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Abstract 
The effects on linear growth and development among thalassemic patients under diffe­

rent treatment regimens were compared. Twelve homozygous ~-thalassemia (homozygous ~-thai) 
and 36 ~-thalassemia!Hb E (~-thal/Hb E) were studied longitudinally between 1977 and 1998. 
Eighteen cases (10 homozygous ~-thai and 8 ~-thal/Hb E) received hypertransfusion with iron 
chelation by desferrioxamine. Another 30 cases (2 homozygous ~-thai and 28 ~-thal/Hb E) were 
given a low transfusion (depending on their clinical requirement). Their heights were measured 
serially and are presented as a standard deviation score (SDS). There was no significant difference 
in initial basic hematological data and ferritin levels between either group. However, the hyper­
transfused group, seemed to be clinically more severely affected than the other group as evidenced 
by early age at initial transfusion, the early onset of anemia and diagnosis and also their large 
acquired iron load after a period of transfusion. 

The average height SDS of the hypertransfused patients was within the 50'h percentile ± 1 
SD during the first decade of life in both sexes and both genotypes. Whereas, in patients who were 
transfused infrequently, the SDS was always below the -I SD and decreased gradually. In severe 
~-thal/Hb E cases, their growth SDS showed no difference from those with homozygous ~-thai. 

Normal linear growth in those with homozygous ~-thai and severe ~-thal/Hb E was only 
seen in the group that underwent hypertransfusion and this regimen contributed to normal growth 
during the first ten years of life. However, adequate iron chelation and hormonal treatment in these 
patients were also required in order to achieve normal adult height. 
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Growth retardation and delay or absence 
of pubertal development are common findings in 
untreated thalassemic patients, especially those with 
homozygous ~-thai. Chronic hypoxia(l,2) and hor­
monal dysfunction such as growth hormone and sex 
steroids have been implicated as the cause in these 
patients, but other factors that could adversely in­
fluence growth have also been suggested(3-5). 

Early, regular (maintenance) blood trans­
fusion aims to keep the hemoglobin (Hb) level of 
thalassemic patients in the normal range with a mean 
Hb of 12 g/dL(6). This transfusion regimen can pre­
vent hypoxemia, reduces compensatory bone marrow 
hyperplasia, prevents many consequences due to 
anemia and promotes normal physical activity and 
growth. However, recent evidence from many studies 
still demonstrates interference in growth and pubertal 
development(7-9), especially in adolescents who 
have undergone multiple transfusions for ~-thalas­
semia. Iron overload due to multiple blood trans­
fusions and the toxic effects of desferrioxamine 
therapy on spinal cartilage( 10) have been suggested 
as possible causes of linear growth failure. 

In Thailand, due to the high prevalence of 
thalassemia (thai) and other hemoglobinopathies, 
interaction of these abnormal genes has led to ~ore 
than 60 reported genotypes of the thalassemia syn­
dromeOl-13). 

The most common beta-thalassemia syn­
drome in Thailand and other countries in this region 
is ~-thal/Hb E disease with an estimated 97,500 
patients in Thailand. Nevertheless, the natural his­
tory and clinical course of this syndrome is still 
unclear due to its genetic heterogeneity and many 
factors that modify its phenotype(l4). 

There are few reports in the literature con­
cerning growth and its disturbance in this type of 
thalassemia as well as the effects of transfusion on 
linear growth in such patients(15-21). 

In this study, the effects on growth under 
different transfusion and iron chelation regimens 
were retrospectively and longitudinally investigated 
in two types of transfusion dependent thalassemia 
i.e. homozygous ~-thai and ~-thal/Hb E disease. 

PATIENTS AND PROFILE 
This study included 12 patients with homo­

zygous ~-thai (8 males and 4 females) and 36 patients 
with severe ~-thal/Hb E (18 males and 18 females) 
who registered between 1978 and 1994 and were 
regularly followed at the Thalassemia Clinic, Depart-
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ment of Pediatrics, Faculty of Medicine Siriraj Hos­
pital, Bangkok, Thailand until 30 March 1999. All 
were alive at the time of study. 

