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Background: Lifelong blood transfusion is recommended for patients with transfusion-dependent thalassemia (TDT) that lead to iron
overload and results in cardiomyopathy (CM).

Aim: To assess the accuracy of several electrocardiographic (ECG) data in patients at high risk of arrhythmia, early detection of
structural and functional changes in left atrium and ventricle using ECG and echocardiography (two dimensional, M-mode echocar-
diography along with Doppler studies), and to observe the correlations between plasma B-type atrial natriuretic peptide (BNP)/serum
ferritin and ECG with Doppler as well as echocardiographic changes in patients with TDT.

Methods: The current prospective case-control study included 75 TDT patients and 74 control subjects with the mean age of 9.55 and
9.93 years, respectively. Participants were assessed for the socio-demographic, physical examinations, serum ferritin, plasma BNP,
ECG, 2D echocardiography, and tissue/pulse wave Doppler.

Results: The mean of serum ferritin and plasma BNP were significantly (p<0.001) higher in the cases (1475.19 ng/mL and 47.63 pg/
mL, respectively) than controls (41.3 ng/mL and BNP 23.37 pg/mL, respectively). ECG findings showed significant higher P-wave
dispersion, QRS duration, QT duration and dispersion, and JTc dispersion in cases than controls. Echocardiography findings revealed
diastolic dysfunction with preserved ejection fraction (EF) in thalassemia cases, as well as significant higher left ventricular (LV) mass,
LV internal diameters during systole and diastole (LVIDs and d) and LV posterior wall thickness during diastole (LVPWd) in cases
than controls (p<0.05). Also, a significant (p<0.05) correlation between BNP and QT dispersion was found in patients.
Conclusion: These findings suggest the usefulness of ECG, 2D echocardiographic, Doppler studies and plasma BNP, with no
significant beneficial effect of serum ferritin level in detecting early cardiac changes in patients with TDT.
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Introduction
B-Thalassemia is a common hereditary blood disease in the Middle East and other developing countries,' in which there
is a reduction or absence in the synthesis of the f-globin chain leading to ineffective erythropoiesis and malfunctioning
hemoglobin A (HbA).>> Patients with B-Thalassemia require frequent blood transfusion based on the clinical severity,
whether it is major on intermedia, or they may not need any of the minor types.*

All thalassemia patients are susceptible to iron overload, and those who are transfusion-dependent thalassemia (TDT)
are at higher risk of developing cardiac complications as a result of iron deposition in the cardiac-myocyte due to

parenteral iron induction.>
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However, the pathophysiology of heart disease in B-thalassemia is multifactorial, with inflammation and immuno-
genic factors playing a significant role.”* The iron deposition could adversely affect the heart’s structure and function,
producing ventricular diastolic and systolic dysfunction, often in conjunction with cardiac rhythm disturbances including
slowed electrical conduction, heart-block, increased susceptibility to atrial fibrillation, and frequent premature ventricular
contraction and eventually sudden death.® Although the heart is not the first target organ; cardiac siderosis is important
since it contributes to high morbidity and mortality rates, accounting for >60% of deaths in thalassemia.’"'°

With increased life expectancy to those patients after the commencing of iron chelation therapy,” the need for
evaluating cardiac iron-overload emerged, especially it’s a slowly progressive, dose-dependent process and may take
decades to be detectable by the conventional laboratory and clinical measures.'” Also, it can be reversed by mono or
combined chelation therapy, particularly in the case of early diagnosis that provides a better life quality and prevents
severe complications to patients with thalassemia.*'"

Dilated CM is a progressive ventricular wall thinning accompanied by gradual functional impairment'? in which its
echocardiographic diagnostic criteria are LVIDd of >117%, left ventricular ejection fraction (LVEF) of <45% and/or
fractional shortening (FS) of <25%.13

In TDT patients, the cause of CM is infiltration of iron inside the cardiac myocyte, causing prominent diastolic
dysfunction and increased wall thickness."® Generally, CM starts with iron-mediated cardiovascular injury that leads to
altered excitation-contraction coupling and electrophysiology followed by diastolic dysfunction and finalized with dilated
biventricular CM."*

Serum ferritin level is used along with Hb level routinely to assess the need for the burden of blood transfusion in
these patients.® Hb levels should be kept around 10 g/dL to suppress ineffective erythropoiesis and its complications. At
the same time, serum ferritin should not exceed 300 ng/mL, along with echocardiography assessment to keep the balance
between the effect of anemia on the heart and the burden of cardiac hemosiderosis.'> Routine echocardiography
measures the systolic function of the heart, EF, LV chamber dimensions and correlate results with serum ferritin and
Hb.'

