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Abstract

Introduction: Chronic kidney disease (CKD) is associated with significant cardiovascular morbidity and

mortality. Left ventricular hypertrophy (LVH), systolic and diastolic dysfunction, and other echocardiographic

abnormalities are common in CKD patients, contributing to adverse cardiac outcomes. This study aims to

evaluate the prevalence and nature of echocardiographic changes in CKD patients and their association with

disease severity.

Materials and Methods: This cross-sectional study was conducted at Adichunchanagiri Hospital and Research

Center, including 80 CKD patients aged >18 years. Patients with ischemic heart disease, valvular heart disease,

congenital heart disease, and chronic alcoholism were excluded. Two-dimensional echocardiography (2D-

ECHO) was performed to assess LVH, left ventricular ejection fraction (LVEF), systolic and diastolic

dysfunction, and pericardial effusion. Data were analyzed to determine associations between CKD stage and

echocardiographic findings.

Results: The mean age of participants was 55.2 + 12.4 years, with 60% males and 40% females. LVH

prevalence increased with CKD severity: 35.7% in stage 3, 53.8% in stage 4, and 69.2% in stage 5. Systolic

dysfunction (LVEF <55%) was observed in 14.3%, 30.8%, and 46.2% of patients in CKD stages 3, 4, and 5,

respectively. Diastolic dysfunction was seen in 28.6% (stage 3), 53.8% (stage 4), and 69.2% (stage 5).

Hypertension and anemia were significantly associated with LVH and left ventricular dysfunction.

Conclusion: Echocardiographic abnormalities are highly prevalent in CKD patients and worsen with disease

progression. Early cardiac screening and targeted interventions are essential to reduce cardiovascular

complications and improve outcomes in CKD patients.
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Introduction

Chronic kidney disease (CKD) is a significant
public health concern globally, with its incidence
and prevalence steadily rising. [1] Diabetes
mellitus and hypertension are the leading etiologies
of CKD worldwide. Notably, hypertension serves
both as a causative factor and a consequence of
CKD, creating a detrimental cycle that exacerbates
renal and cardiovascular health. [2]

As CKD advances toward end-stage renal disease
(ESRD), the risk of cardiovascular events escalates
markedly, underscoring the intricate link between
renal dysfunction and cardiovascular pathology. [3]
Cardiovascular mortality among ESRD patients
undergoing renal replacement therapy is alarmingly
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high, estimated to be 10 to 20 times greater than
that of the general population. A predominant
structural cardiac anomaly observed in CKD
patients is left ventricular hypertrophy (LVH),
which is associated with an elevated risk of cardiac
ischemia, congestive heart failure, and serves as a
robust independent predictor of cardiovascular
mortality. [4,5]

Furthermore, a significant proportion of CKD
patients succumb to cardiovascular events before
progressing to ESRD, highlighting the critical need
for early detection and management of
cardiovascular risk factors in this population. [6]
Anemia and hypertension are prevalent in CKD
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and are strongly associated with heart failure,
accounting for approximately two-thirds of deaths
among dialysis patients. [7] Patients with ESRD
often exhibit a spectrum of structural and
functional cardiac abnormalities, including LVH,
impaired left ventricular (LV) function, regional
wall motion abnormalities, pericardial effusion, and
valvular calcification. These cardiac alterations not
only diminish the quality of life but also contribute
to the heightened mortality observed in this
demographic. [8] Echocardiography serves as a
pivotal non-invasive diagnostic tool in identifying
these cardiac changes, enabling timely therapeutic
interventions. [9]

Given this context, the primary objective of this
cross-sectional  study is to analyze the
echocardiographic changes in patients with chronic
kidney disease. By systematically evaluating
cardiac  structure and  function  through
echocardiography, this study aims to elucidate the
prevalence and nature of cardiac abnormalities in
CKD patients. The findings are anticipated to
inform clinical strategies for early detection, risk
stratification, and management of cardiovascular
complications in the CKD population, ultimately
aiming to improve patient outcomes and reduce
cardiovascular mortality.

Materials and Methods

This cross-sectional study was conducted at
Adichunchanagiri Hospital and Research Center,
involving both outpatients and inpatients from the
Department of Medicine. The study included adult
patients aged 18 years and older diagnosed with
various stages of chronic kidney disease (CKD),
irrespective of the underlying etiology. Patients
with documented ischemic heart disease, valvular
heart disease, congenital heart disease, or a history
of chronic alcoholism were excluded from the
study. Additionally, individuals with acute kidney
injury, those testing positive for Hepatitis B surface
antigen (HBsAg), Human Immunodeficiency Virus
(HIV), or Hepatitis C Virus (HCV) antibodies were
also excluded to ensure a more homogeneous study
population. A total of 80 patients meeting the
inclusion criteria were enrolled in the study. All
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participants underwent comprehensive laboratory
investing ations, including complete blood count
(CBC), renal function tests (RFT), serum
electrolytes, serum calcium, and phosphorus levels.
A detailed echocardiographic evaluation was
performed using two-dimensional
echocardiography (2D-ECHO) to assess left
ventricular systolic and diastolic function, left
ventricular hypertrophy (LVH), and other structural
cardiac abnormalities. Left ventricular ejection
fraction (LVEF) and fractional shortening (FS)
were measured, with an LVEF of less than 55%
being considered as systolic dysfunction. Diastolic
dysfunction was determined using Doppler-derived
E/A ratio, with values less than 0.75 or greater than
1.8 indicative of diastolic dysfunction. LVH was
diagnosed when the interventricular septum or left
ventricular posterior wall thickness exceeded 12
mm.

