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ABSTRACT

Background: Beta-thalassemia major is a hereditary blood disorder requiring lifelong blood transfusions, which lead to iron
overload and associated complications, particularly cardiac dysfunction. Myocardial iron deposition is a significant cause of
morbidity and mortality in these patients, often resulting in structural and functional cardiac abnormalities. Echocardiography
is a crucial non-invasive tool for early detection of cardiac changes, allowing timely intervention. Understanding the
relationship between serum ferritin levels and cardiac parameters can help optimize management strategies for affected
individuals.

Objective

This study aimed to evaluate the structural and functional cardiac changes in children with beta-thalassemia major and examine
the association between these changes and serum ferritin levels.

Methods: A cross-sectional study was conducted over six months at the Department of Cardiology, Pakistan Institute of
Medical Sciences (PIMS), Islamabad. A total of 85 children aged 2—14 years with a confirmed diagnosis of beta-thalassemia
major and a history of more than ten packed red blood cell transfusions were included. Demographic, clinical, and
hematological data were collected, along with echocardiographic assessments of left ventricular end-diastolic diameter
(LVEDD), left ventricular end-systolic diameter (LVESD), left ventricular ejection fraction (LVEF), and the E/A ratio. Serum
ferritin levels were measured, and statistical analysis was performed using SPSS version 26, with a significance threshold of p
<0.05.

Results: The mean hemoglobin level was 8.5 + 1.2 g/dL, while serum ferritin averaged 2500 + 850 ng/mL, indicating severe
iron overload. Echocardiographic parameters showed a mean LVEDD of 42.3 + 3.5 mm, LVESD of 28.1 + 2.7 mm, and LVEF
of 56.8 + 6.5%. Patients with ferritin levels >2500 pg/L had significantly larger LVEDD (44.5 £+ 3.2 mm vs. 40.1 + 3.0 mm, p
= (.05), LVESD (30.2 + 2.5 mm vs. 26.0 = 2.4 mm, p = 0.01), and lower LVEF (54.0 &= 5.8% vs. 59.6 + 5.2%, p = 0.03).
Positive correlations were found between ferritin and LVESD (r = +0.50), while an inverse correlation was observed with
LVEEF (r = -0.48). No significant difference in the E/A ratio was noted (p = 0.15).

Conclusion: The findings indicate that children with beta-thalassemia major experience significant cardiac structural changes,
with increased LVEDD, LVESD, and reduced LVEF closely linked to elevated serum ferritin levels. These results highlight
the detrimental effects of iron overload on cardiac performance, emphasizing the need for more effective chelation therapy and
cardiac monitoring strategies to prevent early myocardial dysfunction.

Keywords: Beta-Thalassemia Major, Cardiac Function, Echocardiography, Iron Overload, Left Ventricular Dysfunction,
Serum Ferritin, Transfusion-Related Complications.
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INTRODUCTION

Beta-thalassemia major is a hereditary hematological disorder characterized by defective beta-globin chain synthesis, resulting in severe
anemia, growth retardation, expanded bone marrow activity, splenomegaly, and increased iron absorption. The condition necessitates
lifelong blood transfusions, which, while essential for survival, contribute to progressive iron overload and associated complications,
particularly cardiac dysfunction. Despite significant advancements in chelation therapy, cardiovascular disease remains the leading cause
of morbidity and mortality in patients with beta-thalassemia major, underscoring the need for ongoing research into the cardiac
manifestations of the disease (1,2,3). Globally, beta-thalassemia represents a significant health burden, with approximately 60,000—
70,000 affected births annually, predominantly in the Mediterranean, Middle East, South Asia, and Southeast Asia (4). Pakistan, in
particular, bears a high prevalence, with an estimated 5-7% of the population carrying the beta-thalassemia trait and over 5,000 new
cases diagnosed annually (5). Given this considerable disease burden, understanding the long-term complications, particularly cardiac
abnormalities, is critical to optimizing management strategies and improving patient outcomes.