BNP is used to detect early cardiac iron overload, even when EF is reserved.'” It is released from the cardiac myocyte
in response to stretching due to volume overload.'® It has both diagnostic and prognostic values for detecting cardiac
function and the effectiveness of chelating therapy, especially in congestive heart failure.'®

ECG changes such as P-wave abnormalities, P-wave dispersion, QT interval prolongation and dispersion, QRS
widening and T-wave abnormality; were found to proceed with echocardiographic abnormalities.° Patients with iron-
overload cardiomyopathy (IOC) can be asymptomatic, have diastolic dysfunction, systolic dysfunction, congestive heart
failure, pulmonary hypertension and arrhythmia, which may lead to sudden death.?'~*>

Although most thalassemia centers routinely assess the cardiac function by echocardiography, these assessments
usually measure the systolic function, which occurs at the late course of the disease. Due to pulmonary hypertension, the
impaired left diastolic function is mostly seen with higher serum ferritin that indicates high iron deposition in the cardiac
myocyte.3

Although iron is essential for multiple cellular activities, but is highly toxic, forming oxidative reactions and free
oxygen radicals; thus, its intracellular/extracellular concentrations should be kept in balance. Therefore, this study aimed
to assess the accuracy of several electrocardiographic data in predicting patients risk of arrhythmia, early detection of
structural and functional changes in left atrium/ventricle and to observe correlations between BNP, serum ferritin and
ECG with echocardiographic, as well as Doppler changes in patients with TDT.

Methods

Study Setting and Participants

This case-control study was conducted on 75 patients with TDT and 75 healthy subjects at the Department of Cardiology,
Dr. Jamal Ahmed Rashid’s Pediatric Teaching Hospital, with the cooperation of Sulaimaniyah Thalassemia and
Congenital Blood Disorders Center, Sulaimaniyah City, Republic of Iraq from September 2019 till September 2021.
Written informed consent was taken from all study participants’ parents or guardians. However, one healthy subject was
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excluded from the control group due to cardiac disease that was discovered accidentally by an echocardiographic
assessment during the study.

Ethical Approval
The study was performed following the Declaration of Helsinki and approved by the ethical committee of College of
Medicine, University of Sulaimani, Sulaimaniyah, Republic of Iraq, with COM/UNIVSUL/24/2852019.

Inclusion Criteria
Patients with TDT (major/intermedia) who received >15 units of blood with no cardiac symptoms aged 2.5-18 years of
both genders were included in this study.

Exclusion Criteria
Patients with thalassemia major or intermedia not received 15 units of blood, those who already had cardiac complica-
tions and were on treatment for it, and patients with an EF of <60% were not enrolled in this study. Additionally, patients
and controls with acute illnesses such as flu or other sensitive conditions that may affect serum ferritin levels were
excluded from this study.

Questionnaire

A detailed questionnaire for the collection of socio-demographic data (age, sex, and residency) and anthropometric
measures (height and weight to determine body surface area using the Dubois formula)>® was filled out for each
participant. The subjects and their parents/guardians were asked about age, age at which thalassemia has been diagnosed,
type of thalassemia, age at which blood transfusion started, number of units of blood received by the patient per year, iron
chelation therapy, and adherence to the therapy. In addition, the entire cardiovascular history was covered to find any
symptoms of cardiac complications, including dyspnea, orthopnea and syncope. It also includes questions about the
history of splenectomy and any other surgeries.

Assessment of Participants for Cardiovascular Diseases

All participants were evaluated for cardiovascular diseases by general examination and a detailed cardiovascular
examination to ensure they did not have any obvious cardiac complications; otherwise, patients were excluded from
the study.

