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ABSTRACT

Aim of Study: To evaluate clinical features, early biomarkers, pathophysiological mechanisms, and treatment outcomes of

cardiorenal syndrome (CRS) in hospitalized patients.
Study Duration: January 2022 to March 2023.

Study Place: Niazi Medical & Dental College, Sargodha & Sharif Medical Hospital, Lahore, Pakistan.

Study Type: Prospective study.

Methodology: 150 patients with CRS (types 1-5) were enrolled. Serum biomarkers (NT-proBNP, NGAL, Cystatin C, Troponin-
1), renal/cardiac function tests, and echocardiography were analyzed. Treatment response to diuretics, ACE inhibitors, and renal

replacement therapy (RRT) was assessed.
Results:

e NT-proBNP and NGAL were elevated in 92% and 88% of CRS cases, respectively.
e 34% progressed to acute kidney injury (AKI); 22% required RRT.

e Mortality was 18%, highest in CRS type 3 (Table 4).

Discussion: Early biomarker elevation (NGAL, Cystatin C) preceded creatinine rise by 24—48 hours. Hemodynamic instability
and neurohormonal activation were key pathophysiological drivers. Tailored diuretic and RRT protocols improved outcomes.
Conclusion: NGAL and NT-proBNP enable early CRS diagnosis. Multidisciplinary management reduces mortality.
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INTRODUCTION

Cardiorenal syndrome (CRS) represents one of modern medicine’s
most intricate pathophysiological puzzles—a bidirectional organ
crosstalk where dysfunction in the heart or kidneys initiates a self-
perpetuating cycle of multisystem failure. First systematically
classified by Ronco!, CRS transcends simple comorbidity,
embodying a maladaptive integration of hemodynamic,
neurohormonal, and inflammatory pathways that amplify injury
beyond either organ system alone. Globally, CRS affects 25-40%
of acute heart failure admissions, with mortality reaching 50%
within one year for advanced cases, positioning it as a critical
public health challenge. In resource-constrained settings like
Pakistan, where this study was conducted at Niazi Medical &
Dental College, Sargodha & Lahore’s Sharif Medical Hospital, CRS
prevalence in ICU admissions exceeds 30%, yet region-specific
data on phenotypes and outcomes remain alarmingly scarce. This
knowledge gap perpetuates therapeutic nihilism, driving our
investigation into early diagnostics and precision management
strategies. The CRS classification system delineates distinct
mechanistic pathways, each demanding tailored interventions:
Type 1 (Acute Cardio-Renal) involves sudden cardiac
decompensation (e.g., acute myocardial infarction) precipitating
acute kidney injury (AKI), representing 35% of our cohort, often
with rapid creatinine rise within 72 hours; Type 2 (Chronic Cardio-
Renal) stems from chronic heart failure (HFrEF/HFpEF) causing
progressive glomerular filtration rate (GFR) decline, accounting for
28% of cases, frequently linked to diuretic resistance; Type 3
(Acute Reno-Cardiac) arises from primary AKI (e.g., sepsis)
triggering acute cardiac events, noted in 20% of patients with the
highest mortality (32%); Type 4 (Chronic Reno-Cardiac) involves
chronic kidney disease (CKD) accelerating cardiac pathology,
comprising 12% with 20% dialysis dependence; Type 5
(Secondary CRS) results from systemic disorders (e.g., diabetes,
sepsis) simultaneously damaging both organs, observed in 5% yet
associated with the longest hospital stays (20.1 + 6.4 days) 213,
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Epidemiologically, CRS complicates 27.5% of acute HF
admissions in North America and 32.8% in Europe, with 1-year
survival plummeting to 45-50% for CRS types 3-5 versus 75-80%
for isolated heart failure 2. In Pakistan, hypertension (75%) and
diabetes (60%) dominate comorbidities at our center, accelerating
CRS progression against structural barriers including late

presentations (mean baseline eGFR: 45.3 mL/min), limited
biomarker access, and renal replacement therapy (RRT)
shortages, exacerbating outcomes where regional mortality

exceeds Western reports by 8-12% °!5. Pathophysiologically,
hemodynamic drivers include renal perfusion collapse (cardiac
output <2.5 L/min reducing renal blood flow 40—-60%) and venous
congestion (central venous pressure >12 mmHg, observed in 68%
of our cohort), inducing ‘“renal compartment syndrome."
Neurohormonal dysregulation features RAAS/SNS overdrive,
triggering norepinephrine and angiotensin |l surges causing renal
vasoconstriction, and non-osmotic arginine vasopressin release
worsening hyponatremia. Inflammatory and metabolic crossfire
involves cytokine storms (TNF-a, IL-6, IL-1B in Type 3 CRS)
promoting tissue injury and mitochondrial dysfunction generating
reactive oxygen species impairing ATP synthesis 22, Clinically,
cardiac-dominant phenotypes (Types 1-2) feature orthopnea,
rales, elevated JVP, and oliguria; renal-dominant phenotypes
(Types 3-4) present with flash pulmonary edema, refractory
hypertension, and arrhythmias overshadowing uremia; Type 5
CRS mimics multiorgan failure with distributive shock and anuria®®.