The diagnosis of thalassemia was per­
formed on the basis of clinical and laboratory find­
ings as previously described(12). In cases of ~-thai/ 
Hb E disease, due to the variation of the clinical 
course, the criteria to designate severe cases in­
cluded presentation before 2 years of age, a hemo­
globin consistently less than 7 g/dL and clinical 
symptoms of anemia, such as inadequate growth, 
were used for enrolling cases to the regular trans­
fusion regimen(6). 

Transfusion Regimens 
Regular high transfusion (group I) was pro­

vided to 10 patients with homozygous ~-thai (7 
males and 3 females) and 8 patients with ~-thal/Hb 
E (3 males and 5 females). All patients were regu­
larly transfused with leukocyte poor packed red cells 
(LPB) at a pre-transfusion Hb level of 10 g/dL every 
2-4 weeks(22). They also received premedication 
with furosemide, acetaminophen and chlorphenira­
mine at the standard dosage(23). The ages of the 
patients in this group (I) ranged from 4 to 14 years 
(median 10) and one case (~-tha1/Hb E male) was 
splenectomized at the age of 4 years. 

Occasional transfusion (group II) was pro­
vided to 2 patients with homozygous ~-thai (1 male, 
1 female) who could not follow the regular trans­
fusion program and 28 patients with ~-thal/Hb E 
(15 males, 13 females). The patients in this group 
were transfused occasionally when th~y developed 
symptoms of anemia, such as fatigue, as paliative 
therapy. In general, the pre-transfusion Hb in this 
group was between 6-7 g/dL and they were fol­
lowed-up every 8-12 weeks. The type of blood pro­
duct and method of transfusion was the same as in 
the high transfusion group. The age of the patients 
in this group (II) ranged from 8.25 to 19.9 years 
(median 11.6). All cases were splenectomized at a 
mean age of 9.4 years (range 4.16 to 17 years) due 
to hypersplenism. Baseline Hct before splenectomy 
was 17.9 ± 0.5 per cent (14-25%) and the Hct rose 
to 23.6 ± 0.5 per cent (17.2-28%) 6 months after 
the operation. 

Chelation Therapy 
Iron chelating therapy ( desferrioxamine: 

DFO, Ciba - Geigy; Basel, Switzerland) was given 
subcutaneously by slow infusion, 20-30 mg/kg body 
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weight, 5-6 times/week only in group I. Chelation 
was started when a patient's serum ferritin reached 
1,000 ng/rnl which was approximately one year after 
regular high transfusion was begun. Compliance and 
mean dosage of DFO administered were determined 
from the patient-calendar chart by a single inves­
tigator and varied from patient to patient. The mean 
(± SD) dosage of DFO was 16.83 ± 5.3 mglkg/day 
(range 6-26.5 mglkg/day). The mean duration of 
DFO was 73.2 ± 7 months (range 36-132 months). 

The total iron load from blood transfusion 
in both regimens was calculated from the total 
volume of blood transfused ( 1.16 mg of elemental 
iron per 1.0 rnl of pure RBC) and presented as gram 
per kg body weight. Assessment of iron overload 
was done by monitoring serum ferritin concentra­
tions by radioimmunoassay (RIA)(24) twice a year 
along with a fasting blood sugar and liver function 
test. 

All of the regularly high transfused patients 
had normal limit of liver function test including 
aspartate transaminase, alkaline phosphatase and 
bilirubin. No cases of diabetes were observed in our 
study. 

Anthropometry 
The patient's weight was measured at 

every visit to the nearest 0.1 kg with a Schonle 
digital scale. Height measurements were made to 
the nearest 0.1 em using a single locally constructed 
anthropometer. Body mass index was calculated and 
expressed as a mean in each case(25). 

Height measurments were compared with 
the standards of the World Health Organization(26) 
and expressed as standard deviation scores (Z score). 

The Z score was calculated as the value 
for the individual patient minus the 5oth percentile 
value of normal subjects of the same chronological 
age divided by the standard deviation corresponding 
to that age(27,28). Z scores greater than -1 height­
for-age were considered normal. 

This data was compared for differences 
in growth between the different diagnostic groups, 
gender and transfusion regimens. 