Electrocardiographic Assessment

Twelve leads electrocardiography was conducted on all participants under standard measures with a speed of 50 mm/sec
and 10 mm/millivolt amplitude using a portable ECG device of ASPEL (AsCARD ORANGE). Heart rate, rhythm,
cardiac axis, P-wave amplitude, duration and dispersion, QRS duration, JT, QT and QTc with QT dispersion were
manually calculated for all participants. P-wave dispersion was calculated manually in milliseconds (ms) by measuring
the difference between the widest P-wave and the narrowest one in all leads of the same record. QT interval was also
manually measured from the beginning of the Q-wave till the end of the T-wave using the tangent method to locate its
end. Then, the reading was corrected to obtain QTc using the Frederica correction for regular heart rate and the Bazett
formula for irregular heart rate.

Echocardiographic Assessment

A detailed echocardiographic study was performed on all participants using the Vivid E9 device and 3000 MHz
transducers. In this regard, a standard two-dimensional (2D) echocardiography and M-mode was used to measure
chamber size, EF, and wall thickness of the LV, as well as tricuspid annular plane systolic excursion (TAPSE) and
mitral annular plane systolic excursion (MAPSE). In addition, the heart chamber dimensions and wall thickness had
been corrected by the Z-score system to the body surface area (BSA). Then, pulse wave Doppler and tissue Doppler
were used to measure the peak mitral inflow velocities at early (E) and late (A) diastole, and their ratio (E/A) was
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determined. Finally, mitral annular early diastolic velocity (e”) and the left atrial pressure were estimated through the
ratio of E/e” along with pulmonary venous flow velocity in systolic (S) and diastolic (D) components with their ratio
(S/D).

Biochemical Parameters

Blood samples were collected from TDT patients before blood transfusion, while blood samples were collected from
the controls after the clinical assessment. Serum ferritin was measured using chemiluminescence immunoassay, while
BNP was determined using a fluorescent nanoparticle immunoassay designed to measure the BNP in vitro human
plasma.

Statistical Analysis

The statistical computation was enhanced using the statistical method (SPSS, version 25.0) to determine descriptive
statistical data analysis (frequency, percentage, minimum, maximum, mean, and standard deviation) and inferential data
analysis using Chi-square, independent samples -test and one-way ANOVA (F-test). Correlations between variables
were found using Pearson’s correlation. The criteria for the probability (p-value) level of significance were shown as;
a. high significance (p<0.001), b. Significant (p<0.05), c. Non-significant (p>0.05), and d. very highly significant
(p<0.000).

Results

Socio-Demographic and Clinical Characteristics of Studied Participants

After applying exclusion criteria, 75 thalassemia cases with a mean age of 9.55 + 3.83 and 74 age and sex-matched
control subjects with a mean age of 9.93 + 3.66 were included in this study (Table 1). There were no significant
differences (p>0.05) in the gender between cases and controls. Among the patients, 18.7% had major thalassemia, while
81.3% had intermedia. On the other hand, 90.7% of cases had facial disfigurement, and the percentage of splenomegaly,
hepatomegaly, and jaundice were 88%, 26.7%, and 96%, respectively, with none of these findings in control subjects
(p<0.05). Splenectomy was present in 5.3% of thalassemia patients. Neither basal crepitation nor cardiac murmur was
present in cases and the controls (Table 1).

ECG Measurements

There were no significant differences in heart rate, rhythm disturbances and cardiac axis deviations between thalassemia
cases and controls (p>0.05). P-wave dispersion and QT dispersion were significantly higher in cases compared to the
controls (p<0.05). The duration of QRS, QT and JTc in patients was higher than in the controls (p<0.05). At the same
time, QTc duration between cases and controls was not significant (p>0.05) (Table 2).

Two-Dimensional Echo Parameters

There was a very highly significant difference between cases and controls in left ventricular mass, left ventricular internal
diameter in diastole and systole (p<0.000). Left posterior wall thickness in diastole was significant (p<0.05), while
systole was not significant. MAPSE also significantly differed between both groups. Interventricular septal had no
significance in systole or diastole (p>0.05). There was no significant difference for TAPSE, EF and FS of the LV
(Table 3).

