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W'ETEEY Our objective was to investigate the cardi-
ac status of patients with b-thalassemia major who
received regular transfusions and chelation therapy,
to assess the incidence of subclinical abnormalities
of the myocardium and to study the relationship bet-
ween the above possible disorders and age, serum
hemoglobin and ferritin levels, duration and compli-
ance to chelation therapy. Ninety three b-thalasse-
mia major patients aged 2.5 to 18 years old and for-
ty-three age and sex matched controls (3-17 years
od) were studied. The cardiac evaluation included a
clinical examination, x-ray films of the chest, electro-
cardiography and echocardiography. The cardiotho-
racic ratio was increased in 7/93 patients (8%) and
electrocardiographic abnormalities were present in
11/93 patients (12%). Echocardiographic abnor-
malities were observed in 8/93 patients (9%) and
three of them suffered from dilated cardiomyopathy.
B-thalassemia patients had also increased mean left
ventricular end-diastolic diamension (LVDd), left ven-
tricular mass and mass index compared to controls,

INTRODUCTION

The introduction of highly controlled regimen
of blood transfusions and chelation therapy has
substantially improved the survival rate of beta-
thalassemia major patients, as it delays the appe-
arance of hemosiderosis effects in the myocardium.
Nevertheless, cardiac involvement remains the
most frequent cause of death among these patients
(63%) and the early mortality rate remains eleva-

while mean ejection fraction and fractional shortening
were decreased. In Doppler echocardiographic mea-
surements there was an increased mean rate of dece-
laration of flow velocity (EF slope), increased mean ra-
tio between early and late peaks of flow velocity (E/A)
and decreased mean deceleration time (dt). 1) The
majority of patients with b-thalassemia major who
receive regular transfusions and chelation therapy,
have no serious cardiac involvement until the age of
eighteen years old. 2) The earliest signs of dilated car-
diomyophathy in echocardiography are the increased
LVDd and mass index and in Doppler echocardio-
graphy the increased EF slope, the increased E/A and
the decreased dt. 3) Patients with higher serum ferritin
levels had higher mean LVDd, while mean ejection fra-
ction and fraction of shortening were lower. 4) The
compliant patients to chelation therapy had a lower
incidence of overt cardiac disease than non-compliant
patients.
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ted, even when patients are treated with desfer-
rioxamine (DFO)!2,

Our objective was to investigate the cardiac
status of patients with b-thalassemia major recei-
ving regular transfusions and chelation therapy, to
assess the incidence of subclinical abnormalities of
the myocardium and to study the relationship bet-
ween the above possible disorders and age, serum
hemoglobin, serum ferritin levels, duration and
compliance to chelation therapy.
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SUBJECTS AND METHODS

In this progressive study ninety three patients, 51 boys
and 42 girls, aged 2.5 to 18 years old (mean age 11.9 * 4.6
years) affected by the homozygous form of b-thalassemia
major, were studied. All patients were receiving regular
blood transfusions in order to maintain their hemoglobin
levels above 10 g/dl and they started chelation therapy with
DFO in serum ferritin level up to 1000 ng/ml.

Compliance to chelation therapy, as well as the total
number of blood transfusions, mean post-transfusional he-
moglobin levels and mean serum ferritin levels were recor-
ded in each patient’s file. The mean hemoglobin level and the
mean serum ferritin level derived from the corresponding
mean values over the last 5 years. As for the compliance to
chelation therapy, patients were characterized as compliant
(chelation therapy 5-6 times a week), moderately compliant
(chelation therapy 4-5 times a week) and non-compliant
(chelation therapy less than three times a week).

Forty-three normal individuals (21 boys and 22 girls), a-
ged 3-17 years old (mean age 11.1+4.1 years) were selected as
control subjects. They were healthy and they did not have ane-
mia or any clinical, radiological, electrocardiographic or echo-
cardiographic evidence of congenital or acquired heart disease.