Cardiac involvement in beta-thalassemia major is complex, arising from iron deposition in myocardial tissue and independent
pathophysiological mechanisms. Iron overload cardiomyopathy is characterized by progressive ventricular dysfunction, arrhythmias,
and heart failure, driven by toxic iron accumulation within cardiomyocytes. Structural and hemodynamic alterations can be identified
using echocardiographic parameters, which have been instrumental in detecting subclinical cardiac dysfunction in thalassemia patients
(6,7). Studies have reported significant deviations in left ventricular dimensions and ejection fraction in affected individuals, such as
left ventricular end-diastolic diameter (LVEDD) of 38.1444.59 mm, left ventricular end-systolic diameter (LVESD) of 25.1343.45 mm,
and left ventricular ejection fraction (LVEF) of 66.34+3.82%, highlighting early myocardial remodeling (8). Moreover, diastolic
dysfunction, often presenting as a restrictive filling pattern on Doppler echocardiography, has been frequently observed, with studies
indicating that over half of thalassemia major patients exhibit elevated E/A ratios, reduced atrial contraction velocities, and impaired
myocardial relaxation (9,10). Despite the high prevalence of beta-thalassemia major in Pakistan, the cardiac status of affected individuals
remains understudied. With transfusion-dependent children at heightened risk of iron-induced myocardial damage, there is an urgent
need to assess the structural and functional cardiac changes in these patients. Echocardiography provides a non-invasive and reliable
means to evaluate early cardiac abnormalities before symptomatic heart failure develops. Therefore, this study aims to assess the mean
cardiac structural and hemodynamic changes in patients with documented beta-thalassemia major, providing critical insights that may
guide early interventions and improve long-term patient outcomes.

METHODS

This cross-sectional study was conducted at the Department of Cardiology, Pakistan Institute of Medical Sciences (PIMS), Islamabad,
over six months following approval from the Institutional Review Board (IRB) of the Cardiology Centre, PIMS Islamabad. The study
aimed to evaluate structural and hemodynamic cardiac changes in children diagnosed with beta-thalassemia major through
echocardiographic assessment. The study population comprised children aged 2—14 years with a confirmed diagnosis of beta-thalassemia
major who were recruited from the thalassemia clinic at PIMS. Eligibility criteria included children who had received more than ten
packed cell volume (PCV) transfusions. Individuals with a history of prior cardiac surgery, congenital heart disease (CHD), rheumatic
heart disease (RHD), myocarditis, or those who were HIV-positive were excluded to eliminate potential confounding factors that could
independently affect cardiac function.

The sample size was calculated using the WHO sample size calculator, ensuring a 95% confidence level and a 5% margin of error. Given
that the estimated prevalence of beta-thalassemia carriers in Pakistan ranges between 5% and 7% (5), a population proportion of 5%
was used, resulting in a required sample size of 73 participants. To account for potential non-responses or incomplete data, the final
sample size was increased to 85 patients. Demographic and clinical data were collected through a structured data collection tool designed
specifically for this study. This tool recorded relevant patient details, including age, gender, family history, socioeconomic status,
duration since diagnosis, number of blood transfusions, and hematological parameters such as hemoglobin (Hb), mean corpuscular
volume (MCV), mean corpuscular hemoglobin (MCH), and mean corpuscular hemoglobin concentration (MCHC).
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Each participant underwent a comprehensive echocardiographic assessment to evaluate cardiac structural and hemodynamic changes.
Two-dimensional echocardiography was performed to measure left ventricular end-diastolic diameter (LVEDD), left ventricular end-
systolic diameter (LVESD), left ventricular ejection fraction (LVEF), and E/A ratio. LVEDD and LVESD were measured using M-mode
echocardiography in the parasternal long-axis view, ensuring perpendicular alignment of the M-mode cursor through the interventricular
septum, left ventricular cavity, and posterior wall to prevent measurement errors. LVEF was assessed using both visual estimation and
Simpson’s method, the latter of which involved tracing the endocardial borders in apical four-chamber (A4C) and two-chamber (A2C)
views to ensure accuracy. Diastolic function was evaluated using pulsed-wave Doppler to measure the E/A ratio, which represents early
diastolic (E wave) and atrial contraction (A wave) velocities across the mitral valve. Ethical considerations were strictly adhered to,
following the principles outlined in the Helsinki Declaration (1975, revised 1997). The study received approval from the Institutional
Review Board (IRB) of the Cardiology Centre, PIMS Islamabad. Written informed consent was obtained from the parents or guardians
of all participants before enrollment. Statistical analyses were conducted using SPSS version 26. Descriptive statistics were computed,
with qualitative variables such as gender, blood group, family history, and socioeconomic status reported as frequencies and percentages,
while quantitative variables, including age, duration of disease, hematological parameters, and echocardiographic measurements, were
expressed as mean + standard deviation. Effect modifiers such as age, gender, family history, socioeconomic status, and duration of
blood transfusions were stratified, and post-stratification independent sample t-tests were applied to assess statistical significance. A p-
value of < 0.05 was considered statistically significant.

