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ABSTRACT

BACKGROUND: Cardiorenal syndrome type 1 (CRS1) refers to the acute worsening of cardiac
function leading to acute kidney injury (AKI) and is commonly seen after an acute coronary
syndrome (ACS) or acute heart failure. It is associated with increased morbidity and mortality.
Understanding the clinical features and hemodynamic factors that predict CRS1 in ACS patients
is crucial in developing accurate risk prediction tools and facilitating early, targeted clinical
management.

AIMS AND OBJECTIVES: To determine the incidence of Cardiorenal syndrome type 1 in
patients presenting with acute coronary syndrome with heart failure and its association between
clinical features and echocardiographic findings.

METHODS: A single-centre, prospective observational study. The study evaluated 70 patients
admitted with ACS and heart failure. Patients with alternate causes of AKI, acute on chronic
kidney disease (CKD), or prior nephrotoxic drug use were excluded. Baseline clinical
characteristics, laboratory parameters and detailed echocardiographic parameters were recorded.
Statistical methods, including binary logistic regression and ROC curve analysis, were employed
to identify and quantify independent predictors of CRS1.
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RESULTS: Of the 70 patients 98.6% presented with an ST-Elevation Myocardial Infarction
(STEMI). CRSI1 developed in 67.1% of the cohort. Multivariable logistic regression revealed
that Right Ventricular Myocardial Infarction (RVMI) was the most powerful independent
predictor (OR=27.77, p=0.005), followed by LVEF < 40% (OR=14.04, p=0.024). ROC curve
analysis identified LVEF by Simpson’s method as the most robust predictor (AUC=0.72).
Diastolic markers— specifically Mitral E/e' ratio and E-deceleration time (EDT)—demonstrated
high predictive accuracy (both AUC=0.69), outperforming right-sided metrics like RVTAM
(AUC=0.58) and RV S§' velocity (AUC=0.50). Other univariable predictors included raised JVP,
diabetes mellitus, and anterior wall M1.

CONCLUSION: CRSI1 affects a substantial majority of patients with ACS and heart failure. The
findings validate a "dual-hit" pathophysiological paradigm where severe systemic venous
congestion and critical arterial underfilling act as simultaneous catalysts for AKI. The high
predictive value of LVEF and diastolic indices (E/e', EDT) highlights the urgent need for early
echocardiographic risk stratification to identify vulnerable patients and initiate aggressive
clinical management.

KEYWORDS: Acute Coronary Syndrome; Heart Failure; Cardiorenal syndrome-1; Right
Ventricular Myocardial Infarction.

Introduction

The heart and kidneys share a complex physiological relationship, wherein
dysfunction of one organ often precipitates dysfunction in the other. Cardiorenal syndrome
(CRS) represents this bidirectional interaction and is associated with high morbidity and
mortality [1, 2]. Cardiorenal syndrome type 1 (CRS1) is characterized by acute deterioration of
cardiac function leading to acute kidney injury (AKI). It is commonly observed following acute
coronary syndrome (ACS), acute heart failure, or cardiogenic shock [1, 3]. Despite advances in
reperfusion strategies, CRS1 remains a major determinant of adverse outcomes [4, 5].

Traditionally, reduced cardiac output was considered the primary driver of renal
dysfunction. However, emerging evidence highlights the role of venous congestion, elevated
central venous pressure, and diastolic dysfunction as critical contributors [6, 7, and 8].
Echocardiography offers a non-invasive means to evaluate both systolic and diastolic function,
making it an essential tool for early risk stratification [13, 14]. This study aims to identify
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clinical and echocardiographic predictors of CRS1 in ACS patients with heart failure, thereby
facilitating early diagnosis and targeted management.

METHODOLOGY

This study was designed as a single-center, prospective observational study
conducted over a period of 12 months at a tertiary care cardiac center. A total of 70 consecutive
patients admitted with acute coronary syndrome (ACS) complicated by heart failure were
enrolled after obtaining informed consent and institutional ethics approval. ACS and heart failure
were diagnosed based on clinical features and guideline-directed definitions [9, 10, and 11].
Patients aged >18 years were included, while those with pre-existing chronic kidney disease,
acute-on-chronic kidney injury, prior heart failure, valvular heart disease, malignancy, or
exposure to nephrotoxic drugs were excluded to minimize confounding factors influencing renal
outcomes. The sample size was calculated based on prior studies reporting an incidence of CRS1
of approximately 58%, ensuring adequate statistical power for predictive modeling [4].

