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Background: Patients suffering from major beta thalassemia need frequent blood transfusions and, if not treated well,
would be at risk of heart dysfunction. This study was performed to determine the diagnostic value of electrocardiography
versus echocardiography in measuring the left ventricular mass index in these patients.

Methods: Between July 2010 and June 2011, 82 asymptomatic patients over 10 years of age with major thalassemia (42
men with a mean age of 17.65 £ 3.39 years and 40 women with a mean age of 16.9 + 3.38 years) were enrolled in this study.
For all the patients, standard electrocardiography (to measure R in aVL and S in V3 and calculate left ventricular mass index
by electrocardiography) and echocardiography (to measure interventricular septum diameter in diastole, left ventricular
posterior wall diameter in diastole, and left ventricular diameter in diastole in order to calculate left ventricular mass index
by echocardiography) were performed, at least one week after transfusion. The calculated left ventricular mass indices were
thereafter compared between the two methods (electrocardiography and echocardiography).

Results: Sensitivity, specificity, positive predictive value, and negative predictive value in the two techniques in determining
the left ventricular mass index were 67%, 25%, 89%, and 7% in the females, 65%, 33%, 92%, and 6% in the males, and
67%, 14%, 89%, and 3% in the total population, respectively. Furthermore, this study demonstrated that the average left
ventricular mass index by echocardiography and electrocardiography was 104.86 + 21.65 gr/m2 and 91.69 + 12.03 gr/m2,
respectively. Echocardiography was much more accurate than electrocardiography in determining the left ventricular mass
index (p value = 0.0001).

Conclusion: The findings of this study demonstrated that echocardiography was more accurate and more reliable than
electrocardiography in determining the left ventricular mass index in major thalassemia patients.
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Introduction

Major thalassemia is a very common genetic disorder,
affecting almost 200 million people all over the world.!
Although the total incidence of hemoglobinopathies is
estimated at 1 in 100,000 the worldwide and 1 in 10,000
people in the European Union, the selective factors that
introduce thalassemia as a common disease are yet to be
recongized.’

Thalassemia is a monogenic disorder which is transferred
from parents to children in an autosomal recessive manner
and it is also a heterogenic group of hemoglobin synthesis
disorder in which the formation of hemoglobin polypeptide
chain is impaired and the synthesis rate is decreased.?
Because of the inevitable side effects (increased iron load), it
would usually be fatal until one reaches 30 years of age.! The
most common cause of death in major thalassemia patients
is dilated cardiomyopathy accompanied by left ventricular
dysfunction.? The study of Schieken and et al.* showed that
there were no correlations between electrocardiographic
measures and blood pressure, left ventricular wall thickness,
or left ventricular wall mass. Also they concluded that the
echocardiogram was a more sensitive measurement of
increased left ventricular mass than the electrocardiogram
(ECG) in children with elevated blood pressure. The study
of Rijnbeek et al.* demonstrated that sensitivities improved
better when the ECG parameters were combined, and
Reffelmann et al.’ reported that a combination of the ECG
and echocardiography findings on the left ventricular mass
identified those in a pediatric group over 5 years at risk for
developing a progressive rise in the left ventricular mass.

The left ventricular systolic size and pressure are particularly
increased in major thalassemia patients.® This increased
wall thickness and enlargement of the left ventricle (heart
chambers) are diagnosable by the ECG. Echocardiography
may be a more sensitive and specific tool for this evaluation,
but it is more expensive and the interpretation and analysis are
dependent on professional conduct of the operator, whereas
the ECG is inexpensive and available everywhere and is less
dependent on the experience of the user.

There is currently a dearth of data on a comparison between
the diagnostic value of the ECG and echocardiography
for this specific reason. The present study was, therefore,
performed in order to determine the diagnostic value of these
two modalities in measuring the left ventricular muscular
mass in patients with major thalassemia over 10 years old.

Methods

This descriptive-analytic study was performed on 82 of 380
major thalassemia patients over 10 years of age who referred
to the specialized center of Ali Asghar Hospital in Zahedan
between July 2010 and June 2011. The study complies with
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the current ethical considerations. Informed consent was
obtained from each patient or parents of the minors included
in the study, and the study protocol conforms to the ethical
guidelines of the 1975 Declaration of Helsinki as reflected
in a priori approval by the institution’s Human Research
Committee.