RESULTS

The study included 85 children diagnosed with beta-thalassemia major. The age distribution showed that 29.4% were aged 2—5 years,
41.2% were 610 years, and 29.4% were 11—14 years. The cohort comprised 52.9% males and 47.1% females. A positive family history
of thalassemia was reported in 76.5% of participants. Socioeconomic classification indicated that 58.8% of the patients belonged to the
low-income group, 35.3% to the middle-income group, and 5.9% to the high-income group. The duration since diagnosis varied, with
47.1% of patients diagnosed within the past five years, 41.2% between six and ten years, and 11.8% for more than ten years. Blood
transfusion frequency was every two weeks for 58.8% of patients, every three weeks for 29.4%, and every four weeks or more for
11.8%.

Table I: Baseline characteristics of the study sample (n=85)

Variable Category n (%)
Age Group (years) 2-5 25(29.4)
6-10 35(41.2)
11-14 25(29.4)
Gender Male 45 (52.9)
Female 40 (47.1)
Family History of Thalassemia Yes 65 (76.5)
No 20 (23.5)
Socioeconomic Status Low 50 (58.8)
Middle 30 (35.3)
High 5(5.9)
Duration Since Diagnosis (years) <5 40 (47.1)
6-10 35(41.2)

© 2025 et al. Open access under CC BY License (Creative Commons). Freely distributable with appropriate citation. 224



+

Ilgllzrrlni/[ _?A ﬁsztea{.: Cardiac Changes in Beta-Thalassemia + '. INSIGHTS- J“n

INSIGHTS-JOURNAL OF HEALTH
AND REHABILITATION ® ® ®

Variable Category n (%)
>10 10 (11.8)

Transfusions Intervals After2 weeks 50 (58.8)
3 weeks 25(29.4)
4 and above weeks 10 (11.8)

The mean hemoglobin (Hb) level was 8.5+ 1.2 g/dL, ranging from 6.0 to 11.0 g/dL, indicating persistent anemia despite regular
transfusions. The mean serum uric acid (UA) level was 5.8 + 1.4 mg/dL, ranging from 3.5 to 8.5 mg/dL, remaining within the pediatric
reference range. Serum ferritin levels averaged 2,500 + 850 ng/mL, with values ranging from 1,200 to 4,500 ng/mL, significantly
exceeding the normal pediatric reference range and indicating severe iron overload due to frequent transfusions. The mean cholesterol
level was 165 + 35 mg/dL, within the standard acceptable limits for children.

Table II: Biochemical investigations of study sample (n=85)

Parameter Mean + SD Range
Hemoglobin (Hb) (g/dL) 85+1.2 6.0-11.0
Uric Acid (UA) (mg/dL) 58+14 35-85
Ferritin (ng/mL) 2500 + 850 1200 — 4500
Cholesterol (mg/dL) 165 + 35 110 —240

Ferritin <2500

Hg/L
24%

Ferritin 22500

pg/L
76%

Figure 1 Distribution of serum ferritin among study sample (n=85)

Serum ferritin levels were markedly elevated in the majority of patients, with 76% having ferritin levels >2500 pg/L, whereas 24% had
levels below this threshold. The hematological indices demonstrated a mean corpuscular volume (MCV) of 65.4 + 4.8 fL (range: 58.0—
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75.0), below the normal range and consistent with microcytosis. The mean corpuscular hemoglobin (MCH) was 22.3 + 1.5 pg (range:
20.0-25.0), also below the reference range, indicating hypochromia. The mean corpuscular hemoglobin concentration (MCHC) was
32.8+ 1.1 g/dL (range: 30.0-35.0), within the normal reference range.