Pulse-Doppler Velocities

LV in diastole Doppler wave showed significantly higher E wave and E/A ratio (p<0.025 and p<0.000, respectively) in
cases than controls. The ratio of trans-mitral (E/e”) was very highly significant (p<0.000), whereas the early diastolic
velocity (e") showed a significant difference. Peak flow pulmonary velocities during ventricular diastole (D) and S/D
ratio expressed a highly significant difference. Elevation flow pulmonary velocities during ventricular systole (S) had no
significant difference (Table 4).
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Table |1 The Association Between Case and Control Groups in Relation to Socio-Demographic Data

Variable Case (No.=75) Control (No.=74) Result
No. (%) No. (%) Test P-value
Mean £ SD Mean £ SD

Age 9.55+3.83 9.93+3.66 0.617% 0.538

Minimum * Maximum 2.5+18 4.0+16.0

Sex Male 40(53.3) 31(41.9) 1.955%* 0.162
Female 35(46.7) 43(58.1)

Body surface area 17.44+2.48 19.38+2.6 4.668* 0.000

Minimum * Maximum 11.42+23.8 13.22+22.84

Residence City 30(40) 74(100) 63.612%* 0.000
Town 45(60) 0(0)

Type of thalassemia | Major 14(18.7) 0(0.0) 149.00 ** 0.000
Intermedia 61(81.3) 0(0.0)
Normal 0(0.0) 74(100)

Facial disfigurement | Absent 7(9.3) 74(100) 123.419% 0.000
Present 68(90.7) 0(0.0)

Splenomegaly Absent 9(12) 74(100) 116.902%* 0.000
Present 66(88) 0(0.0)

Hepatomegaly Absent 55(73.3) 74(100) 22.793** 0.000
Present 20(26.7) 0(0.0)

Jaundice Absent 3(4) 74(100) 137.467+* 0.000
Present 72(96) 0(0.0)

Basal crepitation Absent 75(100) 74(100) - -
Present 0(0.0) 0(0.0)

Cardiac murmur Absent 75(100) 74(100) - -
Present 0(0.0) 0(0.0)

Splenectomy No 71(94.7) 74(100) 4.056%* 0.044
Yes 4(5.3) 0(0.0)

Age at which blood transfusion started 7.48+5.94* 0.00+0.00 —10.828* 0.000

Minimum % Maximum 2.0+£36 0.0+0.0

Notes: *Significant difference using independent t-test; **Significant difference using chi square test.
Abbreviations: No., number; SD, standard deviation.

The Z-score correction of LV wall thickness between both groups showed a highly significant difference in the LV

posterior wall in both systole and diastole and a highly significant difference in interventricular septa in systole

(p<0.000). While interventricular septum (IVS) diastolic thickness showed no significance, BSA showed a significant

reduction in the cases (Table 5).
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Table 2 The Association Between Case and Control Group in Relation to Electrocardiogram Measurement

Variable Case Control Result
(No.=75) (No.=74)
No. (%) No. (%) Test P-value
Mean = SD Mean = SD
Heart rate 93.92+17.09 92.96+14.92 0.365% 0.715
Rhythm Regular 3(4) 6(8.1) 1.108%* 0.293
Irregular 72(96) 68(91.9)
Cardiac axis Normal 68(90.7) 63(85.1) 1.073%* 0.3
Right 7(9.3) 11(14.9)
P-wave dispersion (ms) 54.93%15.97 14.59+21.27 13.101* 0.000
QRS duration (ms) 67.73%£14.2 63.65+£9.59 2.055* 0.042
QT duration (ms) 338.67£27.77 328.38+26.28 2.322% 0.022
QTc duration (ms) 499.16+64.54 485.6+61.58 1.312% 0.192
QT disruption (ms) 50.13+26.17 23.78+20.32 6.858* 0.000
JTc duration (ms) 431.43+63.59 251.45+124.01 11.169* 0.000
T-wave shape Flat 111 6(8.0) 0(0.0) 67.663%F 0.000
Flat Ill, inverted vl, 2,3 | 2(2.7) 0(0.0)
Flat lead Ill, inverted v4 | 1(1.3) 0(0.0)
Inverted IlI 8(10.7) 0(0.0)
Inverted IlI, v1,2,3 5(6.7) 0(0.0)
Inverted in vl, v2, v3 10(13.3) 3(4.1)
Inverted in VI, V2,V3,V4 | 7(9.3) 0(0.0)
Inverted vl 4(5.3) 36(48.6)
Inverted vl,2 2(2.7) 13(17.6)
Normal 30(40) 22(29.7)

Notes: *Significant difference using independent t-test; **Significant difference using chi square test.
Abbreviations: ms, millisecond; No., number; SD, standard deviation.