Baseline clinical data, including demographic characteristics, cardiovascular
risk factors, hemodynamic parameters, and Killip classification, were recorded using a structured
proforma. Laboratory investigations included serial measurements of serum creatinine, estimated
glomerular filtration rate (eGFR), cardiac biomarkers, and urinary albumin. Cardiorenal
syndrome type 1 (CRS1) was defined according to the KDIGO criteria, as an increase in serum
creatinine >0.3 mg/dL within 48 hours or >1.5 times baseline [12]. Renal function was
reassessed at 48 hours to capture early AKI, which has been shown to correlate strongly with
adverse outcomes in ACS populations [5, 20].

Comprehensive transthoracic echocardiography was performed in all patients
using standardized protocols recommended by the American Society of Echocardiography and
the European Association of Cardiovascular Imaging [13]. Left ventricular ejection fraction
(LVEF) was assessed using Simpson’s biplane method, while diastolic function was evaluated
using transmitral inflow velocities (E/A ratio), tissue Doppler imaging (e’ velocity), and
calculation of the E/e’ ratio as a surrogate for left ventricular filling pressures [14, 17, and 18].
Right ventricular function was assessed using tricuspid annular motion parameters. Statistical
analysis was performed using Jamovi software, with continuous variables expressed as mean +
SD and categorical variables as percentages. Associations were tested using chi-square and
independent t-tests. Receiver operating characteristic (ROC) curve analysis was used to
determine predictive accuracy, univariable and multivariable logistic regression identified
independent predictors of CRS1. A p-value <0.05 was considered statistically significant.
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The study cohort consisted of 70 patients with a mean age of 60.3 &+ 9.0 years,
with a predominance of males (65.7%). The clinical presentation was overwhelmingly
dominated by STEMI (98.6%), reflecting a population with high ischemic burden. The overall
incidence of CRS1 was notably high at 67.1%, indicating a substantial burden of acute
cardiorenal interaction in this high-risk cohort. Baseline comorbidities were prevalent, with
hypertension (71.4%), dyslipidemia (60%), and diabetes mellitus (50%) being the most common.
Despite a high rate of revascularization (94.3%), a significant proportion of patients developed

CRSI1, highlighting that reperfusion alone does not prevent cardiorenal deterioration. (Tablel)

Table 1: Baseline characteristic

Total cases-70

Mean/Percentage

Age Mean

60.3+ 9.0 years

Sex Ratio/percentage

Male: 46 (65.7%)
Female: 24(34.3%)

BMI Normal: 41 (58.6%)
Overweight: (29 41.4%)

Diabetes Mellitus 35 (50%)

Hypertension 50 (71.4%)

Dyslipidemia 42 (60%)

Prior CAD 14 (20%)

Smoking 15 (21.4%)

Old CVA 7 (10%)

Pulse In Sinus rhythm-62(88.6%)

In Arrhythmia-8 (11.4%)

Blood pressure

SBP-126.5mmHg + 28.4
DBP-77.2mmHg + 14.7

JVP Normal-50 (71.4%)
Raised-20(28.6%)

NSTEMI:STEMI 1:69

AWMI+LWMI 30(42.8%)

IWMI excluding RVMI 21(30%)

IWMI+RVMI 19(27.1%)

Killip—Kimball Class

I -45(64.3%)
I -15(21.4%)
I -2 (2.9%)

IV -8(11.4%)

S.Creatinine (mg/dl) at admission

0.51 £0.1 (Range 0.33 - 0.8)

S. Creatinine (mg/dl) at 48h

1.37 = 0.53 (Range 0.53 - 2.23)

CRS —I incidence

47(67.1%)
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LVEF% (Simpsons) 42.7 + 6.2 (Range 30 — 54)
Mitral E/A Ratio 1.52 +£0.33 (Range 1.13 - 2.81)
Mitral E/e' Ratio 15.1 +3 (Range 7.5 - 22.5)