Table I1I: Primary outcomes of the study sample (n=85)

Parameter Study Mean + SD Study Range Reference Range Reference Source

MCV (fL) 65.4+48 58.0-75.0 70 — 98 Children's FBC Reference
MCH (pg) 23+15 20.0-25.0 24.0-31.0 Ranges (1)

MCHC (g/dL) 32.8+1.1 30.0-35.0 32-36

LVEDD (mm) 423+3.5 36.0—48.0 36 -54 Echocardiographic
LVESD (mm) 28.1+27 24.0-34.0 23— 40 Reference Ranges (12)
LVEF (%) 56.8+£6.5 45.0-70.0 56-178

E/A Ratio 1.8+£0.3 1.2-24

Echocardiographic parameters revealed a mean left ventricular end-diastolic diameter (LVEDD) of 42.3 £ 3.5 mm (range: 36.0—48.0)
and a mean left ventricular end-systolic diameter (LVESD) of 28.1 £2.7 mm (range: 24.0-34.0), both within the standard reference
values. The mean left ventricular ejection fraction (LVEF) was 56.8 £ 6.5% (range: 45.0—70.0), positioned at the lower limit of the
normal range, suggesting potential early cardiac dysfunction. The mean E/A ratio was 1.8 £ 0.3 (range: 1.2-2.4), indicating preserved
diastolic function in the majority of patients.

Table IV: Correlation of serum Ferritin and Echocardiographic parameters of study sample (Ferritin >2500 ng/L versus Ferritin
<2500 pg/L)

Parameter Ferritin >2500 pg/L Ferritin <2500 pg/L p-value Correlation
(Mean + SD) (Mean £ SD) Coefficient (r)

LVEDD (mm) 445+32 40.1+3.0 0.05 +0.45

LVESD (mm) 302+25 26.0+£2.4 0.01%* +0.50

LVEF (%) 54.0+5.8 59.6+52 0.03* -0.48

E/A Ratio 1.9+04 1.7+0.3 0.15 +0.20

Correlational analysis demonstrated a significant association between serum ferritin levels and echocardiographic parameters. Patients
with ferritin levels >2500 pg/L had a larger mean LVEDD (44.5 + 3.2 mm vs. 40.1 = 3.0 mm, p = 0.05) and LVESD (30.2 + 2.5 mm vs.
26.0 £ 2.4 mm, p = 0.01) compared to those with ferritin <2500 pg/L. LVEF was significantly lower in the high-ferritin group (54.0 +
5.8% vs. 59.6 £ 5.2%, p = 0.03), indicating reduced systolic function. A positive correlation was observed between serum ferritin and
LVESD (r = +0.50), while an inverse correlation was found between serum ferritin and LVEF (r = -0.48). No significant difference in
the E/A ratio was observed between the two groups (1.9 = 0.4 vs. 1.7 £ 0.3, p = 0.15), suggesting that diastolic function was largely
preserved despite iron overload.
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Comparison of Echocardiographic Parameters by Serum Ferritin Levels Distribution of Serum Ferritin Levels in Study Population
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DISCUSSION

Cardiac complications remain a major concern for patients with beta-thalassemia major, particularly those undergoing frequent
transfusions. Myocardial iron deposition is a critical factor contributing to cardiac dysfunction, and its early detection through
echocardiographic assessment is essential for preventing long-term complications. This study examined the clinical, biochemical, and
echocardiographic parameters of children with beta-thalassemia major, with a specific focus on the association between serum ferritin
levels and cardiac function. The findings revealed that a substantial proportion of patients (76%) had serum ferritin levels >2500 pg/L,
highlighting significant iron overload. This aligns with studies conducted in developing countries, where access to timely and adequate
chelation therapy is often challenging due to financial and healthcare constraints (13,14,15). Elevated ferritin levels were associated
with structural and functional cardiac alterations, as evidenced by significant differences in LVEDD, LVESD, and LVEF between
patients with ferritin levels above and below 2500 pg/L. These findings are consistent with studies from other regions where chronic
iron overload contributes to progressive ventricular dilation and reduced systolic function (16,17). However, in contrast to findings from
high-income countries where effective chelation therapy has mitigated cardiac complications, this study underscores the persistent
challenge of managing iron burden in resource-limited settings (19).