Biochemical Tests

There was high serum ferritin and plasma BNP in the cases with a meagre amount for both tests in the controls. Thus,
there was a highly significant association in the mean of serum ferritin (1475.19 ng/mL) and plasma BNP (47.63 pg/mL)
in cases than controls (41.3 ng/mL and 23.37 pg/mL for both serum ferritin and plasma BNP, respectively) (Figure 1). In
addition, there was a very high significant difference between serum ferritin levels in both groups (p<0.000) (Table 6).
However, there was no significant correlation between serum ferritin and all echocardiographic parameters (p>0.05) and
between serum ferritin and ECG parameters, except for the T-wave abnormalities.
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Table 3 The Association Between Case and Control Groups in Relation to 2-Dimension-Echo

Measurement
Variable Case (No.=75) Control (No.=74) Result
Mean * SD Mean £ SD Test P-value

LV mass 98.97+39.79 67.41+28.12 3.992* 0.000
LVIDd 3.93+0.52 3.51+0.46 5.268* 0.000
LVIDs 2.43+0.44 2.15+0.36 4.228* 0.000
LVPWd 0.75+0.21 0.68+0.16 2.134* 0.034
LVPWs 0.99+0.14 0.98+0.13 0.416* 0.678
IVS/systolic 0.96+0.14 0.92+0.12 1.899* 0.06
IVS/diastolic 0.64+0.17 0.65+0.14 —0.074* 0.941
FS % 38.03+6.88 37.7616.13 0.253* 0.801
EF M mode 75.23%7.16 74.28+7.75 0.772* 0.442
TAPSE 2.28+0.56 2.12+0.48 1.921%* 0.057
MAPSE 1.64+0.41 1.43£0.31 3.496* 0.001

Note: *Significant difference using independent t-test.

Abbreviations: EF, ejection fraction; FS, fractional shortening; IVS, interventricular septum; LV, left ventricle; LVIDd, left
ventricle internal diameters during diastole; LVIDs, left ventricle internal diameters during systole; LVPW(d, left ventricle
posterior wall thickness during diastole; MAPSE, mitral annular plane systolic excursion; No., number; SD, standard
deviation; TAPSE, tricuspid annular plane systolic excursion.

Table 4 The Association Between Case and Control Groups in Relation to Doppler Study

Variable Case (No.=75) Control (No.=74) Result
Mean = SD Mean = SD Test P-value

E 95.87+17.64 102.44£17.77 —2.257% 0.025

A 47.47£12.13 65.31£17.34 —7.252% 0.000
E/A mitral 2.13+0.66 1.64+0.36 5.554% 0.000
eA 18.69+3.46 17.12+2.44 3.183* 0.002
Eler 5.19£1.37 6.11£1.51 —3.858* 0.000

S 59.54+15.48 60.06+12.37 —0.227% 0.82

D 54.88+16.51 65.58+13.91 —4.278* 0.000
S/D ratio 1.17+0.42 0.930.2 4.42% 0.000

Note: *Significant difference using independent t-test.

Abbreviations: A, late peak mitral inflow velocity; D, diastole; E, early peak mitral inflow velocity; E/A, early peak mitral inflow
velocity/late peak mitral inflow velocity ratio; e?, early diastolic velocity; E/e?, early peak mitral inflow velocity/early diastolic
velocity ratio; No., number; S, systole; SD, standard deviation; S/D, systole/diastole.

Correlation Between Different Variables

Plasma BNP showed a significant correlation with LV mass, LVPWd, IVSd, TAPSE and QT dispersion (p<0.05). There was
no significant correlation between serum ferritin and LVmass, IVS in systole and diastole in the controls. BNP levels also had
no significant correlation with TAPSE in the controls. In both groups, the age was significantly correlated with LV wall
thickness in systole and diastole and with IVS (p<0.05), except for the control LVPWd and IVSd (p>0.05) (Table 7).
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Table 5 Z-Score of Left Ventricular Wall Thickness and Interventricular Septa in Systole and
Diastole Between the Two Study Groups

Variable Case Control Result

Mean £SD Mean SD Test P-value
Z score LVPWs 3.92+0.89 3.22+0.75 5.085* 0.000
Z score LVPWd 1.91£1.72 0.7+1.64 4.408* 0.000
Z score IVS/systolic 3.86+0.99 3.02+1.14 4.66* 0.000
Z score IVS/diastolic 0.71x1.93 0.21%1.77 1.633* 0.105
Body surface area 0.95+0.22 1.14£0.29 —4.483 0.000

Note: *Significant difference using independent t-test.
Abbreviations: IVS, interventricular septum; LYPWd, left ventricle posterior wall thickness during diastole; LVPWs, left
ventricle posterior wall thickness during systole; No., number; SD, standard deviation.

