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ABSTRACT

Background Thalassemia major (TM) is a transfusion-depen-
dent disease. Multiple transfusions cause an accumulation of iron
in the body. On the heart, iron can induce cardiomyopathy, the
leading cause of death in TM.

Objective To evaluate left ventricular functions and mass among
adolescents and young adults with TM.

Methods A cross-sectional study was conducted on 58 patients
with TM in Cipto Mangunkusumo Hospital, Jakarta. Hematological
data was collected from medical record. Left ventricular systolic func-
tions (EF, FS), diastolic functions (A, E, E/A ratio, IVRT), and mass
(LVDDi, LVDSI, LVMi) were detected using an echocardiography
Sonos 4500. T test, linier regression, and multiple regression analy-
sis were performed.

Results Out of 32 TM patients, 30 were enrolled to study. Left
ventricular systolic and diastolic functions of TM patients were lower
than those of the control and statistically significant [EF 66.1% (SD
4.9) and 71.6% (SD 5.6); P<0.0001, FS 36.0% (SD 3.7) and 39.8%
(SD 5.5); P=0.003, E/A 2.14 (SD 0.4) and 1.83 (SD 0.3); P=0.002,
respectively]. Left ventricular mass of TM patients was greater than
that of control, and also statistically significant [LVMi 111.1 g/m?
(SD 30.8) and 75.4 g/m? (SD 14.5); P<0.0001, respectively]. Linier
and multiple regression analysis showed significant and powerful
correlation between left ventricular diastolic functions (E/A ratio)
and serum ferritin concentration (r=0.71; P<0.0001).
Conclusion Left ventricular functions and mass of adolescents
and young adults with TM show abnormalities. The higher the con-
centration of ferritin serum is, the more likely for TM patient to suf-
fer from diastolic abnormality [Paediatr Indones 2006;46:214-219].
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halassemia B major (TM) is an inherited
hemoglobin disorder caused by failure of
B-globin chains synthesis. TM can lead to
chronic hemolytic anemia so that patient’s
life will depend on transfusion.! Cardiac complica-
tions such as heart failure and arrhythmias caused by
iron induced cardiomyopathy, are considered as the
primary cause of death in patients with TM.# Little is
known about pathophysiology of the heart involve-
ment in TM.> However the role of free radical hy-
droxyl in causing tissue damage has been widely ac-
cepted.®7 Left ventricular functions in patients with
TM have been detected by echocardiography. Never-
theless, these findings are somewhat conflicting.®”
The importance of echocardiography is getting
more visible when the ability to provide more sophis-
ticated equipment is limited. The technique used to
check heart functions of TM patients is the nuclear
study which is fairly sensitive and dependable. Yet,
this technology is extremely complex and too costly
to apply in developing countries.!'® The aim of this
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study was to evaluate left ventricular functions and
mass alterations, and to find a correlation between
echocardiographic findings and hematological data of
patients with TM.

Methods

A cross-sectional study on 32 children with TM
was conducted in Thalassemia Centre Cipto
Mangunkusumo (CM) Hospital, Jakarta, from Au-
gust 2005 to December 2005. Ethical approval was
obtained from the Medical Ethics Committee,
Medical School, University of Indonesia. Adoles-
cents and young adults with TM who received
multiple blood transfusions included in this study.
Twenty-five healthy adolescents and young adults
were employed as control. The minimal number of
subjects needed for this research was 28. The sub-
jects were included if they had no clinical signs of
cardiac dysfunction or pulmonary hypertension on
echocardiography and had approval from their par-
ents or guardian. The subjects were excluded if they
were suffering from any other congenital malfor-
mations, taking cardio-active drugs, and present-
ing major endocrine disorders such as diabetes or
hypothyroidism.

The following clinical and hematological data
were obtained: age at diagnosis, mean pretransfusion
hemoglobin concentration during the previous year,
mean serum ferritin concentration, total blood trans-
fusion, history of splenectomy, and compliance to
chelating therapy.

We used Agilent Sonos 4500 with 8 MHz trans-
ducer for echocardiographic examination. Complete
cross-sectional echocardiography imaging of all cardiac

chambers was done to exclude congenital abnormali-
ties and significant valve lesions. Echo Doppler and M-
mode were used to evaluate left ventricular systolic
functions: ejection fraction (EF), fractional shortening
(FS), diastolic functions: A, E, E/A ratio, isovolemic
relaxation time (IVRT), and left ventricular mass: left
ventricular diastolic dimension index (LVDDi), left
ventricular systolic dimension index (LVSDi), left ven-
tricular mass index (LVMi). Every subject was exam-
ined by two observers; each of them gave 3 examina-
tions recorded into a VHS video tape. The reported
results were the average of all examinations.