Patients and control subjects underwent an evaluation
that included a complete medical history, clinical examina-
tion, posteroanterior x-ray film of the chest, electrocardio-
graphy (ECG) and echocardiography. The height and weight
of each patient and of each control subject was recorded and
the body surface area was calculated.

Clinical examination and echocardiography were ob-
tained in all patients within 48 hours after the blood transfusion,
so that Doppler diastolic indices were not influenced by possible
changes in ventricular loading®. The posteroanterior x-ray films
were reviewed in order to calculate the cardiac to thoracic ratio.
A ratio >55% in infants and young children and >50% in older
children, was considered as cardiomegaly*.

Left ventricular hypertrophy on the ECG was esti-
mated according to Garson criteria in patients younger than
15 years old® and according to Romhilt & Estes criteria for
patients older than 15 years old®.

The echocardiographic study (M-mode, two-dimensio-
nal and Doppler) was obtained using 5 MHz captors in yo-
unger children and 3.5 MHz captors in older ones. M-mode
measurements of the systolic function of left ventricle were
obtained according to the recommendations of the American
Society of Echocardiography’. The curves of the blood flow
velocity through the mitral valve were recorded with a pulsed
Doppler ultrasound from an apical four-chamber view, in
order to estimate the diastolic function of the left ventricle.
The sample volume was placed between the tips of the mitral
leaflets, about 1 cm below the valve, at the point where the
maximal flow velocity in early diastole was obtained®. The
obtained echocardiographic measurements (M-Mode, 2D
and Doppler) are summarized in Table 1.

STATISTICAL ANALYSIS

Statistical analysis was performed using the
SPSS for Windows 95 and StatCalc by Epilnfo 2000

Table 1. Echocardiographic measurements in patients with
b-thalassemia major

M-mode measurements:

Left Ventricle Diameter Diastole (LVDd)

Left Ventricle Diameter Systole (LVDs)

Intraventricular Septum Diastolic diameter (IVSd)
Intraventricular Septum Systolic diameter (IVSs)

Left ventricular posterior wall thickness in diastole (LVPWd)
Fraction of Shortening (FS)

Left Atrial Cavity Diameter (LA)

Left Ventricle Mass (Mass)

Left Ventricle Mass Index (Mass Index)

2D measurements:

Left Ventricle Diastolic Volume (LVD Vol)

Left Ventricle Systolic Volume (LVS Vol)

Left Ventricular Ejection Fraction (EF)

Doppler measurements:

Peak mitral flow velocity in early diastole (E)

Peak flow velocity during atrial contraction (A)

Rate of deceleration of flow velocity in early diastole (EF
slope)

Flow velocity deceleration time (dt)

Ratio between the early and late peaks of flow velocity (E/A ratio)

programs. Results are presented as means*SD.
The normal distribution goodness of fit of the qu-
antitative variables was checked, using the Kolmo-
gorov - Smirnov non-parametric test. For the bio-
statistical hypothesis tests, we applied either the
parametric method of student t-test for indepen-
dent samples, or the analysis of variance (ANO-
VA), depending on the nature of the comparison.
Finally, multiple regression models were applied in
order to define the independently related variants
with ferritin levels’. A value of p<0.05 was conside-
red statistically significant.

RESULTS

The mean value of body weight, height and
body surface of b-thalassemia patients was lower
than control subjects, without a significant statisti-
cal difference (Table 2).

The cardiothoracic ratio was increased in 7/93
patients (8%). Electrocardiographic abnormalities
were present in eleven out of the 93 patients (12%),
but only seven children out of these eleven, aged
>15 years, had serious abnormalities in their ECG
(left ventricular hypertrophy, ventricular prematu-
re beats, atrial flutter and fibrillation). A dilated
cardiomyopathy (DC) was detected by ultrasound
in three patients with cardiomegaly and severe
electrocardiographical abnormalities.
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Table 2. Variations of weight, height and body surface area
in healthy subjects and b-thalassemia major patients

Healthy Patients
Mean SD Mean SD P
Body Weight (Kg) 43.31 16.68 39.32 1445 NS
Body Height (cm)  145.6  23.12 14475 20.08 NS

Body Surface (m?) 131 036 125 032 NS

Ultrasound evaluation of left ventricle
systolic function

An increased left ventricular end-diastolic dia-
meter (LVDd) was established in six out of the 93 pa-
tients (6.5%), three of which were suffering from DC.