Discussion

Heart complications represent CM due to increased body iron is characterized by early diastolic dysfunction that
develops before systolic dysfunction, in which cardiac iron toxicity is the leading cause of diastolic dysfunction in
TDT.**

Regarding ECG findings, no significant differences (p>0.05) in heart rate and rhythm disturbances between thalasse-
mia cases and control groups were found in the current study. These findings align with Patsourakos et al 2020 and
Ghandi et al 2018" results that a significant association between heart rate and ECG abnormality did not exist. While
these outcomes were inconsistent with Detterich et al 2012 findings, who found heart rate abnormalities in thalassemia
major patients, not correlated tachycardia with cardiac iron overload and significantly correlated sinus bradycardia with
cardiac iron overload.?®
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Figure | The levels of serum ferritin and plasma B-type atrial natriuretic peptide (BNP) in studied groups.
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Table 6 Comparison the Means of Serum Ferritin and T-Wave Abnormality

Variable Case Control Case and Control

Mean SD Mean SD Mean SD
Flat 111 1549.5000 506.47359 - - 1549.5000 506.47359
Flat lll, inverted in VI, 2, 3 1563.0000 619.42554 - - 1563.0000 619.42554
Flat lead Ill, inverted V4 1189.0000 - - - 1189.0000 -
Inverted IlI 1430.7625 491.68013 - - 1430.7625 491.68013
Inverted Ill, VI, 2, 3 1437.0000 387.90914 - - 1437.0000 387.90914
Inverted in VI, 2, 3 1599.8000 397.41241 58.2667 14.49149 1244.0615 758.59940
Inverted in VI, 2, 3, 4 1576.8571 469.45977 - - 1576.8571 469.45977
Inverted VI 1717.2500 403.74115 40.9058 12.54593 208.5403 521.60986
Inverted in VI & 2 937.2000 27831723 43.2254 31.82118 162.4220 324.57393
Normal 1420.5787 522.73652 38.4968 17.92448 835.8517 794.28488
Significant Test 0.61* 1.025% 10.025*
P-value 0.784 0.387 0.000

Note: *Significant difference using independent t-test.

Cardiac axis deviations comparisons between thalassemia and the control group were not significant (p>0.05) in the
current study in which 9.3% of TDT had right axis deviation. In this regard, Ramazzotti et al 2008 found right axis
deviation as a common finding in 12% of thalassemia major patients.?’

Also, we found that P-wave dispersion and QT dispersion were significantly (p<0.05) higher in thalassemia cases than
in controls. Similar to our findings, P-wave dispersion was significantly (p<0.05) higher in patients with major
thalassemia than controls in studies conducted in Iran by Ghadiri et al 2012%® and in Turkey by Nisli et al 2010.%°

Additionally, we found significantly (p<0.05) higher duration of QRS, QT and JTc in cases than in controls. Similarly,
Patsourakos et al 2020, revealed a significant (p<0.05) longer QRS duration in cases versus control.”> At the same time,
QTc duration between patients and controls did not show significant results, similar to other studies’ effects. However,
Garadah et al 2010°° and Detterich et al 2012%° showed significantly (p<0.05) higher QTc and QTc duration in
thalassemia subjects than controls. These differences might be due to higher serum ferritin in thalassemia major patients,
although we included both thalassemia major and intermedia in this study.

In the current study, repolarization abnormalities and non-specific ECG changes were significantly (p<0.05) asso-
ciated with thalassemia patients. In addition, T-wave inversion and flat T-wave were higher in cases versus control,
whereas, Detterich et al 2012, showed prolonged QT/QTc in thalassemia cases.>®

The general finding of this study revealed that the P-wave dispersion, QT dispersion and prolongation, and
repolarization abnormality, especially in terms of T-wave changes, were significantly (p<0.05) associated with thalasse-
mia patients. However, the differences in other ECG parameters such as QTc could be due to the population, ethnicity,
age group, types of thalassemia, duration of chelation therapy, serum ferritin, and cardiac iron overload. This can be
explained as cardiac iron toxicity delays and blocks electrical conduction, which occurs earlier than impaired contractility
and subject the patient to re-entry arrhythmia. This phenomenon is considered one of the complications of iron-induced
CM that is responsible for atrial fibrillation and sudden death.