The statistic program used for data processing
was SPSS version 10. Data was presented as mean
(SD). Two samples of t test were used to assess the
differences between the variables in patients with TM
and control subjects. Differences were considered sig-
nificant at a probability value of P<0.05. Hemato-
logical and echocardiography findings were tested
using linear regression analysis, hematological data,
and E/A ratio of the left ventricular was tested using
multiple regression analysis.

Results

From 58 subjects participating in the study, 32 were
males and 26 were females. Thirty-three subjects were
adolescents and the others were young adults. Two
subjects with TM were excluded from the study be-
cause one of them suffered from VSD, and the other
one was on the medication of heart disease (digitalis
and furosemide).

Demographic data of TM and healthy controls
are summarized in Table 1. Weight, height, and body
surface area were significantly smaller in TM. Systolic,

TaBLE 1. DEMOGRAPHIC DATA OF TM PATIENTS AND CONTROL

Variable TM (n=30) Control (n=28) P
Age (years) 18.1 (5.1) 17.7 (5.3) 0.73
Body weight (kg/s) 35.3 (8.8) 41.4 (10.9) 0.022
Body weight (cm/s) 146.5 (11.9) 153.3 (12.7) 0.043
BSA (m?2) 1.19 (0.19) 1.31 (0.22) 0.034
SBP (mmHg) 102.7 (8.1) 108.4 (8.9) 0.014
DBP (mmHg) 60.2 (9.8) 70.5 (6.7) <0.0001
MBP (mmHg) 82.3 (9.2) 89.8 (6.9) 0.001
HR (times/m) 100.1 (13.6) 75.3 (9.4) <0.0001

Value is mean (SD), BSA = body surface area, SBP = systolic blood pressure, DBP = diastolic blood pres-

sure, MBP = mean blood pressure, HR = heart rate.
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diastolic, and mean blood pressure were lower in TM,
while heart rate was faster. The hematological data of
the TM patients are shown in Table 2. The mean of
pretransfusion hemoglobin concentration was 7.4 (SD
0.8) g/dl, and the mean of serum ferritin concentra-
tion was 7301.9 (SD 3788.2) ng/ml. Only a third of
these patients showed good compliance to iron chelat-
ing treatment. Seven patients had undergone sple-
nectomy.

In the TM patients, EF and FS were decreasing
and smaller than the control. Concerning diastolic
functions, significant differences were found in all
variables, except for the variable A (P>0.05). The
mean of E, E/A ratio and IVRT of TM were greater
than the control. We also found significant difference
of left ventricle mass, systolic and diastolic dimensions
which was corrected with the body surface area, be-
tween the TM and the control (P<0.05) (Table 3).

A strong and significant correlation was found
between E/A ratio and the serum ferritin concentra-
tion (r=0.71; P<0.0001) (Figure 1). There was no
correlation between EF and serum ferritin concen-
tration (r=-0.16; P=0.933) as was the correlation be-

TaBLE 2. HEMATOLOGICAL DATA OF TM PATIENTS

Age at the time of diagnosis, yrs 1.4 (1.5)
Duration of illness, yrs 16.7 (4.9)
Hemoglobin, g/dl 7.4 (0.8)
Ferritin serum, ng/ml 7301.9 (3788.2)
Duration of transfusion treatment, yrs 15.8 (5.3)

Total blood transfusion, ml 85189.5 (43087.8)

Splenectomy, yes/no 7/23
Iron chelating therapy, yes/no 30/0
Duration of iron chelating therapy, yrs 10.1 (5.7)
Compliance to iron chelating therapy, yes/no 10/20

Value is mean (SD)

tween LVMi and serum ferritin concentration
(r=0.135; P=0.238). The results of multiple linear
regression analysis of E/A ratio in TM are shown in
Table 4. Only serum ferritin concentration showed a
strong correlation with E/A ratio (regression coeffi-
cient f=0.71).

