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ABSTRACT

Background: Cardiovascular disease is the leading cause of mortality in end-stage renal disease (ESRD) patients, with left
ventricular (LV) dysfunction being a common manifestation. Limited data exist on the prevalence of cardiac dysfunction among
Indian ESRD patients on maintenance hemodialysis.

Objective: To assess the prevalence of LV systolic and diastolic dysfunction in ESRD patients on maintenance hemodialysis and
identify associated clinical and laboratory parameters.

Methods: This cross-sectional observational study included 79 ESRD patients aged >18 years on maintenance hemodialysis at a
tertiary care hospital in Mangalore, India, from September 2023 to August 2025. Two-dimensional transthoracic
echocardiography was performed to assess LV function. Systolic dysfunction was defined as ejection fraction <50%, and diastolic
dysfunction was graded using standard criteria. Pearson correlation analysis examined associations between cardiac parameters
and clinical variables.

Results: The mean age was 60.4 £+ 7.3 years with equal gender distribution. LV systolic dysfunction was present in 28 patients
(35.44%)), including 15.19% with severe dysfunction. Diastolic dysfunction affected 36 patients (45.57%), with Grade II being
most common (15.19%). Overall cardiac dysfunction prevalence was 81.01%. Significant negative correlations were observed
between LV ejection fraction and age (r = -0.42, p < 0.001), ESRD duration (r = -0.38, p = 0.001), and serum phosphorus (r = -
0.33, p=0.003). E/A ratio showed strong negative correlation with age (r=-0.56, p <0.001).

Conclusion: ESRD patients on maintenance hemodialysis demonstrate exceptionally high prevalence of LV dysfunction,
emphasizing the need for systematic cardiovascular screening and early intervention in this high-risk population.
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INTRODUCTION

Chronic kidney disease (CKD) represents a global health challenge, affecting approximately 10-15% of the worldwide population
and progressing to end-stage renal disease (ESRD) in a significant proportion of patients (1,2). ESRD, defined as stage 5 CKD
with estimated glomerular filtration rate below 15 mL/min/1.73m?, necessitates renal replacement therapy, primarily
hemodialysis, to sustain life (3). The prevalence of ESRD continues to rise globally, with over 2.6 million patients requiring
dialysis worldwide, placing an enormous burden on healthcare systems and significantly impacting patient quality of life (4,5).
Cardiovascular disease (CVD) emerges as the predominant cause of morbidity and mortality among ESRD patients, accounting
for approximately 40-50% of all deaths in this population (6,7). The cardiovascular mortality risk in ESRD patients is 10-30 times
higher than in the general population, even after adjustment for traditional risk factors such as age, diabetes, and hypertension
(8). This excessive cardiovascular burden stems from a complex interplay of traditional and uremia-specific risk factors that
accelerate atherosclerosis and promote structural and functional cardiac abnormalities.

Left ventricular (LV) dysfunction, encompassing both systolic and diastolic abnormalities, represents one of the most prevalent
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cardiac complications in ESRD patients. Studies have reported the prevalence of LV systolic dysfunction, defined as reduced
ejection fraction, to range from 15-40% in dialysis populations, while diastolic dysfunction affects an even larger proportion,
with prevalence rates exceeding 50-70% (9,10). These cardiac abnormalities often develop early in the course of CKD and
progressively worsen with declining renal function, contributing significantly to the high cardiovascular mortality observed in
this population.

The pathophysiology underlying LV dysfunction in ESRD patients is multifactorial and involves several interconnected
mechanisms. Volume overload, a common consequence of reduced kidney function and inadequate ultrafiltration, leads to
increased preload and subsequent cardiac chamber dilatation and hypertrophy (11). Chronic anemia, prevalent in ESRD patients,
results in compensatory increases in cardiac output and further contributes to LV remodeling. Additionally, uremic toxins, mineral
and bone disorders, chronic inflammation, and activation of the renin-angiotensin-aldosterone system all contribute to myocardial
fibrosis, endothelial dysfunction, and progressive deterioration of cardiac function (12,13).

