac markers (hs-TnT, NT-
proBNP) alone do not fully capture the severity of CRS,
whereas L-FABP offers a more integrated view of

tubulointerstitial pathology tied to hemodynamic
compromise.
290 Open access attribution (CC BY-NC 4.0)
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Clinically, our findings point to L-FABP as a powerful
early-warning marker of renal compromise in patients
with AHF, where even subclinical tubular damage may
set the stage for progressive CRS. Early detection using
L-FABP could prompt more aggressive interventions,
such as optimizing volume management to alleviate
congestion, intensifying neurohormonal blockade, or
employing device therapy to bolster cardiac output if
needed.”” Indeed, Spring, Marsela showed that
decongestive strategies aimed at lowering right atrial
pressure can slow the trajectory of renal deterioration,
presumably by reducing venous back-pressure on the
kidneys.’® While serum creatinine and eGFR remain the
conventional indices, they are often late or insensitive
indicators of kidney injury; incorporating L-FABP
measurements could refine risk stratification by
identifying patients at immediate risk of renal
deterioration before it becomes clinically evident.

Another practical consideration is monitoring treatment
response. Given that L-FABP levels rise and fall in
tandem with tubular cell injury, serial measurements
may track acute on chronic kidney insults in real time,
thus enabling personalized, dynamic management.
Future research should seek to determine if a decline in
L-FABP during therapy correlates with clinically
meaningful outcomes, such as shorter hospital stays or
reduced mortality in CRS.

5. LIMITATIONS

This study has several limitations, including the small
sample size, which may limit the generalizability and
observational design, preventing causal inferences. The
lack of longitudinal biomarker measurements limits our

understanding of dynamic changes over time.
Additionally, potential confounders, such as
comorbidities (e.g., diabetes and chronic kidney

disease), may have influenced the biomarker levels.
Finally, as a single-center study, multicenter validation
with larger cohorts is needed to confirm these findings
and support clinical integration.

6. Future Directions

Future research should prioritize large-scale multicenter
studies to validate the superior diagnostic performance
of plasma L-FABP in differentiating CRS from AHF.
Longitudinal studies are needed to assess the prognostic
value of hs-TnT and NT-proBNP levels in predicting
disease  progression and treatment  response.
Additionally, integrating plasma L-FABP with novel
renal biomarkers, such as NGAL and KIM-1, could
enhance the early detection of AKI in CRS. Further
investigations  should explore biomarker-guided
treatment  strategies, using serial NT-proBNP
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measurements to optimize diuretic therapy and hs-TnT
trends to assess myocardial stress and guide
cardioprotective interventions in CRS management.

7. CONCLUSION

Our study reinforces the distinct pathophysiological
significance of L-FABP in AHF and CRS,
demonstrating its strong correlation with renal
dysfunction, potent discriminative ability for CRS, and
independence from traditional cardiac markers. These
data suggest that L-FABP captures the intricate interplay
of ischemic, congestive, and metabolic insults to the
kidney in the setting of compromised cardiac function.
Integrating L-FABP measurement into standard practice
could profoundly enhance early risk stratification,
enabling the timely implementation of targeted strategies
that protect renal function and potentially improve the
overall prognosis of patients with CRS.
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