The mean values of LVDd, LVDs, IVSs, LV
PWd and LA were increased in patients compared
to controls, without a statistically significant diffe-
rence (Table 3).

Ejection fraction (EF) and fraction of shor-
tening (FS) ranged in normal values in all patients,
except of two, who were suffering from DC and
finally died. Their mean values, however, were lo-
wer among the patients compared to controls, with
a significant statistical difference (p<0.01).

The mean value of left ventricular mass was
higher in patients, with a non-significant statistical
difference (p=0.21), while the mean value of left
ventricle mass index (MI) was greater in patients,
with a statistically significant difference (p<0.05)
(Table 3). It was also noted that as the age increa-

Table 3. M-Mode, 2D and Doppler echocardiographic re-
sults in healthy subjects and b-thalassemia major patients.

Healthy Patients
Mean SD Mean sD p
LvDd 42.50 570  43.89 6.11 NS
LVDs 26.15 443  27.77 7.21 NS
IVSd 8.25 1.65 8.16 1.68 NS
IVSs 11.13 1.71 11.48 2.04 NS
LVPWd 7.67 1.36 8.28 1.73  <0.05
FS 37.90 3.40 3559 474  <0.01
LA 28.07 399 28.68 3.98 NS
Mass 120.21  50.36 132.80 55.47 NS
Mass Index 90.85  20.18 10274 29.05 <0.05
LvDVol 83.28 2670  89.41 29.37 NS
LVSVol 26.58 973 3184 15.08 <0.05
EF 68.26 418  65.04 6.61  <0.01
E 85.98 11.73  84.37 14.73 NS
A 37.81 712 36.76 9.31 NS
EF slope 806.64 130.36 831.34 169.22 NS
dt 107.67 13.06 103.04 16.49 <0.05

E/A ratio 2.33 0.45 2.40 0.57 NS

ses, MI increases too with a statistically significant
difference (p<0.05) in patients, while the differen-
ce is not statistically significant (p=0.32) in control
subjects (Fig. 1).

Other echocardiographic findings in b-thalas-
semia major patients were mitral valve prolapse in 8
patients, mild mitral valve insufficiency in 4 patients,
mild to moderate tricuspid insufficiency in 4 patients
and mild pulmonary insufficiency in 1 patient.

Ultrasound evaluation of left ventricle
diastolic function

Three out of the 93 patients with b-thalassemia
presented diastolic abnormalities. More specifical-
ly, abnormal relaxation pattern (1A, |E/A,1dt)
was noted in one patient who suffered from DC.
Left ventricular restrictive abnormalities (| A, TE/
A, | dt) were noted in the other two patients who
suffered from DC and died.

The mean value of the rate of deceleration of
flow velocity in early diastole (EF slope) and the ra-
tio between the early and late peaks of flow velocity
(E/A ratio) where higher in our patients, compared
to control subjects, without a statistically significant
difference. On the contrary, the mean value of the
flow velocity decelaration time (dt) was lower in pati-
ents, with a significant statistical difference (p<0.05).

Consequently, eight out of 93 patients with b-
thalassemia (9%), all aged 10 years and older, pre-
sented pathological indices in their echocardiogra-
phic study of left ventricle.

Other statistical comparisons

The patients with the highest hemoglobin le-
vels before transfusion presented a lower cardio-
thoracic ratio (Fig. 2).

For the group of patients we observed increase
of the M-mode echocardiographic parameters as
the years of chelation therapy were increasing (p<
0.001). As far as the ferritin levels there was a
statistical significant correlation only with the left
atrium diameter (LA) and LVDs (p<0.05), while
the EF and FS were decreasing in a non significant
statistical rate as the ferritin was increasing.