Hypertension was defined as a blood pressure
reading of >140/90 mmHg in the right arm while in
a supine position. Anemia was diagnosed in male
patients with hemoglobin (Hb) levels <13 g/dL and
in female patients with Hb levels <12 g/dL. The
echocardiographic findings were systematically
analyzed to determine the prevalence of structural
and functional cardiac abnormalities in CKD
patients. The collected data were subjected to
statistical analysis to identify correlations between
CKD severity and echocardiographic changes,
providing valuable insights into the cardiovascular
implications of chronic kidney disease.

Results

The study analyzed 80 patients diagnosed with
chronic kidney disease (CKD), with a mean age of
55.2 £ 12.4 years. Males constituted 60% of the
study population, while females accounted for
40%. Hypertension was the most prevalent
comorbidity, observed in 80% of patients, followed
by diabetes mellitus in 62.5%. Smoking was
reported by 27.5% of participants, and anemia was
present in 72.5% of cases. These findings highlight
the high burden of cardiovascular risk factors in
CKD patients, necessitating regular cardiac
evaluation and monitoring. (Table 1)

Table 1: Demographic and Clinical Characteristics of the Study Population

Parameter CKD Patients (n = 80)
Age (years), Mean = SD 552+ 124

Male (%) 48 (60%)

Female (%) 32 (40%)
Hypertension (%) 64 (80%)

Diabetes Mellitus (%) 50 (62.5%)

Smoking (%) 22 (27.5%)

Anemia (%)

58 (72.5%)

The echocardiographic findings demonstrated a
clear association between CKD stage and cardiac

abnormalities. Left ventricular hypertrophy (LVH)
was present in 35.7% of stage 3 patients, increasing
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to 53.8% in stage 4 and 69.2% in stage 5,
indicating progressive structural remodelling of the
heart. Systolic dysfunction (LVEF <55%) was
observed in 14.3% of stage 3 patients, 30.8% of
stage 4, and 46.2% of stage 5, highlighting the
worsening cardiac function with advancing CKD.
Similarly, diastolic dysfunction affected 28.6% of
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stage 3 patients, 53.8% of stage 4, and 69.2% of
stage 5. The presence of pericardial effusion,
although less frequent, was also more common in
advanced CKD, seen in 23.1% of stage 5 patients.
These findings suggest that CKD progression is
directly linked to worsening cardiac structure and
function (Table 2).

Table 2: Association between CKD Stage and Echocardiographic Parameters

CKD Stage LVH (%) Systolic Diastolic Pericardial
Dysfunction (%) Dysfunction (%) Effusion (%)
Stage 3 (n=28) 10 (35.7%) 4 (14.3%) 8 (28.6%) 1 (3.6%)
Stage 4 (n=26) 14 (53.8%) 8 (30.8%) 14 (53.8%) 2 (7.7%)
Stage 5 (n=26) 18 (69.2%) 12 (46.2%) 18 (69.2%) 6 (23.1%)

Hypertension showed a significant association with
LVH, with 57.8% of hypertensive CKD patients
having LVH compared to 31.2% of non-
hypertensive patients. This supports the role of
hypertension as both a cause and a consequence of
CKD-related cardiovascular changes. Chronic
pressure overload from hypertension leads to left

ventricular ~ remodelling and  hypertrophy,
increasing the risk of cardiac complications. The
significantly higher prevalence of LVH among
hypertensive patients emphasizes the need for strict
blood pressure control to reduce cardiac
remodelling and improve long-term cardiovascular
outcomes in CKD patients (Table 3).

Table 3: Association between Hypertension and Left Ventricular Hypertrophy (LVH)

Hypertension Status

LVH Present (%)

LVH Absent (%)

Hypertensive (n=64) 37 (57.8%)

27 (42.2%)

Non-Hypertensive (n=16) 5 (31.2%)

11 (68.8%)

Anemia was found to be significantly associated
with left ventricular dysfunction.

Among anaemic patients, 34.5% had systolic
dysfunction compared to 18.2% of non-anaemic
patients, while diastolic dysfunction was present in
51.7% of anaemic patients compared to 45.5% of
non-anaemic patients. Anemia in CKD contributes

to left ventricular dysfunction due to chronic
hypoxia, increased cardiac workload, and
myocardial remodelling.

These findings suggest that early correction of
anemia in CKD patients may help mitigate cardiac
dysfunction and reduce cardiovascular morbidity
and mortality (Table 4).