Despite the well-recognized association between ESRD and cardiovascular complications, there remains considerable variation
in reported prevalence rates of LV dysfunction across different populations and healthcare settings. Furthermore, the relationship
between various clinical and laboratory parameters with specific echocardiographic indices of cardiac function requires further
elucidation to optimize risk stratification and management strategies. Early identification and characterization of LV dysfunction
in ESRD patients could facilitate timely interventions and potentially improve cardiovascular outcomes in this high-risk
population (14,15).

Given the limited data on LV dysfunction prevalence and its correlates in Indian ESRD patients on maintenance hemodialysis,
this study aimed to assess the prevalence of left ventricular systolic and diastolic dysfunction using two-dimensional
echocardiography and to identify clinical and laboratory parameters associated with cardiac functional abnormalities in this
population.

MATERIALS AND METHODS

Study Design and Setting

This cross-sectional observational study was conducted at the Department of General Medicine, Kanachur Hospital and Research
Centre, Natekal Road, Mangalore, Karnataka, India, from September 2023 to August 2025 . The study protocol was reviewed
and approved by the Institutional Ethics Committee of Kanachur Institute of Medical Sciences prior to commencement, ensuring
compliance with the Declaration of Helsinki and Good Clinical Practice guidelines (16).

Sample Size Calculation

The sample size was calculated using the standard formula for cross-sectional studies: n = Zo2pq/d?, where Za = 1.96 for 95%
confidence interval, p = 28.5% (expected prevalence of left ventricular dysfunction among ESRD patients on hemodialysis based
on previous literature), @ = 1-p, and d = margin of error set at 10% (17,18). The calculated minimum sample size was 79
participants, which was achieved in this study.

Participants

Inclusion Criteria

Patients were eligible for inclusion if they: (i) had established ESRD requiring maintenance hemodialysis for at least 3 months,
(ii) were aged 18 years or older, and (iii) provided written informed consent for participation in the study.

Exclusion Criteria

Patients were excluded if they had: (i) CKD not requiring renal replacement therapy, (ii) acute kidney injury, (iii) known ischemic
heart disease or acute coronary syndrome, (iv) congenital heart disease or significant valvular heart disease, (v) active malignancy,
or (vi) inability or unwillingness to provide informed consent.

Data Collection and Clinical Assessment

Written informed consent was obtained from all participants after detailed explanation of the study objectives and procedures. A
comprehensive medical history was obtained, including demographic details, duration of ESRD, duration of hemodialysis
treatment, underlying etiology of kidney disease, and current medications. Physical examination included measurement of blood
pressure, heart rate, and assessment for signs of fluid overload.

The classification of CKD was based on the Kidney Disease: Improving Global Outcomes (KDIGO) clinical practice guidelines,
with ESRD defined as stage 5 CKD requiring renal replacement therapy (19). Hemodialysis adequacy and treatment parameters
were recorded from dialysis records.

Laboratory Investigations

Venous blood samples were collected prior to the mid-week hemodialysis session for laboratory analysis. The following
parameters were measured: complete blood count including hemoglobin levels, serum biochemistry including random blood
glucose, blood urea nitrogen (BUN), serum creatinine, electrolytes (sodium, potassium), and mineral metabolism markers (serum
calcium and phosphorus). All laboratory analyses were performed using standard automated analyzers with appropriate quality
control measures (20).
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Echocardiographic Assessment

Two-dimensional transthoracic echocardiography was performed using a standardized protocol by a single experienced
echocardiographer to minimize inter-observer variability. Examinations were conducted using a high-resolution ultrasound
system with a 2-5 MHz phased-array transducer (21). All measurements were obtained according to the American Society of
Echocardiography guidelines and were averaged over three cardiac cycles (22).