Furthermore there was a positive correlation
between compliance of patients and EF and FS, but
without a significant statistical difference. On the
other hand as compliance increased LA, LVDd and
LVDs decreased with a significant statistical dif-
ference (p<0.05).



KAPAIOAOTIIA 2-3

135

200

GROUP
.1
-0

10

20

AGE
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Fig. 2. Relationship between the cardiothoracic ratio (KARDIA) and post-transfusional hemoglobin (HBO) in b-thalas-

semia major patients.

DISCUSSION

Studies on the cardiological implication of pa-
tients with b-thalassemia that underwent chelation
therapy since the beginning of their disease are few
and relatively recent!%13. In these reports, it is no-
ted that there is an increase of survival after the
prompt implementation of chelation therapy.

An interesting finding before the extensive ap-
plication of chelation therapy was the great frequ-
ency of cardiomegaly (cardiothoracic ratio 32%
and 18%) and of pathological ECG (16% and
61%)'415. Also, in studies where the reported pa-
tients started chelation therapy in different ages,

the mean value of the body surface area was consi-
derably lower, with a significant statistical diffe-
renced13:16,

In the present study the mean value of body
surface area was lower in patients than in controls
without a statistically significant difference. We also
established cardiomegaly in only 8% of the patients,
and a pathological ECG in 12%. In addition, the
most serious echocardiographic abnormalities were
noted in patients above 15 years old, as well as in the
three patients with DC. The above results constitute
serious evidence that there is a significant decrease
of the pathological findings in patients receiving
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regular transfusions and chelation therapy.

Six out of the 93 patients (6.5%) had increased
LVDd. The mean value of EF and FS was lower in
patients compared to controls, with a statistically
significant difference (p<0.01). The lower value of
FS in patients might be due to the increase of the
LVDs. The mean value of MI was greater in pa-
tients than in controls with a statistically significant
difference (p<0.05), which is possible due to the
relatively smaller body surface that the b-thalas-
semia patients have.

In a previous echocardiographic study a dila-
ted cardiomyopathy was established in 4 out of the
76 patients aged 4 to 38 years old and an increased
LVDd in 8 out of the 76 patients. In this study there
was a group of patients that did not start chelation
therapy promptly!’.

Valdez-Cruz et al.!* followed 13 patients, aged
2to 15 years old , who started chelation therapy sin-
ce the beginning of their disease and they observed
that there was an increase of the LVDd and LVDs
in patients, with a statistically non-significant diffe-
rence compared to controls, as well as a decrease of
the FS with a statistically significant difference
(p<0.05).

Favilli et al compared 25 b-thalassemia major
patients (mean age of 15.8 + 5.7 years, with a re-
gular regimen of blood transfusions and chelation
therapy) to 25 healthy subjects. In this report the
mean value of LVDd and left ventriclular MI was
significantly increased in patients compared to
controls (p<0.001 and p<0.05 respectively). The
LVDd was also significantly increased even among
the patients with normal systolic function, com-
pared to controls!’. The higher mean value of
LVDd found in this study might be due to the gre-
ater age range of these patients.

Consequently, as far as the systolic function of
the left ventricle is concerned, it is apparent in our
study as well as in other previous studies, that de-
spite regular chelation therapy there is still an in-
crease of the LVDd as an early symptom of the in-
cipient DC. Patients with b-thalassemia major also
present an increased mean value of the cardiac M1,
while the mean values of FS and EF are lower a-
mong patients than in control subjects, before the
appearance of heart failure.