Pubertal development (Tanner's classifi­
cation(29)) was used to stage puberty in thalasse­
mic cases who were older than 10 years. With the 
exception of two female patients in the regular 
transfusion group, all of the other patients ( 4 males 
and 3 females in the regular transfusion, 13 males 
and 12 females in the occasional transfusion regi­
men) experienced delayed or arrested puberty. Some 
cases had problems such as secondary amenorrhea 
or irregular menstruation. 

Statistical Analysis 
The basic characteristics between the two 

groups were expressed as mean ± SE. The ranges 
are reported in Tables 1, 2 and 3 because the data 
were not normally distributed. 

Univariate analysis by x2 test, two-tailed 
Student's t-test and Fisher's exact test were per­
formed to compare the data and to establish the 
significance level (p < 0.05). 

The non-parametric Wilcoxon test for age 
matched pairs was applied for comparison of the 
Z-score between the different groups and this was 
also used to compare the continuous variables with 
proven skewed distribution by the Kolmogoro-Smir­
nov test. 

Table 1. Comparison of clinical and hematological parameters in patients with homozygous f)-thalassemia 
under different treatment regimens. 

Group I* Group II** P value 
No. Mean±SE range No. Mean± SE range 

I. Initial Hct (%) 9 17.77 ± 1.32 12-20 2 18.67±2.1 16.4, 20.8 0.775 
2. Age at diagnosis (months) 10 13.10±2.1 5-24 2 21 ±7 14,28 0.182 
3. Age at study (yrs) 10 8.36±0.91 4-12 2 14.7 ± 1.9 12.8, 16.7 O.Dl8 
4. Age at initial transfusion (yrs) 10 1.40 ± 0.22 0.8-2.7 2 2.6 ± 1.2 1.4, 3.8 0.104 
5. Initial serum ferritin (nglml) 7 1,060±42 1,220- 3,200 I 2,058.0 2,058.0 0.435 
6. Last serum ferritin (ng/ml) 10 3,756.7 ± 221 2,880 - 4,870 I 628.6 628.6 0.002 
7. Total iron load (g/kg) 10 2.92±0.45 0.86-4.43 2 0.60± 0.27 0.33, 0.87 0.051 
8. Length of follow-up (yrs) 10 7.6±0.79 4-11 2 12.9 ± 1.4 11.5, 14.3 0.019 

* Group I : regular transfusion and iron chelation 
•• Group II : occasional transfusion 
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Linear regression and Pearson correlation 
coefficient were used to evaluate correlation between 
variables. 

RESULTS 
Table l shows the comparison of the cli­

nical and hematological parameters in cases with 
homozygous ~-thai under different transfusion regi­
mens. There were no statistically significant diffe­
rences in the baseline data e.g. initial Hct, age of 
diagnosis and serum ferritin between the 2 groups. 
In ~-thaVHb E cases in different groups, the base­
line data were not different except the age at diag­
nosis which showed an earlier presentation in the 
regular transfusion group (Table 2). 

In addition, the parameters influenced by 
the treatment regimen e.g. age at diagnosis, age at 
study, last serum ferritin level and total iron load 
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were significantly higher in the regular transfusion 
group in both thalassemia syndromes. 

Moreover, within the regular transfusion 
group (Group I), most of the comparisons between 
those with homozygous ~-thai and those with ~-thaV 
Hb E did not show any difference except the age at 
initial transfusion which was earlier in the homo­
zygous ~-thai group. 

Without considering the difference in geno­
type, the patients in group I had clinically signifi­
cantly more severe disease due to early presentation 
and early transfusion compared with group II. How­
ever, other baseline data (initial Hct, initial serum 
ferritin) were not different (Table 3). 

The longitudinal mean Z score of height 
from the age of 1 to 17 years in both transfusion 
regimens in different types of diseases and sexes 
are presented in Fig. 1 (male) and 2 (female). 

Table 2. Comparison of clinical and hematological parameters in patients with ~-thalassemia/Hb E under 
different treatment regimens. 