E deceleration time (EDT) 187.2 £ 22.5 (Range 145 — 236)
RVTAM 1.69 + 0.23 (Range 0.8 — 2)

RV Systolic S Velocity 0.12 £0.02 (Range 0.07 - 0.180)
Revascularization / No Revascularization | 66/4

In-Hospital MARCCE 15 (21.4%)

Clinical severity markers demonstrated strong associations with CRS1. Patients
presenting with cardiogenic shock exhibited a 100% incidence of CRSI1, while those with
elevated jugular venous pressure (JVP) had a significantly higher incidence (90% vs. 58%,
p=0.010). Similarly, diabetes mellitus and anterior wall myocardial infarction were associated
with increased CRSI risk. A graded relationship was observed with Killip class, where higher
classes (III and 1V) demonstrated near-universal CRS1 occurrence. Importantly, traditional risk
factors such as age, sex, hypertension, and dyslipidemia did not show significant associations,
suggesting that acute hemodynamic factors outweigh chronic risk profiles in determining renal
outcomes during ACS. The binary logistic regression model identifies key predictors of CRS 1,
showing that raised JVP showed an adjusted odds ratio (OR) of 9.29 (95% CI 1.17-138.61,
p=0.060), retaining borderline significance from univariable OR of 6.52 (95% CI 1.64-43.83,
p=0.019). Diabetes mellitus had an adjusted OR of 5.28 (95% CI 1.07-36.30, p=0.057), close to
significance following univariable OR of 3.37 (95% CI 1.20-10.25, p=0.025). AWMI had an
adjusted OR of 4.77 (95% CI 0.96-26.07, p=0.060), with univariable OR of 4.09 (95% CI 1.38-
14.07, p=0.016), while RVMI showed the strongest adjusted OR of 27.77 (95% CI 3.43-434.27,
p=0.005) from univariable OR of 5.95 (95% CI 1.49-40.08, p=0.026). LVEF less than 40% had
an adjusted OR of 14.04 (95% CI 1.76-193.11, p=0.024), confirming significant risk from
univariable OR of 6.52 (95% CI 1.64-43.83, p=0.019). This model highlights RVMI and reduced
LVEF as the most robust independent predictors of CRS 1 in acute coronary syndrome with
heart failure. (Table 2& Fig. 1)

Table 2: Binary logistic regression model for predictors of CRS1

CRS I incidence Odds Ratio Odds Ratio
(univariable) (multivariable)
JVP
Normal (50) 29(58%) 6.52 9.29
Raised (20) 18(90%) (1.64-43.83, p=0.019) | (1.17-138.61, p=0.060)
DM
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No (35) 19(54.3%) 3.37 5.28
Yes(35) 28(20%) (1.20-10.25, p=0.025) | (1.07-36.30, p=0.057)
AWMI+LWMI
No (40) 22(55%) 4.09 4.77
Yes (30) 25(83.3%) (1.38-14.07, p=0.016) (0.96-26.07, p=0.060)
IWMI+RVMI
No(51) 30(58.8%) 5.95 27.77
Yes(19) 17(89.5%) (1.49-40.08, p=0.026) | (3.43-434.27, p=0.005)
LVEF
>40% (51) 29(58.8%) 6.52 14.04
<40% (19) 18(90%) (1.64-43.83, p=0.019) | (1.76-193.11, p=0.024)
I
Over weight 0.07 (0.01-0.40, p=0.008) —a— :
|
JVP Normal -
|
Raised 9.29 (1.17-138.61, p=0.060) :»—-—4
|
DI No *
|
Yes  5.28(1.07-36.30, p=0.057) ?—|—<
|
AWMI No ‘
|
Yes 4.771(0.96-26.07, p=0.0860) '—.—4
|
RVMI No -
|
Yes 27.77 (3.43-43427, p=0.005) : ——
|
LVEF =40
’ 159
<40 14.04 (1.76-193.11, p=0.024) : 8 "
L

OR. 95% C|
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Fig.1: Forest plot-logistic regression analysis showing clinical predictors for CRS 1