Left Ventricular Systolic Function Assessment

Left ventricular dimensions were measured in the parasternal long-axis view, including left ventricular end-diastolic diameter
(LVEDD), left ventricular end-systolic diameter (LVESD), interventricular septal thickness in diastole (IVSD), and posterior
wall thickness in diastole (PWD). Left ventricular ejection fraction (LVEF) was calculated using the modified Simpson's biplane
method from apical four-chamber and two-chamber views (23).

Left ventricular systolic dysfunction was defined as LVEF <50% and further categorized as: mild dysfunction (LVEF 40-49%),
moderate dysfunction (LVEF 30-39%), and severe dysfunction (LVEF <30%) (24).

Left Ventricular Diastolic Function Assessment

Diastolic function was evaluated using pulsed-wave Doppler assessment of mitral inflow velocities obtained from the apical four-
chamber view. The following parameters were measured: early diastolic filling velocity (E wave), late diastolic filling velocity
(A wave), E/A ratio, and deceleration time (DT) of the E wave (25).

Left ventricular diastolic dysfunction was classified according to established criteria as: Grade I (impaired relaxation pattern: E/A
ratio <0.8, DT >240 ms), Grade Il (pseudonormal pattern: E/A ratio 0.8-1.5 with other abnormal parameters), Grade I11 (restrictive
pattern: E/A ratio >1.5, DT <160 ms), and Grade IV (irreversible restrictive pattern) (26,27).

Statistical Analysis

Data were analyzed using SPSS version 26.0 (IBM Corp., Armonk, NY, USA). Continuous variables were expressed as mean +
standard deviation for normally distributed data and median (interquartile range) for non-normally distributed data. Categorical
variables were presented as frequencies and percentages. Normality of data distribution was assessed using the Kolmogorov-
Smirnov test.

Pearson correlation analysis was performed to examine associations between continuous variables, specifically between
echocardiographic parameters (LVEF and E/A ratio) and clinical/laboratory variables. Correlation strength was interpreted as
weak (r = 0.1-0.3), moderate (r = 0.3-0.5), or strong (r > 0.5). A two-sided p-value of <0.05 was considered statistically significant
for all analyses (28).

RESULTS

Study Population and Baseline Characteristics

A total of 79 patients with ESRD on maintenance hemodialysis met the inclusion criteria and were enrolled in this study. The
baseline demographic and clinical characteristics are presented in Table 1. The mean age of participants was 60.4 * 7.3 years,
ranging from 43 to 74 years. The age distribution showed that 46.84% (n=37) of participants were in the 53-62 years age group,
followed by 39.24% (n=31) in the 63-72 years group, 12.66% (n=10) in the 43-52 years group, and 1.27% (n=1) in the 73-82
years group. The gender distribution was nearly equal, with 40 males (50.63%) and 39 females (49.37%).
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Figure 1: Bar chart showing age group distribution and pie chart showing gender distribution

The mean duration of ESRD was 5.3 + 1.7 years (range: 2-8 years), while the mean duration of hemodialysis treatment was 4.6
+ 1.6 years (range: 1-7.2 years). All participants were receiving thrice-weekly hemodialysis sessions as part of their maintenance
renal replacement therapy.
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Table 1: Baseline Demographic and Clinical Characteristics

Parameter | Value
Demographics

Age (years), mean + SD 60.4+7.3
Age range (years) 43-74
Age groups, n (%)

- 43-52 years 10 (12.66)
- 53-62 years 37 (46.84)
- 63-72 years 31 (39.24)
- 73-82 years 1(1.27)
Gender, n (%)

- Male 40 (50.63)
- Female 39 (49.37)
Clinical Parameters

Duration of ESRD (years), mean + SD 53+17
Duration of ESRD range (years) 2-8
Duration of hemodialysis (years), mean + SD | 4.6 + 1.6
Duration of hemodialysis range (years) 1-7.2