TaABLE 4. THE RESULTS OF MULTIVARIATE REGRESSION ANALY-
SIS TOWARDS E/A RATIO DETERMINANT IN TM

Variable Regression P
coefficient g
Age at the time of diagnosis -0.21 0.132
Duration of illness 0.11 0.280
Hemoglobin 0.24 0.922
Ferritin serum 0.71 <0.0001
Duration of transfusion 0.49 0.398
Total blood transfusion 0.17 0.184
Iron chelating therapy 0.16 0.189
Discussion

Recent study found that mean of pretransfusion he-
moglobin concentration in TM patients was 7.4 g/dl
and was the lowest among that of other studies.!1-13
This is much unpleasant, because chronic anemia state
leads to awful cardiovascular effect.!*1> In contrast,
serum ferritin concentration of TM in our study
(7301.9 ng/ml) is the highest compared to that of other
studies.!!"13 This condition is also unfavorable. Ac-
cording to Olivieri study,'® cardiovascular condition
of TM patients would be very good if ferritin concen-
tration could be kept less than 2500 ng/ml. This value
had been fixed as a ‘safe’ concentration. We also de-
tected that only three of TM patients were compli-

TaBLE 3. CARDIOLOGY DATA OF TM PATIENTS

Variable TM (n=30) Control (n=28) P
Systolic functions
EF, % 66.1 (4.9) 71.6 (5.6) <0.0001
FS, % 36.0 (3.7) 39.8 (5.5) 0.003
Diastolic functions
E, cm/s 118.6 (15.2) 95.9 (14.7) <0.0001
A, cm/s 56.7 (9.8) 52.6 (8.8) 0.102
E/A ratio 2.14 (0.4) 1.83 (0.3) 0.002
IVRT, msec 72.7 (12.7) 62.0 (7.9) <0.0001
Mass
LVDDi, mm 35.1 (5.4) 31.4 (4.8) 0.008
LVDSi, mm 22.1 (3.6) 18.9 (3.5) 0.001
LVMi, g/m2 111.1 (30.8) 75.4 (14.5) <0.001

Value is mean (SD)
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Ficure 1. CORRELATION BETWEEN E/A RATIO AND SERUM FERRITIN CONCENTRATION

ance to the proper use of deferoxamine, which was
very different from that of Olivieri et al.!” This study
showed that left ventricular systolic and diastolic func-
tions of TM were significantly lower than those of the
control. This result is consistent with that reported
by others. 11121819

This study showed that in adolescents and young
adults with TM with no clinical signs of cardiopul-
monary involvement, there were alterations and ab-
normalities of left ventricular functions and mass. The
decrease in left ventricular systolic performance is
caused by increase in the afterload and a decrease in
contractile state, and this may be secondary to iron
toxicity.1220-22

In the study of left ventricular diastolic func-
tions, an increase in E/A ratio indicated a decrease in
left ventricular compliance, as a characteristic sign of
restrictive myocardium process.2>24 The results of our
study correspond with that of other studies.”11:12:25.26
In contrast, no alteration of left ventricular compli-
ance was reported in early stage of the disease as found
by Kremastinos et al.82" According to Spirito,’ the
decrease of left ventricular compliance lead to dias-
tolic dysfunctions because of myocardium damage
which is induced by iron toxicity. Our study found
that diastolic abnormality of left ventricle started to
appear in the second decade of TM life and it could

be found before other manifestations exist such as
systolic abnormality and clinical sign of heart failure.

We also found that left ventricular mass in TM
was significantly heavier than that of control. Henry
found that an increase of thickness of wall and mass
was a typical features TM.28 Our study’s results were
similar with those of other studies.!'1225.29 [n patients
with TM, left ventricular resizing can be induced by
intensive iron chelating therapy done in the right pro-
cedures.3031

We found strong and significant correlation be-
tween E/A ratio and serum ferritin concentration
(r=0.71; P>0.0001). We also found a regression equa-
tion: E/A=1.55140.0001%* serum ferritin. It means
that the higher serum ferritin concentration, the
higher the E/A ratio is and the more likely TM pa-
tients to experience diastolic dysfunctions. No other
hematological data were significantly and strongly
correlated to echocardiography findings. This finding
differs from that of Bosi et al.1? Patients with high se-
rum ferritin concentration had low EF (r=-0.23 with
P<0.001). From Bosi’s study!'? and ours, we note that
serum ferritin was a predictive factor, but the study of
Piga et al’? showed a contradictory results. They found
that the serum ferritin concentration was not a pre-
dictor for the development of heart dysfunctions in
TM patients.
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We conclude that left ventricular functions and

mass of adolescents and young adults with TM show
alterations and abnormalities. The higher the serum
ferritin concentration, the more likely TM patients
to suffer from diastolic dysfunctions.
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