BNP is released from cardiac myocytes to the circulation in response to volume overload and stretching. There was
a significant (p<0.05) increase in plasma BNP levels in TDT patients than controls with normal EF in the current study.
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Table 7 Correlations Between Age, Serum Ferritin, Plasma BNP and Characteristics in Case and Control Groups

Variable Case Control
Age Serum Ferritin Plasma BNP Age Serum Ferritin Plasma BNP
r Sig. r Sig. r Sig. r Sig. r Sig. r Sig.
Heart rate —0.155 | 0.185 | 0.059 0617 —0.145 | 0215 | —0.118 | 0316 —=0.111 0.347 -0.113 | 0337
LV mass 0.661 0.000 | 0.047 0.688 0.307 0.007 | 0.403 0.000 —0.263 0.024 0.052 0.661
LVIDd 0.505 0.000 | —0.117 0316 0.197 0.091 0.476 0.000 —0.145 0.217 —-0.07 0.551
LVIDs 0.465 0.000 | —0.09 0.444 0.242 0.037 | 0.495 0.000 —0.108 0.361 0.093 0.432
LVPWd 0.445 0.000 | 0.2 0.086 0.234 0.043 | 0.145 0.216 0.042 0.723 0.047 0.691
LVPWs 0.471 0.000 | —0.126 0.292 0.119 0.317 | 0.635 0.000 —0.023 0.846 —0.062 | 0.603
IVS/systolic 0.383 0.001 0.019 0.878 0.072 0.551 0.291 0.012 —0.254 0.03 0.022 0.851
IVSi/diastolic 0.398 0.000 | 0.09 0.442 0.257 0.026 | 0.206 0.079 —0.389 0.001 0.192 0.101
E 0.011 0923 | -0.15 0.201 —0.096 | 0415 | 0.264 0.023 —0.001 0.992 0.011 0.927
A 0.093 0429 | -0.011 0.923 0.123 0.298 | 0.26 0.025 —0.146 0.214 0.073 0.537
FS % —0.014 | 0.902 | 0.029 0.802 —0.142 | 0225 | —0.171 0.146 0.017 0.888 —-0.16 0.173
EF M mode 0.06 0.608 | 0.085 0.467 —0.053 | 0.654 | —0.318 | —0.006 | —0.05 0.67 —0.155 | 0.187
TAPSE 0.242 0.037 | 0.097 0.406 0.325 0.004 | 045 0.000 —0.082 0.488 —0.473 | 0.000
MAPSE 0.263 0.023 | —0.043 0.712 0.127 0.278 | 0.07 0.551 —0.038 0.749 —0.063 | 0.593
E/A mitral —0.123 | 0292 | —0.039 0.739 —0.156 | 0.181 —0.165 | 0.16 0.383 0.001 —0.094 | 0.428
eh —0.01 0.934 | -0.074 0.526 0.025 0.828 | —0.151 0.198 —0.022 0.853 0.039 0.741
Ele? —0.004 | 0974 | —0.l116 0.32 —-0.17 0.144 | 0.293 0.011 —0.008 0.946 —0.04 0.735
S 0.081 0.489 | 0.065 0.58 0.204 0.08 0.047 0.691 0.074 0.532 0.119 0.314
D —0.195 | 0.093 | —0.143 0.222 0.007 0.951 0.036 0.761 0.001 0.99 0.055 0.64
S/D 0.198 0.089 | 0.131 0.261 0.137 0.241 —0.017 | 0.885 0.082 0.489 0.13 0.27
P-dispersion 0.192 0.099 | 0.006 0.962 0.083 0.478 | 0.33 0.004 0.089 0.448 0.195 0.095
QT dispersion | 0.28I 0.014 | -0.055 0.637 0.25 0.03 0.308 0.008 —0.109 0.354 0.098 0.405
QTC 0.286 0.013 | o.l0l 0.389 0.216 0.062 | 0.321 0.005 —0.055 0.642 —0.009 | 0.941

Note: The level of significance is at 0.05.