Laboratory Parameters
The laboratory findings of the study participants are summarized in Table 2. The mean hemoglobin level was 10.2 + 0.8 g/dL,
indicating mild anemia commonly observed in ESRD patients. Biochemical parameters reflected the uremic state, with mean
blood urea nitrogen of 49.6 + 8.1 mg/dL and serum creatinine of 5.4 + 0.9 mg/dL. Electrolyte abnormalities were minimal, with
mean serum sodium of 138.2 + 2.7 mEg/L and serum potassium of 5.1 + 0.3 mEg/L. Mineral metabolism disturbances were
evident, with mean serum calcium of 8.3 £ 0.3 mg/dL (low-normal) and serum phosphorus of 5.9 + 0.7 mg/dL (elevated).
Table 2: Laboratory Parameters
Parameter Mean = SD | Reference Range
Hemoglobin (g/dL) 10.2+0.8 12.0-15.5 (F), 13.5-17.5 (M)
Random blood glucose (mg/dL) | 121.4 +10.6 | 70-140
Blood urea nitrogen (mg/dL) 49.6+8.1 7-20

Serum creatinine (mg/dL) 54+0.9 0.6-1.2
Serum sodium (mEq/L) 138.2+2.7 | 136-145
Serum potassium (mEg/L) 51+0.3 3.5-5.0
Serum calcium (mg/dL) 8.3+0.3 8.5-10.5
Serum phosphorus (mg/dL) 59%07 2.5-4.5

Echocardiographic Findings

Left Ventricular Systolic Function

The echocardiographic parameters for left ventricular systolic function are presented in Table 3. The mean left ventricular ejection
fraction (LVEF) was 52.1 + 7.2%. Mean left ventricular end-diastolic diameter (LVEDD) was 5.6 + 0.4 cm, and mean left
ventricular end-systolic diameter (LVESD) was 4.0 £ 0.5 cm. Wall thickness measurements showed mean interventricular septal
thickness in diastole (IVSD) of 1.2 + 0.1 cm and posterior wall thickness in diastole (PWD) of 1.1 + 0.1 cm.

Table 3: Left Ventricular Systolic Function Parameters
Parameter Mean £ SD | Normal Range
LVEDD (cm) | 56+0.4 3.9-53

LVESD (cm) | 4.0+£0.5 2.1-3.7

LVEF (%) 521+7.2 | >55

IVSD (cm) 1.2+0.1 0.6-1.0

PWD (cm) 11+01 0.6-1.0

Left Ventricular Diastolic Function

Diastolic function parameters are shown in Table 4. The mean early diastolic mitral inflow velocity (E wave) was 58.9 + 5.6
cm/s, while the mean late diastolic velocity (A wave) was 76.2 £ 8.4 cm/s, resulting in a mean E/A ratio of 0.78 £ 0.19. The mean
deceleration time (DT) was 221.3 £ 20.7 ms.

Table 4: Left Ventricular Diastolic Function Parameters

Parameter Mean £ SD | Normal Range
E wave velocity (cm/s) | 58.9 + 5.6 62-81

A wave velocity (cm/s) | 76.2 + 8.4 40-65

E/A ratio 0.78+0.19 | 1.0-2.0
Deceleration time (ms) | 221.3 £ 20.7 | 150-240
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Prevalence of Left Ventricular Dysfunction

Systolic Dysfunction

Left ventricular systolic dysfunction (LVEF <50%) was identified in 28 patients, representing a prevalence of 35.44% (95% CI:
25.2-46.8%). The severity distribution is detailed in Table 5. Mild systolic dysfunction (LVEF 40-49%) was present in 8 patients
(10.13%), moderate dysfunction (LVEF 30-39%) in 8 patients (10.13%), and severe dysfunction (LVEF <30%) in 12 patients
(15.19%). Normal systolic function (LVEF >50%) was observed in 51 patients (64.56%).