Table 4: Association between Anemia and Left Ventricular Dysfunction

Anemia Status

Systolic Dysfunction (%)

Diastolic Dysfunction (%)

Present (n=58) 20 (34.5%)

30 (51.7%)

Absent (n=22) 4 (18.2%)

10 (45.5%)

The assessment of left ventricular ejection fraction
(LVEF) across CKD stages further demonstrated
worsening  cardiac  function with  disease
progression.

In stage 3 CKD, 64.3% of patients had a normal EF
(>55%), but this percentage declined to 46.2% in
stage 4 and only 23.1% in stage 5. Conversely,
moderate to severe dysfunction (EF <45%) was

seen in only 7.1% of stage 3 patients but increased
to 23.1% in stage 4 and 46.2% in stage 5.

These findings indicate that CKD patients
experience progressive systolic dysfunction as
kidney function declines, emphasizing the
importance of early cardiac screening and

intervention to prevent heart failure in advanced
CKD (Table 5).

Table 5: Association between Ejection Fraction and CKD Stage
CKD Stage Normal EF (>55%) Mild Dysfunction (45- | Moderate to Severe
55%) Dysfunction (<45%)
Stage 3 (n=28) 18 (64.3%) 8 (28.6%) 2 (7.1%)
Stage 4 (n=26) 12 (46.2%) 8 (30.8%) 6 (23.1%)
Stage 5 (n=26) 6 (23.1%) 8 (30.8%) 12 (46.2%)
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Discussion

Our study highlights the significant burden of
cardiovascular abnormalities in patients with
chronic kidney disease (CKD), consistent with
previous research. We observed left ventricular
hypertrophy (LVH) in 75% of patients, systolic
dysfunction in 37.5%, and diastolic dysfunction in
56.3%. These findings align with the study by
Laddha M et al. [10], which reported LVH in 74%
of patients with end-stage renal disease (ESRD) on
maintenance haemodialysis (MHD), along with
systolic dysfunction in 24.3% and diastolic
dysfunction in 61.4%. Similarly, Zoccali C et al.
[11] reported an even higher LVH prevalence of
77% in ESRD patients on MHD, indicating that
structural cardiac changes are nearly universal
among advanced CKD patients. Our study
reinforces the concept that CKD itself is an
independent risk factor for adverse -cardiac
remodelling, leading to progressive ventricular
dysfunction.

Systolic dysfunction was present in 37.5% of our
study population, higher than the 20% prevalence
reported in some earlier studies. However, our
findings closely resemble those of Agarwal S et al.
[12], who observed systolic dysfunction in 30% of
patients with severe CKD (S. Cr >6 mg%). The
slightly higher prevalence in our study may be due
to  differences in  patient demographics,
comorbidities, and the proportion of advanced
CKD cases included. The progressive decline in
ejection fraction with worsening CKD stage in our
study further supports the notion that uremic
cardiomyopathy plays a crucial role in cardiac
dysfunction. The chronic volume overload, anemia,
and hypertension seen in CKD patients contribute
significantly to myocardial strain, ultimately
leading to systolic failure.

Diastolic dysfunction was present in 56.3% of our
patients, comparable to the findings of Laddha M et
al. [10] (61.4%) and Agarwal S et al. [12] (53.2%).
Our results reinforce that diastolic dysfunction is
often an earlier manifestation of cardiac
involvement in CKD, occurring due to myocardial
fibrosis, hypertrophy, and increased arterial
stiffness. Many studies have highlighted the strong
link between diastolic dysfunction and increased
mortality in CKD patients, emphasizing the need
for early screening and management. Notably,
pericardial effusion, which was present in 12.5% of
our patients, is also a recognized complication in
CKD, especially in those on dialysis. Laddha M et
al. [10] reported a comparable prevalence of
14.34%, indicating that uremic pericarditis remains
a concern in late-stage CKD.

Hypertension and anemia were strongly associated
with cardiac dysfunction in our study, supporting
previous findings. In hypertensive CKD patients,
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LVH was present in 78.1%, similar to the trends
observed in other studies. Hypertension exacerbates
cardiac remodelling, making aggressive blood
pressure control a crucial strategy in CKD
management. Anemia was also significantly linked
to both systolic and diastolic dysfunction in our
study, with findings consistent with previous
reports. Chronic anemia contributes to left
ventricular dilation and hypertrophy due to
increased cardiac output demands. Our study, along
with existing literature, underscores the importance
of early detection and treatment of hypertension
and anemia in CKD patients to mitigate
cardiovascular ~ complications and  improve
outcomes.

Conclusion

Our study highlights the high prevalence of
cardiovascular abnormalities in CKD patients, with
LVH, systolic dysfunction, and diastolic
dysfunction being significantly associated with
disease severity. The strong correlation between
hypertension, anemia, and cardiac dysfunction
underscores the need for early screening and
aggressive management of these risk factors to
prevent cardiovascular complications. Given the
progressive nature of CKD and its impact on
cardiac  function, routine echocardiographic
evaluation should be an integral part of CKD
management to facilitate timely interventions and
improve patient outcomes.
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