Abbreviations: A, late peak mitral inflow velocity; BNP, B-type atrial natriuretic peptide; D, diastole; E, early peak mitral inflow velocity; E/A, early peak mitral inflow
velocity/late peak mitral inflow velocity ratio; e”, early diastolic velocity; E/e?, early peak mitral inflow velocity/early diastolic velocity ratio; EF, ejection fraction; FS, fractional
shortening; IVS, interventricular septum; LV, left ventricle; LVIDd, left ventricle internal diameters during diastole; LVIDs, left ventricle internal diameters during systole;
LVPW(d, left ventricle posterior wall thickness during diastole; MAPSE, mitral annular plane systolic excursion; TAPSE, tricuspid annular plane systolic excursion; No.,
number; r, person correlation; S, systole; SD, standard deviation; S/D, systole/diastole.

These results are also reported by Kremastinos et al 2007°" and Deraz et al 2021,>?

who found significantly (p<0.05) high
levels of BNP with no clinical presentation of heart failure (HF) nor abnormal EF.

BNP was also found to be correlated with echocardiography findings such as LV mass, LVID s, LVPWd, and IVSd.
Same outcomes also were explained by Bosi et al 2003.>* Also, Kremastinos et al 2007°" and Huttin et al 2021°** found
that circulating BNP was higher in patients with isolated diastolic dysfunction, while Kautsar et al 2019 found no

correlation.?*
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Moreover, BSA was significantly (p<0.05) lower in patients than controls. In this respect, Garadah et al 2010 reported
the same result and also, they found significant (p<0.05) correlations between BNP and TAPSE, which is inconsistent
with our finding of higher MPSE levels.*

The echocardiography measures are the gold standard for evaluating cardiac chambers and function. Tissue and pulse
Doppler studies are of great value in assessing diastolic dysfunction in most patients before the impairment of systolic
function. Transmitral flow velocity to annular flow velocity ratio (E/e") is the best Doppler predictor of diastolic
dysfunction because it combines transmural pressure and myocardial relaxation.®® In this regard, in our study, the flow
velocity transmitral valve (E) was significantly lower in patients than in controls. At the same time, relaxation time was
significantly prolonged, and the E/e” ratio was significantly low between both groups that representing impaired LV
relaxation.

Furthermore, Pulse wave Doppler velocity of the LV showed a high E/A (2.13) ratio in this study, indicating
reversible restrictive diastolic function. The same result was reported by Garadah et al 2010 but with higher early
filling.” However, we found lower E in patients than controls reported by Kremastinos et al 1993.°

On the other hand, the LVEF% and FS% in the mid cavity sector were normal, indicating that -TM patients had
a preserved systolic function. MAPSE was significantly (p<0.05) higher in the patients, which means impaired long-
itudinal LV function. These findings were similar to another study that found an increased pulmonary vein S/D ratio was
significantly (p<0.05) increased in thalassemia patients.*®

Consequently, we assessed serum ferritin level to determine iron overload, and we found that mean serum ferritin was
significantly (p<0.05) higher in TDT than the controls. These findings are also reported by Majd et al 2015 who found
a significant (p<0.05) correlation between serum ferritin with heart and liver MRI in patients with TDT.?” Although high
serum ferritin levels were found in these patients; there was no correlation with other parameters in this current study.
Another study found the same result but significantly correlated serum ferritin and tissue iron deposition using CMRI and
liver tissue biopsies.® A significant correlation (p<0.05) was found between plasma BNP and QT dispersion, which
probably occurred due to the concurrent effect of iron deposition in the cardiac myocytes that impairs the conductive
function and its secretion of the BNP. However, currently, there is no conducted study for comparing these two
parameters.

In conclusion, we realized that most ECG parameters, especially P-wave dispersion, QT prolongation and dispersion
and repolarization abnormalities (T-wave inversion in chest leads), Doppler finding of early diastolic dysfunction and
impaired relaxation were significantly higher in TDT patients than healthy individuals. Echocardiographic findings of LV
wall thickness and increased chamber dimension; LV enlargement was significantly high in thalassemia patients with
normal systolic function than normal subjects. Plasma BNP was associated with diastolic dysfunction in TDT patients.
These findings suggest the usefulness of ECG, 2D-echocardiographic, Doppler studies and plasma BNP, with no
significant beneficial effect of serum ferritin level in detecting early cardiac damage in TDT patients.
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