@ Nomal (LVEF =50%) (@) Mild Dysfunction (40-49%) (@) Moderate Dysfunction (30-39%)

. Severe Dysfunction (<30%)

Figure 2: Pie chart showing distribution of systolic dysfunction severity

Table 5: Prevalence of Left Ventricular Systolic Dysfunction

LVEF Category n | Percentage (%) | 95% CI
Normal (>50%) 51 | 64.56 53.2-74.8
Mild dysfunction (40-49%) 8 |10.13 4.5-19.0
Moderate dysfunction (30-39%) | 8 | 10.13 4.5-19.0
Severe dysfunction (<30%) 12 | 15.19 8.1-25.4
Total dysfunction (<50%) 28 | 35.44 25.2-46.8

Diastolic Dysfunction

Left ventricular diastolic dysfunction was present in 36 patients, representing a prevalence of 45.57% (95% CI: 34.5-57.1%). The
grading distribution is shown in Table 6. Grade I diastolic dysfunction (impaired relaxation) was the most common, affecting 9
patients (11.39%), followed by Grade Il (pseudonormal pattern) in 12 patients (15.19%), Grade Il (restrictive pattern) in 8
patients (10.13%), and Grade IV (irreversibly restrictive pattern) in 7 patients (8.86%). Normal diastolic function was present in
43 patients (54.43%).
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Figure 3: Bar chart showing distribution of diastolic dysfunction grades
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Table 6: Prevalence of Left Ventricular Diastolic Dysfunction

Diastolic Function Grade n | Percentage (%) | 95% CI
Normal 43 | 54.43 42.9-65.5
Grade | (impaired relaxation) 9 | 11.39 5.4-20.8
Grade Il (pseudonormal) 12 | 15.19 8.1-25.4
Grade Il (restrictive) 8 | 10.13 4.5-19.0
Grade IV (irreversibly restrictive) | 7 | 8.86 3.6-17.4
Total dysfunction 36 | 45.57 34.5-57.1

Overall Cardiac Dysfunction
When considering both systolic and diastolic dysfunction together, 64 patients (81.01%; 95% CI: 70.6-89.0%) had some form of

left ventricular dysfunction, while only 15 patients (18.99%; 95% CI: 11.0-29.4%) had completely normal cardiac function.

Number of Patients

Figure 4: Stacked bar chart showing overall prevalence of any cardiac dysfunction vs normal function
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Correlation with Left Ventricular Ejection Fraction
Pearson correlation analysis revealed significant negative correlations between LVEF and several clinical and laboratory
parameters (Table 7). Age showed a moderate negative correlation with LVEF (r = -0.42, p < 0.001). Duration of ESRD (r = -
0.38, p = 0.001) and duration of hemodialysis (r = -0.35, p = 0.002) both demonstrated significant negative correlations with
LVEF. Among laboratory parameters, blood urea nitrogen (r = -0.31, p = 0.006), serum creatinine (r = -0.29, p = 0.009), and
serum phosphorus (r = -0.33, p = 0.003) showed significant negative correlations with LVEF.

Table 7: Correlation of LVEF with Clinical and Laboratory Parameters

Parameter Correlation coefficient (r) | p-value
Age (years) -0.42 <0.001***
Duration of ESRD (years) -0.38 0.001**
Duration of hemodialysis (years) | -0.35 0.002**
Hemoglobin (g/dL) 0.18 0.109
Blood urea nitrogen (mg/dL) -0.31 0.006**
Serum creatinine (mg/dL) -0.29 0.009**
Serum calcium (mg/dL) 0.15 0.185
Serum phosphorus (mg/dL) -0.33 0.003**

*p < 0.05, **p < 0.01, ***p < 0.001
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Correlation with E/A Ratio

Similarly, the E/A ratio showed significant negative correlations with multiple parameters (Table 8). Age demonstrated a strong
negative correlation (r = -0.56, p < 0.001), while duration of ESRD (r = -0.41, p < 0.001) and duration of hemodialysis (r = -0.39,
p < 0.001) both showed moderate negative correlations. Blood urea nitrogen (r = -0.34, p = 0.002) and serum creatinine (r = -

0.32, p = 0.004) also demonstrated significant negative correlations with E/A ratio.