After history taking, physical examination, chest
radiography, and ECG, patients with heart failure, bundle
branch block, Wolf-Parkinson-White (WPW), valvular heart
disease, structural disorders, and endocrine and metabolic
disorders were excluded from the study. The number of the
sample population was determined on the basis of a pilot
study and literature references.! In total, 82 patients were
selected. The study was conducted on patients over 10 years
of age.

The main characteristics of the patients were comprised
of age over 10 years, regular use of Deferoxamine chellator
(DFO) from the time of diagnosis (at least 5 times per week
with a dose of 50 mg/kg/day), regular referral to blood banks
to receive packed cell transfusions, hemoglobin before
transfusion of more than 9 g/dl, regular transfusion before
age 2 years old, and duration of chelating therapy more than
5 years.

This group of patients was thoroughly investigated by a
pediatric cardiologist using echocardiography (challenge
700 manufactured in Italy) with 3.5, 5.2, 5, and 3.5 MHz
transducers and with the M-mode, two-dimensional (2D),
and Doppler techniques.

The standard twelve-lead ECG was obtained from the
patients using FX?III, manufactured in Japan, at a speed of 25
mm/s. The body surface area (BSA) was calculated with the
following formula:”#

BSA (m?) =V height (cm) x weight (kg)/3600.

Echocardiography was obtained in supine position without
breathing retention in M-Mode view, parasternally at the tip
of the mitral valve. The left interventricular septal diameter
in diastole (LVSd), left ventricular end-diastolic diameter
(LVEDd), and left ventricular posterior wall diameter in
diastole (LVPWd) were obtained in M-mode. The left
ventricular mass index (LVMI) was calculated with the
following formula:

LVMI = 1.04 x 0.8 x [(LVSd + PWDd + LVEDd)*-
LVEDd*] + 0.6

Doppler view and M-Mode were registered at the speed of
50 mm/sec on paper. The ECG leads were located as follows,
making sure their correct positions were checked: the red lead
(AVR) on the right hand; the yellow lead (AVL) on the left
hand; the green lead (AVF) on the left foot; and the black
lead (neutral) on the right foot. The parasternal leads were
correctly positioned as follows: lead V1 in the 4" intercostal
position, on the right side of the sternum; lead V2 in the
4% intercostal position, on the left side of the sternum; lead
V3 between leads V2 and V4; lead V4 in the 5" intercostal
position, on the left mid clavicle line; lead V5 on the anterior
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left axillary line, at the level of lead V4; and lead V6 on the
left mid-axillary line, at the same level.

A standard twelve-lead ECG at the speed of 25 mm/sec
was obtained, and the LVMI was calculated via the following
formulas:!

In the male patients, we observed LVMI =[0.026 x (RaVL
+ SV3)] + (1.25 x weight) + 34.4, whereas in the female
patients we had LVMI = [0.020 x (RaVL + SV3)] + (1.12 x
weight) + 36.2.

For the statistical analyses, the statistical software SPSS
version 13.0 for Windows (SPSS Inc., Chicago, IL) was
used.

The independent samples t-test and Pearson correlation
coefficient were employed to measure the LVMI in the
comparison between the two above-mentioned methods. A p
value < 0.05 was considered statistically significant.

Results

The findings of this study on 82 patients, comprising 42
men and 40 women, were as follows:

The mean age of the patients was 16.9 + 3.38 years in the
female patients, 17.65 + 3.39 years in the male cases, and
17.28+ 3.38 years in the total population. The average weight
was 45.88 + 8.91 kilograms in the women, 50.32 + 10.99
kilograms in the men, and 48.15 £ 10.22 kilograms in the
total population (Table 1).

Table 1. General characteristics of the participants”

Age (y) 17.28+3.38
Weight (kg) 48.15+10.22
HR (beat/min) 87.50+12.23
SV (em?®) 92.60+63.16
CO (V/min) 7.86+2.41

CI (I/min/m?) 7.09+1.80
Systolic BP (mm Hg) 96.95+10.08
Diastolic BP (mm Hg) 70.18+6.75
Hemoglobin (g/dl) 10.16+0.88
Ferritin 3625.12+1821.96

‘Data are presented as mean+SD
HR, Heart rate; SV, Stroke volume; CO, Cardiac output; CI, Cardiac
index; BP, Blood pressure

Sensitivity, specificity, positive predictive value, and
negative predictive value in the ECG method in determining
the LVMI compared with echocardiography were 67%, 25%,
89%, and 7% in the females and 65%, 33%, 92%, 6% in the
males, and 67%, 14%, 89%, and 3% in the total population,
respectively.