From the evaluation of the diastolic function
of left ventricle, we noted an increase of EF slope
and E/A ratio in our patients compared to controls,
without a significant statistical difference. On the

contrary, the mean value of dt was lower in pati-
ents, with a statistically significant difference (p<
0.05). This finding was attributed to the fact that
the b-thalassemia patients have a smaller body sur-
face area in comparison to the control group and it
is in agreement with an earlier study in a Greek
population®,

There are few reports on the diastolic left ven-
tricular function in the literature. Spirito et al'®
studied 32 b-thalassemia patients without cardiac
disease. Twenty of them started chelation therapy
at the age of 3 to 9 years old, 11 started older than
10 years, and one refused to undergo chelation
therapy. They noted that 50% of the patients had
pathological findings compared to the 32 healthy
control subjects: b-thalassemia patients presented
an increase of E wave (p<0.01), EF slope (p<
0.001), E/A ratio (p<0.001) and a decrease of dt
(p<0.001). Kremastinos et al.® also studied 88 b-
thalassemia patients who had started chelation the-
rapy in various ages, and 46 healthy control sub-
jects. In this report it was established that there was
a significant increase of E wave, A wave, and EF
slope, while the E/A ratio did not present a statisti-
cally significant difference. Left ventricular restri-
ctive abnormalities (1E/A and |dt) were establi-
shed in 7/88 patients (8%) all aged 20 years and
older and with elevated levels of serum ferritin. It is
apparent from the above study that the true restri-
ctive left ventricular filling abnormalities develop
in the advanced stages of the disease and that the
myocardial iron deposition has only a slight effect
on the left ventricle diastolic function indices until
the final stages of the disease.

In our study we had lower percentages of
pathological indices of the left ventricle diastolic
function, in comparison to earlier studies. Our fin-
dings were attributed to the younger ages of our pa-
tients and to the regular regimen of blood tran-
sfusions and chelation therapy. The earliest abnor-
mality that the b-thalassemia patients present is the
increase of the EF slope!®, a fact that was esta-
blished in our study as well.

As far as ferritin levels is concerned, it was e-
stablished in our study that the b-thalassemia pa-
tients with the worst compliance to chelation the-
rapy had higher ferritin levels. Moreover, as the
ferritin levels increased, all the M-mode echocar-
diographic indices increased too, while the EF and
FS were lower among the patients compared to
controls.



KAPAIOAOTIIA 2-3 137

According to Aldouri et al.', high ferritin le-
vels do not reflect the degree of cardiac hemosi-
derosis, because patients with similar iron loads dif-
fer in the degree of cardiac dysfunction. On the o-
ther hand, Lai et al.?’ showed that patients with
mean serum ferritin levels <1000 ng/ml had lower
incidence of complications (5% of them had cardi-
ac disease), while in patients with mean serum fer-
ritin levels >1000 ng/ml the overall risk of compli-
cations increased 10-fold (49% of them had cardiac
disease). We did not find any other such studies in
the literature.

In the multivariate analysis that was conducted
in our study, it was found that only ferritin levels
had a statistically significant difference to compli-
ance to chelation therapy. It was also established
that the group of patients with optimal compliance
to chelation therapy had fewer electrocardiogra-
phic and echocardiographic abnormalities, compa-
red to the less or non-compliant patients. Our last
finding is in agreement with the findings of other
authors?!-4,

CONCLUSIONS

In our study we were able to establish that the
majority of the children suffering from the homo-
zygous type of b-thalassemia receiving regular
transfusions and chelation therapy, have a normal
ECG and normal systolic and diastolic function of
the left ventricle, up to the age of eighteen years old.

The earliest echocardiographic findings that
were noted in the M-mode echocardiography in-
cluded increased LVDd and cardiac mass index,
while in Doppler echocardiography increased EF
slope, increased E/A ratio and decreased dt were
observed.

Patients with higher serum ferritin levels have
higher mean LVDd, as well as higher mean values
in other parameters in the M-mode echocardio-
graphy, while mean values of EF and FS are lower.

Finally, as far as the compliance to chelation
therapy is concerned, compliant patients have a lo-
wer incidence of overt cardiac disease than non-
compliant patients.