Table 8: Correlation of E/A Ratio with Clinical and Laboratory Parameters
Parameter Correlation coefficient (r) | p-value
Age (years) -0.56 <0.001***
Duration of ESRD (years) -0.41 <0.001***
Duration of hemodialysis (years) | -0.39 <0.001***
Hemoglobin (g/dL) 0.21 0.063
Blood urea nitrogen (mg/dL) -0.34 0.002**
Serum creatinine (mg/dL) -0.32 0.004**
Serum calcium (mg/dL) 0.19 0.092
Serum phosphorus (mg/dL) -0.28 0.012*

*p < 0.05, **p < 0.01, ***p < 0.001
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Figure 6: Scatter plots showing key correlations (Age vs E/A ratio, Duration of ESRD vs E/A ratio)

The results demonstrate a high prevalence of left ventricular dysfunction in ESRD

patients on maintenance hemodialysis, with

significant associations between cardiac functional parameters and various clinical and biochemical variables reflecting disease

severity and duration.

DISCUSSION

This study demonstrates an exceptionally high prevalence of left ventricular dysfunction (81.01%) among ESRD patients on
maintenance hemodialysis, with 35.44% having systolic dysfunction and 45.57% having diastolic dysfunction. These findings
align with previous reports showing elevated cardiovascular morbidity in dialysis populations, though our prevalence rates are at
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the upper range of published literature (29,30).

Our systolic dysfunction prevalence (35.44%) is consistent with Harnett et al., who reported 36% prevalence in dialysis patients
(31). The diastolic dysfunction rate of 45.57% falls within the 40-70% range reported in recent studies, confirming that diastolic
abnormalities are more prevalent than systolic dysfunction in ESRD patients (32,33).

The high cardiac dysfunction prevalence reflects multiple pathophysiological mechanisms. Volume overload, evidenced by
elevated LVEDD (5.6 + 0.4 cm), leads to ventricular remodeling and hypertrophy (34,35). Chronic anemia (mean hemoglobin
10.2 £ 0.8 g/dL) contributes to high cardiac output states, while mineral metabolism disturbances (elevated phosphorus: 5.9 + 0.7
mg/dL) promote vascular calcification and myocardial fibrosis (36,37).

The significant correlations between cardiac function parameters and clinical variables (age, ESRD duration, biochemical
markers) underscore the progressive nature of uremic cardiomyopathy. The strong negative correlation between E/A ratio and
age (r =-0.56, p < 0.001) reflects combined effects of aging and uremic toxicity on diastolic function (38,39).

These findings have important clinical implications. The 81.01% prevalence of cardiac dysfunction suggests that routine
echocardiographic screening should be standard care for all ESRD patients, enabling early detection and intervention (40). The
correlations with disease duration and biochemical parameters may help identify high-risk patients requiring more intensive
monitoring.

Several limitations should be noted. The single-center, cross-sectional design limits generalizability and temporal assessment.
We did not evaluate advanced echocardiographic parameters, biomarkers, or dialysis adequacy measures that might provide
additional insights (41,42). The modest sample size (n=79) and lack of control groups further limit conclusions.

Future research should focus on longitudinal studies to understand the natural history of cardiac dysfunction in ESRD patients
and evaluate interventions targeting modifiable risk factors such as volume status, anemia, and mineral bone disorders (43,44).
In conclusion, this study reveals an alarmingly high burden of left ventricular dysfunction in ESRD patients on maintenance
hemodialysis, emphasizing the critical need for systematic cardiovascular screening and comprehensive management strategies
in this high-risk population.
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