Diagnostically, conventional tools like serum creatinine
(delayed rise post-50% nephron loss, confounded by age/muscle
mass) and BNP (false negatives in obesity, false positives in renal
impairment) exhibit limitations. Emerging biomarkers validated
here include neutrophil gelatinase-associated lipocalin (NGAL), a
tubular injury marker rising within 2h (310 + 135 ng/mL in CRS vs.
45 + 20 ng/mL controls; p<0.001); NT-proBNP, a cardiac stretch
biomarker predicting AKI progression at >2500 pg/mL (AUC=0.91);
and cystatin C, a GFR-independent filtration marker superior for
early Type 4 CRS detection (Haase et al., 2023). Therapeutically,
pharmacologic strategies face diuretic resistance (40% AKI risk
with furosemide monotherapy), while sequential nephron blockade
and RAAS inhibition (ACE inhibitors reducing mortality by 40%
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versus diuretics alone) show promise. Device/RRT interventions
include biomarker-guided RRT (NGAL >300 ng/mL + oliguria
shortening ICU stays by 3.2 days) and ultrafiltration, superior in
Type 1 CRS with fluid overload *. Despite CRS consuming 30% of
ICU resources at our institution, no local studies have profiled
biomarker kinetics across subtypes, correlated venous congestion
with AKI progression, or tested tailored diuretic-RRT protocols.
This prospective cohort study (January 2022-March 2023) thus
aimed to: (1) characterize clinical/biochemical signatures of CRS
types 1-5; (2) validate NGAL/NT-proBNP as early diagnostic tools;
(3) elucidate hemodynamic/inflammatory drivers via serial
biomarker mapping; (4) evaluate mortality reduction with
biomarker-guided therapy. CRS epitomizes medicine’s shift toward
interconnected systems biology. Its rising prevalence demands
urgent translation of biomarker innovations into point-of-care
algorithms®#, Integrating NGAL/NT-proBNP into routine workups—
as piloted here—can preempt AKI, personalize decongestion, and
disrupt the cardiorenal death spiral. Future research must prioritize
minimally invasive hemodynamic monitoring and targeted anti-
inflammatory agents.

METHODOLOGY

Participants:

. Inclusion: Adults (age >18 years) with CRS (KDIGO/AHA
criteria).

. Exclusion: Isolated
pregnancy.

. Sample Size: 150 patients (power = 80%, a = 0.05).

Variables:

. Clinical: Age, comorbidities, NYHA class, AKI stage.

. Biochemical: NT-proBNP, NGAL, cystatin C, troponin-I,
creatinine, eGFR.

. Treatment: Diuretics, ACE inhibitors, RRT, vasopressors.

Procedures:

heart/kidney injury, cancer, or

1. Baseline assessments (demographics, vitals,
echocardiography).
2. Serum biomarkers measured at admission, 24h, 48h, and

7d.
3. Outcomes: Mortality, dialysis dependence, hospital stay.
StatisticalAnalysis: SPSS v26.0; ANOVA, Chi-square, ROC
curves, multivariate regression (*p*<0.05 significant).

RESULTS
Table 1: Baseline Characteristics (n=150)
Variable Value
Age (years) 64.2+115
Male (%) 62%
CRS Subtype
- Type 1 (%) 35%
- Type 2 (%) 28%
- Type 3 (%) 20%
- Type 4 (%) 12%
- Type 5 (%) 5%
Comorbidities
- Hypertension (%) 75%
- Diabetes (%) 60%
Baseline eGFR (mL/min) 45.3+18.2

Table 2: Biomarker Profiles at Admission

Biomarker CRS+ (n=150) Controls (n=50) p-value
NT-proBNP (pg/mL) | 2,850 + 1,240 180 * 95 <0.001
NGAL (ng/mL) 310 + 135 45 + 20 <0.001
Cystatin C (mg/L) 24+0.8 0.8+0.2 <0.001
Troponin-I (ng/mL) 15+0.7 0.01 + 0.003 <0.001

Table 3: Treatment Response

Intervention AKI Progression (%) Mortality (%)
Diuretics alone 40% 25%
Diuretics + ACEi 28% 15%
RRT required 22% 38%

Table 4: Outcomes by CRS Subtype

Subtype Mortality (%) (Doza;lyss Dependence Ejgizl)tal Stay

Type 1 15% 10% 12.5+3.2

Type 2 12% 8% 14.0+4.1

Type 3 32% 25% 18.3+5.6

Type 4 17% 20% 16.8+£4.9

Type 5 29% 30% 20.1+6.4
DISCUSSION

Cardiorenal syndrome (CRS) represents a complex, bidirectional
interplay between cardiac and renal dysfunction, where injury to
one organ precipitates or exacerbates failure in the other. This
study provides critical insights into the clinical features, early
biochemical diagnosis, pathophysiology, and treatment strategies
for CRS, reinforcing the necessity of a multidisciplinary approach
to mitigate its high morbidity and mortality®. Our findings highlight
the prognostic value of novel biomarkers, the hemodynamic and
inflammatory mechanisms driving CRS progression, and the
impact of tailored therapeutic interventions in improving patient
outcomes.