Based on this study it becomes apparent that
regular regimen of blood transfusions and chelati-
on therapy, combined with a good compliance, can
lower cardiac complications and delay the develop-
ment of cardiomyopathy.
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lMamadomoudou-NeyuméAov K, BapAdaung 2I, ABavaoiou-
Metayxa M, Kapapnépng Z, MaAaka-Zageipiou A. TIAfpRg
unepnxoypagikag EAEYXoc TG apioTePNg Kolhiag o€ mal-
816 pe B-Bahacompia. Cardiologia 2009, 2-3: 132-138.

2Komdg NG MEAETNG rTtav va eleyxBel n katd-
0TAOT) TOU HUoKapdiou Twv aocydvtwy and oudlu-
yn B-Meooyelakn avaia (B-MA) mou Bpiokovtav
0€ TAKTIKO TIPOYPAUUA HETAYYLIONG-AOOIdNPWwong
and v apxr| TG vooou, N avixveuon nmpoiuwy dla-
Tapayxwv g KapdLakng Aettoupyiag Kat N CUOXETL-
o1 TV KapdLOAOYIKWV EUPNUATWY [e TNV nAkia, Ta
enimeda g apoopalpivng Kat pepptrivng tou o-
pou, T didpkela anootdripwong Kat To Babud cup-
MOpPwoNg oe autrv. MeAetriOnkav 93 mdoxovteg
and opdluyn B-MA nAikiag 2,5-18 xpdvwv kat 43 u-
yij adid nAikiag 3-17 xpdvwv. O KapdloAoYIKAG €-
Aeyxog mepAdappBave KAWVIKY €EETaoT, TNAEAKTIVO-
ypagia kapdldg, NAeKTPOKapPdLIOYPAPN A Kal NX0-
kapdloypdpnua. O kapdlobwpakikdg deiktng Bpé-
Bnke au&nuévog oe 7/93 doxovteg (8%) kal abo-
Aoyikd euprjuata oto HKIM oe 11/93 (12%). Maboho-
YIKEQ TILEG OTN HEAETN TNG aploTePN KOWAag elxav
8/93 aobevelq (9%), Tpelg amnd Toug oroioug €na-
oxav arnd dlaratiky puokapdlomndbela. Ot ndoyo-
vTeq and B-Meooyelakr avaia eppaviav avgnon
™mg péoNng TG TNG TEAOJIAOTOAIKAG JlauETpou
Mg aptotepnig kokiag (LVDd), g pdlag tng apt-
oTepnG Kolag kat Tou deiktn pagag, evw n péon Ti-
WA Tou KAdopatog eEwBnong kat kAdopatog Bpd-
xuvong frav ehattwuévn. 1o Doppler mapatnpen-
Bnke av&non g péong Trig ™g EF khiong kat g
oxéong E/A, kaBwg eniong eAdTtwon g peong Ti-
MG Tou Xpdvou emiBpdaduvong (dt). 1)Ot meplocd-
Tepol aobevelg Tou PBplokovral oe TaKTKO TIPO-
Ypaupa petdyylong-anooidnpwong and v apxn
NG vOoOU €XOUV OTO MEYAAUTEPO TTIOCOOTO PUOLO-
AOYIKA Kapdlakn Aettoupyia péxpt v nAkia twv 18
Xpovwv. 2) Ta Tio MEWILA EUPTHATA EVIEIKTIKA TNG
apxdpevng dlatatikhg Huokapdlondbelag eival
auénon g LVDd kat tou deiktn kapdlakng pdadag,
evw oto Doppler n augnon g EF kAlong kat Tng
oxéong E/A, kabwg eniong n eAdttwon Tou dt. 3) Ot
aoBeveiq Tou €xouv UPNASTEPEG TLES PePPLTIVNG,
€xouv peyalUtepn péon Ty LVDd oto M-Mode
nxokapdloypdenua, eva n HEon T Tou KAAoua-
T0G eEWONoNGQ Kal KAAouatog Bpdxuvong eivat xa-
pUNASTEPEG. 4) Ot KaAUTEPA CUMUOPPOUEVOL aTBE-
velg éxouv kaAUTepn kapdlakn Aettoupyia and Toug

MN OUMUOP®OULEVOUG,.
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