Echocardiographic analysis revealed that patients who developed CRS1 had
significantly impaired systolic and diastolic function. Reduced LVEF (<40%) was strongly
associated with CRS1 (90% incidence, p=0.008). Tissue Doppler imaging demonstrated lower e’
velocities and higher E/e’' ratios, indicating elevated left ventricular filling pressures. ROC
analysis showed that LVEF had the highest predictive value (AUC 0.72), followed by E/e' ratio
and E deceleration time (AUC 0.69 each). Multivariable logistic regression identified right
ventricular myocardial infarction (RVMI) as the strongest independent predictor (OR 27.77,
p=0.005), followed by LVEF <40% (OR 14.04, p=0.024) (Table 3). Notably, all in-hospital and
follow-up major adverse renal and cardiovascular events (MARCCE) occurred exclusively in
patients who developed CRS1, underscoring its prognostic significance.

Table 3: Echocardiographic parameters in predicting Typel Cardiorenal

Syndrome (CRS) with ROC curve and AUC values.

PARAMETER AUC(PREDICTIVE VALUE)
LVEF%(Simpsons) 0.72
Mitral E/e' Ratio 0.69
E deceleration time(EDT) 0.69
Mitral S'(m/s) 0.68
e' (m/s) 0.67
Mitral E/A Ratio 0.61
RVTAM 0.58
Mitral E (m/s) 0.57
Mitral A(m/s) 0.54
RV Systolic S' Velocity 0.5
DISCUSSION
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This study highlights a remarkably high incidence of CRS1 (67.1%) in patients
presenting with ACS complicated by heart failure, emphasizing the critical interplay between
cardiac dysfunction and renal injury in acute settings. The findings support the evolving
paradigm that CRS1 is not solely a consequence of reduced cardiac output but rather a
multifactorial process involving both forward failure and venous congestion [1, 2]. While
reduced LVEF reflects impaired forward flow and diminished renal perfusion, the strong
association of elevated JVP and RVMI underscores the importance of backward failure and
increased central venous pressure as key drivers of renal dysfunction. These observations are
consistent with previous studies demonstrating that venous congestion is a stronger predictor of
worsening renal function than cardiac output alone [6, 7 and 8].

The identification of RVMI as the most powerful independent predictor provides
important mechanistic insight. Right ventricular dysfunction leads to elevated central venous
pressure, which is transmitted to the renal veins, resulting in increased interstitial pressure,
reduced glomerular filtration gradient, and subsequent AKI [15, 16]. This hemodynamic
mechanism explains the strong association between raised JVP and CRS1 observed in this study.
Additionally, the significant role of diabetes mellitus and elevated urinary albumin highlights the
contribution of pre-existing microvascular and endothelial dysfunction, which may reduce renal
reserve and increase susceptibility to acute injury [19].

Echocardiographic parameters emerged as valuable tools for early risk
stratification. Reduced LVEF and elevated E/e’ ratio were strong predictors of CRS1, reflecting
the combined effects of systolic dysfunction and elevated filling pressures. The E/e’ ratio, in
particular, serves as a reliable non-invasive surrogate for left ventricular filling pressure and has
been shown to correlate with pulmonary capillary wedge pressure and outcomes in heart failure
[17, 18]. The findings support a “dual-hit” hypothesis, where both decreased forward perfusion
and increased venous congestion synergistically contribute to renal injury [6, 7]. Importantly, the
observation that all adverse outcomes occurred exclusively in CRS1 patients underscores its role
as a critical prognostic marker. Previous studies have similarly demonstrated that AKI following
ACS is associated with increased mortality and adverse cardiovascular outcomes [5, 20]. Early
identification using echocardiography may therefore allow timely intervention, including
optimization of volume status, hemodynamics, and renal perfusion.

The predominance of STEMI cases may limit the applicability of the findings to
all ACS populations. The use of contrast agent during intervention and its contribution to kidney
injury is not considered in this study. Relatively short follow-up period in this may underestimate
long-term outcomes.
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Conclusion

CRS1 is highly prevalent in ACS with heart failure and strongly predicts adverse
outcomes. RVMI and reduced LVEF emerged as key independent predictors, supporting a dual
mechanism of reduced perfusion and venous congestion. Early echocardiographic assessment is
essential for risk stratification. Limitations include small sample size, single-center design,
STEMI predominance, and reliance on non-invasive hemodynamic measures, which may affect
generalizability.
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