The echocardiographic assessment in this study suggested borderline cardiac dysfunction in patients with excessive iron deposition. The
significant correlation between serum ferritin levels and LVEDD (+0.45), LVESD (+0.50), and LVEF (-0.48) reinforces the impact of
iron toxicity on myocardial performance. These results support previous research that established iron-induced myocardial remodeling
as a precursor to both systolic and diastolic dysfunction (18). While global research highlights the effectiveness of intensive chelation
in reducing cardiac complications, the current findings suggest that the strategies implemented in this region may be insufficient to
prevent subclinical myocardial changes (19). The observed reduction in LVEF in patients with severe iron overload further emphasizes
the necessity for early intervention through optimized chelation protocols. The mean hemoglobin level of 8.5 + 1.2 g/dL in this cohort
reflects persistent anemia despite regular transfusions, a trend commonly observed in patients with transfusion-dependent beta-
thalassemia major. This aligns with previous studies in Pakistan, which have attributed suboptimal hemoglobin maintenance to
inconsistent blood transfusion practices and limited donor availability (5). The hematological indices, including MCV (65.4 + 4.8 fL)
and MCH (22.3 + 1.5 pg), were consistent with the characteristic microcytic, hypochromic anemia of beta-thalassemia major,
corroborating findings from both local and international studies (19,20).

Biochemical parameters revealed that uric acid and cholesterol levels were within normal reference ranges, suggesting that beta-
thalassemia major and iron overload may not have a significant impact on these parameters in this population. This contrasts with reports
from other studies that have observed hyperuricemia and dyslipidemia in thalassemia patients, potentially due to differences in patient
demographics, genetic predispositions, nutritional status, or chelation regimens (21). The absence of significant lipid alterations in this
study may indicate that factors such as dietary habits and metabolic adaptations play a role in maintaining lipid homeostasis in these
patients. While this study provides valuable insights into the cardiac status of children with beta-thalassemia major, certain limitations
should be considered. The cross-sectional nature of the study precludes the assessment of longitudinal changes in cardiac function and
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iron burden. The sample size, although adequate for statistical analysis, remains relatively small and may not fully capture the variability
in disease progression across different patient subgroups. Additionally, cardiac MRI, which is the gold standard for myocardial iron
quantification, was not included due to resource limitations, and echocardiographic findings may not fully reflect the extent of
myocardial iron overload. Future studies incorporating serial echocardiographic assessments alongside T2* MRI would provide a more
comprehensive understanding of disease progression and the effectiveness of chelation therapy. The findings highlight the urgent need
for improved iron monitoring and chelation strategies to mitigate cardiac complications in patients with beta-thalassemia major.
Strengthening healthcare infrastructure to ensure early detection and aggressive management of iron overload is essential for reducing
the burden of cardiac morbidity. Further research focusing on the long-term impact of iron chelation, the role of newer therapeutic
agents, and the identification of additional risk factors influencing cardiac health in this population is warranted.

CONCLUSION

This study highlights the substantial impact of iron overload on cardiac function in patients with beta-thalassemia major, emphasizing
the need for vigilant monitoring and timely intervention. The findings reinforce the critical role of effective chelation therapy in
preventing cardiac complications, particularly in resource-limited settings where management challenges persist. The association
between iron burden and early cardiac dysfunction underscores the necessity for improved treatment strategies and more comprehensive
screening protocols to detect subclinical myocardial changes. Strengthening healthcare infrastructure, optimizing transfusion and
chelation regimens, and addressing barriers to care are essential steps toward improving long-term outcomes in this vulnerable
population.
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