Group I* Grou~ II** P value 
No. Mean±SE range No. Mean±SE range 

I. Initial Hct (%) 8 20.00± I 15-23 27 18.01 ±0.57 14.03-25.6 0.101 
2. Age of diagnosis (months) 7 15.57 ± 1.65 12-25 28 38.42±4.1 5-96 <0.001 
3. Age at study (yrs) 8 9.98 ± 1.02 5- 14 28 14.8 ±0.56 8.2- 19.9 <0.001 
4. Age at initial transfusion (yrs) 8 5.05 ± 1.24 I -7.6 27 5.66±0.54 1.1-11.9 0.616 
5. Initial serum ferritin (ng/ml) 8 582.3 ± 348 130- 3,000 24 592.1±116 17.26-1,580 0.503 
6. Last serum ferritin (ng/ml) 8 3,389.1 ± 589 1,187-5,932 23 1,967.2 ± 585 180-4,625 0.19 
7. Total iron load (g/kg) 8 4.05 ±0.67 1.79-6.80 27 0.59±0.08 0.08- 1.65 <0.001 
8. Length of follow-up (yrs) 8 8 ± 0.92 4- 12 28 11.66±0.59 5.8- 16.3 0.005 

* Group I : regular transfusion and iron chelation 
**Group II :occasional transfusion 

Table 3. Comparison of clinical and hematological parameters in thalassemic patients under different treat· 
ment regimens. 

Group I* Grou~ II** P value 
No. Mean±SE range No. Mean±SE range 

I. Initial Hct (%) 17 19.16±0.88 12-23 29 18.05 ±0.54 14.03-25.6 0.23 
2. Age of diagnosis (months) 17 14.2 ± 1.50 5-25 30 38.42 ±4.1 5-96 0.0002 
3. Age at study (yrs) 18 9.08 ±0.69 4-14 30 14.8 ±0.56 8.2- 19.9 <0.0001 
4. Age at initial transfusion (yrs) 18 2.42 ± 0.46 0.80-7.6 29 5.6±0.5 1.1-11.9 < 0.0001 
5. Initial serum ferritin (ng/ml) 15 805.2 ± 268 130- 3,200 25 592.1 ± 116 17.2-2,058 0.41 
6. Last serum ferritin (ng/ml) 18 3,593.3 ± 282 1,187-5,932 24 1,967.2 ± 585 180.0- 462.5 0.02 
7. Total iron load (g/kg) 18 3.41 ±0.40 0.86-6.80 29 0.61 ±0.81 0.08- 1.65 < 0.0001 
8. Length of follow-up (yrs) 18 7.7 ± 0.58 4-12 30 11.6 ± 0.55 5.8- 16.9 <0.0001 

* Group I : regular transfusion and iron chelation 
** Group II : occasional transfusion 
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Fig. 3. Box plots and density traces of the body mass index (BMI) in both treatment regimens treatment 
groups. The limits of the boxes represent the 25th, 50th and 75th percentile of distribution; the 
lower and upper bars represent the lOth and 90th percentile. 

Both figures, revealed the same trend dur­
ing the first 10 years. Both boys and girls who 
received the high transfusion regimen grew nor­
mally. Their Z score for height continuously kept 
more than -1 standard deviation from the soth per­
centile. 

During the same period, boys and girls 
under the occasional transfusion regimen became 
increasingly retarded in their linear growth. 

Using the original Z score at one year of 
age, the difference in Z score between the regular 
transfusion group and the occasional transfusion 
group in both sexes increased and was statistically 
significantly different for every age above one year 
for the same phenotype. However, in the regular 
transfusion groups, there were no significant diffe­
rences in height growth between the homozygous 
~-thai and ~-thal/Hb E cases. 

Nevertheless, after ten years of age, the 
benefits of regular transfusion to growth in both 
phenotypes decreased in both sexes. The Z score for 

height in those patients declined from the normal 
range. 

Fig. 3 shows box plots and density traces 
of body mass index (BMI) between the sexes in 
the regular transfusion and occasional transfusion 
groups. The mean BMI in group I and II were 18.09 
± 0.8 and 16.21 ± 0.43 kg!m2, respectively. There 
was statistically significantly difference between 
both groups (P = 0.03, unpaired t test). 