The left ventricular diastolic diameter was 50.65 + 4.06
mm, septal thickness in diastole was 6.87 = 1.45 mm, and
the posterior wall thickness size in diastole was 4.19 + 0.94
mm (Table 2). The echocardiographic parameters of the right
heart are illustrated in Table 3.

Table 2. Echocardiographic parameters of the left heart in the participants”

MPI 0.58+0.12
IRT (ms) 117.0418.45
AT (ms) 63.08+21.38
DT (ms) 90.45+18.83
PEP (ms) 97.81+14.34
ET (ms) 259.78+24.70
EF (%) 60.8245.68
FS (%) 32.6044.44
LVSDD (mm) 6.87+1.45
PWDD (mm) 4.19+0.94
LVDD (mm) 50.65+4.06

“Data are presented as mean+SD

MPI, Myocardial performance index; IRT, Isovolumic relaxation time; AT,
Acceleration time; DT, Deceleration time; PEP, Pre-ejection period; ET,
Ejection time; EF, Ejection fraction; FS, Fractional shortening; LVSDD,
Left ventricular septal diameter in diastole; PWDD, Posterior wall thickness
diameter in diastole; LVDD, Left ventricular diameter in diastole

Table 3. Echocardiographic parameters of the right heart in the participants”

MPI 0.67+0.11
IRT (ms) 129.34+18.67
AT (ms) 67.17420.53
DT (ms) 96.11+15.25
PEP (ms) 95.91+10.08
ET (ms) 260.21+16.03

“Data are presented as mean+SD

MPI, Myocardial performance index; IRT, Isovolumic relaxation time; AT,
Acceleration time; DT, Deceleration time; PEP, Pre-ejection period; ET,
Ejection time
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Figure 1. The correlation between echocardiography and electrocardiogra-
phy in terms of the left ventricular mass index in the participants
LVMI-ECG, Left ventricular mass index by electrocardiography; LVMI-

Echo, Left ventricular mass index by echocardiography
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In this study, the two methods of echocardiography and
the ECG were evaluated for measuring the LVMI (mean =+
SD of left ventricular mass index by echocardiography and
electrocardiography was 104.86 + 21.65 gr/m*and 91.69 +
12.03 gr/m?, respectively): it became clear that there was a
significant difference between these two methods (R = 0.598;
p value = 0.0001).

The correlation coefficient test demonstrated a correlation
between echocardiography and the ECG in determining the
LVMI in the major thalassemia patients. Figure 1 depicts
the correlation between echocardiography and the ECG in
determining the LVMI in our study population.

Discussion

Conventional diagnostic methods for the diagnosis of
left ventricular hypertrophy include echocardiography and
the ECG. Diagnosis by the ECG is based on voltage and
wavelength, particularly QRS complex, in which the absolute
value on the standard twelve-lead ECG is expected to rise
in left ventricular hypertrophy. The principle of diagnosis
by echocardiography is based on the direct observation of
the heart via an echocardiograph and measurement of the
essential parameters for calculating the LVMI and the left
ventricular functional index.

In this study, we evaluated the diagnostic value of the ECG,
in comparison with echocardiography, in measuring the LVMI
in major thalassemia patients over 10 years old. The LVMI,
which is calculated by echocardiography, was considered a
gold standard for the comparison of the two methods. Fogel
and colleagues’ considered an ECG study of 12 patients who
had undergone surgery because of a significant stenosis in
their left ventricular outflow tract and another 12 patients
who had undergone heart catheterization or surgery because
of ventricular septal defect (VSD) and then compared them
with a 21-patient controlled group, whose LVMI had been
measured via echocardiography. This comparison showed that
the posterior wall septum thickness and the left ventricular
chamber size in the AS patients were clearly larger than those
of the controlled group. Nevertheless, in the VSD group, only
the left ventricular size was larger than that of the controlled
group. The authors concluded that using the conventional ECG
criteria for diagnosing left ventricular hypertrophy was of the
highest sensitivity in the AS group (67%) and of moderate
sensitivity in the VSD group (60%). In addition, there was no
relation between the ECG voltage and anatomic information
or measurable hemodynamic data via echocardiography. The
conventional criteria of the ECG in children for diagnosing
left ventricular hypertrophy had only a modest sensitivity for
this purpose, not taking the pressure or volume overload of
the heart into account. Furthermore, since the left ventricular
mass is measurable accurately by echocardiography, the ECG
criteria should be used with caution. These findings chime in
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with the results of our study. Tsiachris et al.'® demonstrated
that age should be thought in reserve into consideration
when choosing suitable ECG criteria for the recognition
of left ventricular hypertrophy. Indexation of the LVMI
distinguishes the diagnostic ability of the ECG criteria,
especially in older patients. There was a slight correlation
between our study and that of Tsiachris et al. Truong et al."!
showed that not only did these ECG criteria have satisfactory
test profiles due to their high specificity and test-positive
likelihood ratios when compared to the reference standard
of cardiac CT, but also they were associated with CT-based
left ventricular hypertrophy and had augmentation predictive
values for detecting CT-based left ventricular hypertrophy
outside that of the history of hypertension. Of these ECG
criteria, the three Cornell-based criteria delivered the greatest
test presentation for finding patients with left ventricular
hypertrophy. Our study revealed almost similar results to
those of the Truong et al. study.