Early Biomarker Diagnosis: NGAL and NT-proBNP as Key
Predictors

A pivotal finding of this study is the superior sensitivity of
neutrophil gelatinase-associated lipocalin (NGAL) and N-terminal
pro-B-type natriuretic peptide (NT-proBNP) in detecting CRS
before traditional markers like serum creatinine. NGAL, a tubular
injury biomarker, demonstrated a significant elevation (310 + 135
ng/mL in CRS vs. 45 + 20 ng/mL in controls; *p* < 0.001) as early
as 2 hours post-injury, preceding creatinine rise by 24-48 hours.
This aligns with prior research (Haase et al., 2023), where NGAL
levels >275 ng/mL predicted acute kidney injury (AKI) progression
with 92% sensitivity (AUC = 0.94). Similarly, NT-proBNP (>2500
pg/mL) effectively identified patients at risk of worsening cardiac
dysfunction, particularly in CRS types 1 and 2%. The combined
use of these biomarkers could revolutionize early CRS diagnosis,
allowing clinicians to intervene before irreversible organ damage
occurs.

Pathophysiological Mechanisms:
Neurohormonal, and Inflammatory Crosstalk

The pathophysiology of CRS involves a vicious cycle of
hemodynamic instability, neurohormonal activation, and systemic
inflammation. Our data support the "renal compartment syndrome"
hypothesis, where venous congestion (central venous pressure
>12 mmHg in 68% of patients) exacerbates renal injury by
increasing interstitial pressure and reducing glomerular filtration
rate (GFR). Neurohormonal dysregulation, particularly renin-
angiotensin-aldosterone system (RAAS) and sympathetic nervous
system (SNS) overactivation, further worsens renal perfusion
through excessive vasoconstriction®1©,

Inflammatory mediators play a crucial role, particularly in
CRS type 3, where sepsis or acute kidney injury triggers a cytokine
storm (elevated TNF-a, IL-6, IL-1B), leading to myocardial
suppression and pulmonary edema. This explains the highest
mortality (32%) observed in type 3 CRS, reinforcing the need for
aggressive anti-inflammatory therapies in such cases.

Treatment Strategies: Beyond Diuretics to Multimodal
Therapy

Current management of CRS remains challenging due to
diuretic resistance and the delicate balance between decongestion
and renal perfusion*?!®, Our study demonstrates that combination
therapy with loop diuretics and ACE inhibitors reduces mortality by
40% compared to diuretics alone, likely due to RAAS inhibition
mitigating further renal injury. However, in fluid-refractory cases,
early renal replacement therapy (RRT) is crucial. Biomarker-guided
RRT initiation (NGAL >300 ng/mL + oliguria) reduced ICU stays by
3.2 days (*p*= 0.01), supporting its integration into clinical
protocols.

Despite these advances, RRT still carries a high mortality
risk (38%), emphasizing the need for earlier intervention and

Hemodynamic,
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alternative strategies such as ultrafiltration in fluid-overloaded
patientst. Additionally, novel approaches targeting inflammation
(e.g., IL-6 inhibitors) and mitochondrial dysfunction (e.g.,
coenzyme Q10) warrant further investigation.

Our findings underscore the importance of:

Early Biomarker Utilization: Incorporating NGAL and NT-
proBNP into routine diagnostics to enable preemptive
management.Personalized Treatment: Tailoring therapy based on
CRS subtype—aggressive decongestion for type 1, RAAS
modulation for type 2, and anti-inflammatory strategies for type
3.Multidisciplinary Care: Integrating cardiology, nephrology, and
critical care teams to optimize outcomes.

Limitations of this study include its single-center design and
modest sample size. Future research should explore:Advanced
Biomarkers: Soluble urokinase plasminogen activator receptor
(suPAR) for fibrosis monitoring.Hemodynamic
Monitoring: Minimally invasive techniques like venous excess
ultrasound (VExUS) for real-time congestion assessment.Novel
Therapeutics: Targeted anti-inflammatory and mitochondrial-
protective agents.

CONCLUSION

This study confirms that NGAL and NT-proBNP are invaluable for
early CRS detection, with NGAL particularly predictive of AKI
progression. CRS type 3 carries the worst prognosis, necessitating
aggressive decongestion and anti-inflammatory  strategies.
A multidisciplinary approach, incorporating biomarker-guided
therapy and tailored interventions, significantly improves survival.
Future efforts should focus on translating these findings into
standardized protocols, especially in resource-limited settings
where CRS burden is high.

NGAL and NT-proBNP facilitate early CRS diagnosis, with
NGAL being pivotal for renal injury prediction. CRS type 3 carries
the worst prognosis, necessitating aggressive decongestion.
Multidisciplinary protocols integrating biomarker monitoring and
tailored diuretic/RRT strategies improve survival.
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