The patients’ weight in our study, compared with that of
the study of Rautaharju and colleagues, was low. The LVMI
in the Rantaharju and colleagues study was more than the
calculated index in our study regarding the weight of the
patients; this is in direct relation to the left ventricular mass
in the calculation formula of the LVMI through the ECG."?
With respect to the patients’ age and weight, the LVMI
determined by echocardiography and the ECG in our study
was lower than that of the study of Moyosi and colleagues
in 2002. In our study, the age and weight of the patients were
lower than those in the above-mentioned study; given that the
patient’s weight is directly related to the LVMI calculation
by electrocardiography, an increase in age may be in tandem
with a rise in weight. In the Mayosi and colleagues study, the
average age was 52.4 + 13.5 years and the average weight
was 76.8 + 14.8 kilograms, whereas our study population had
an average age of 17.28 + 3.38 years and an average weight of
48.5 £ 10.22 kilograms.! Killian et al.'* showed that the ECG
was a poor screening test for the evaluation of left ventricular
hypertrophy and concluded that in the pediatric group, the
standard twelve-lead ECG had a low sensitivity and low
negative predictive value for detecting left ventricular
hypertrophy. These findings are useful for physiological left
ventricular hypertrophy and should not be extrapolated for
the evaluation of hypertrophic cardiomyopathy.

In regard to sensitivity and specificity, there are no
comparison studies in these methods on children. Be that as it
may, Sau and colleagues in 1993 studied patients with no signs
of major thalassemia, who were under regular transfusion and
chellator therapy, and observed that in the echocardiographic
investigation of LVEDd, the inter ventricular septum and
posterior wall size had increased in diastole. All these
three parameters were the calculating components of the
LV mass and that is why the LV mass in these patients had
increased.'* Also, Favlli et al.® in 1993 reported that the LVMI
in thalassemia children, compared with a control group, had
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a significant increase. In our study, in line with the study of
Sau et al.'” in 1995, clinical investigation, chest X-ray, and the
ECG showed no significant changes but similar to the study
of Sau and colleagues, echocardiography was more reliable
in calculating the LVMI. Magri et al. in 2007' demonstrated
a weak relationship between the left ventricular mass and
QT-changes: this is not compatible with our findings and
further research is required in this regard. In the same study,
a direct relation was demonstrated between increasing
QTC and the LVMI. Rives and colleagues!’ reported that
the ECG had a very little diagnostic value in determining
left ventricular hypertrophy and that echocardiography
would be more accurate for determining left ventricular
hypertrophy. Sundstrom and colleagues in 2001'% argued
that echocardiography and the ECG could be utilized to
determine left ventricular hypertrophy and prevent mortality
caused by non-dependent cardiovascular risk factors; the
authors recommended the simultaneous use of both methods.
Elsewhere, Buchner and coworkers suggested that the
Sokolow-Lyon index was possibly the most widely used
ECG score for left ventricular hypertrophy. In the current
study, the Sokolow-Lyon index also showed a reasonable
relationship with cardiac structural parameters and the LVMI.
Nevertheless, the sensitivity and negative predictive value
for the Sokolow-Lyon index were relatively poor, whereas
the specificity and positive predictive value were rather high.
This may be due to the relatively high LVMI of the patients
with a positive Sokolow-Lyon index in comparison to the
LVMI of the normal subjects.

Conclusion

Echocardiography was a more reliable and accurate method
than the ECG in determining the LVMI in our study population
of major thalassemia patients. Still, where echocardiography
cannot be readily available, the ECG can be drawn upon to
determine the LVMI in these patients.
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