The Z scores (height SDS) at ten years of 
age were correlated with the BMI (Fig. 4). 

DISCUSSION 
Many contributing factors have been pro­

posed to explain the short stature or growth fai­
lure of thalassemic patients, a commonly observed 
condition among children with homozygous ~-thai 
especially in the adolescent period. 

Before the period when regular high trans­
fusion with chelation therapy was recommended, 
chronic anemia and tissue hypoxia(2) were sug-



936 V. VIPRAKASIT et aL J Med Assoc Thai July 2001 

28-
X r 0.577 

26- p < 0.001 

- 24- Y = -6.842 + 0.279x 
N s ...._ 

bl) 22-.!C - 0 

0 
X 

X 
X 

X - 20-:E 0 

= 
18- X 

X 
X 

0 X 

16- 0 

0 
0 

14- 0 

0 

-6 -5 -4 -3 -2 -1 0 

Z score 

Fig. 4. Linear regression and correlation between body mass index and Z score (height SDS) at 10 years 
old in patients with regular transfusion and iron chelation x and occasional transfusion :1. 

gested as factors in early childhood with the com­
bination factors such as hypersplenism(30), multi­
ple nutritional deficits including Zn(31,32), vitamin 
E04,33), folic and B 12 deficiency(34). The iron 
burden due to secondary hemosiderosis was impli­
cated as a further major cause of growth failure(4). 

Hypogonadotropic hypogonadism is ano­
ther important cause of growth failure in thalassemic 
children(4,35,36) as well as hypothalamic and pitui­
tary dysfunction, growth hormone and its genera­
tion e.g. IGF1, IGF BP3 dysregulation(3,37,38). 

At present, intensive treatment with high 
transfusion and iron chelation (desferrioxamine) is 
a conceptual means of attaining growth in thalasse­
mic patients to the final height within normal range 
(39). However, many recent reports have indicated 
a reduction in growth rate of thalassemic patients 
even with adequate transfusion maintaining a desi­
rable Hb level along with adequate chelation (serum 
ferritin being consistently within acceptable level) 
(40). Kwan Ey et a! from Hong Kong(41), found 
that in children with thalassemia, 75 per cent of the 
girls and 62 per cent of the boys over the age of 
12 years had heights below the third percentile, 
despite regular transfusion and iron chelation. Saka 

N et a! from Turkey(42) reported that abnormal 
growth and delayed puberty are frequently seen in 
transfusion dependent thalassemics. 

The most suspicious factors causing this 
problem are delayed pubertal development, due to 
endocrinological dysfunction, especially within the 
growth hormone axis and desferrioxamine toxicity 
( 10). Abnormal spinal growth with radiological evi­
dence of platyspondylosis produced a reduction in 
sitting height and consequently led to marked body 
disproportion after the age of 10 years(43,44). This 
was possibly caused by iron overload and/or the 
complication of iron chelation therapy. 

The recent recommendation to use desfer­
rioxamine early in life was to reduce its dose. This 
was considered as a balance between the risk of 
iron overload, hepatic damage in young transfused 
children and the cartilaginous dysplasia from des­
ferrioxamine itself. 

Iron chelation therapy was introduced in 
Thailand more than 15 years ago. In our clinic, more 
than 120 cases of transfusion dependent thalassemia 
(homozygous ~-thai and severe cases of ~-thaVHb 
E) were under regular transfusion with iron chela­
tion regimen. However, due to the relative expense 
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of this regimen, only a minority of cases can attain 
and continue this treatment in the long term and 
most of the patients receive blood transfusion as 
supportive therapy only. 

Our study indicates that in the first decade 
of life, thalassemic children who received regular 
transfusion at pre-transfusional Hb levels of 10 g/dL 
from an early age, even with inadequate iron chela­
tion due to a relatively low dosage of desferrioxa­
mine and with increasing serum ferritin level within 
the treatment period can achieve normal growth. 
These findings are seen in both homozygous ~-thai 
and ~-thal!Hb E disease. 

Additionally, the height SDS in those with 
~-thal!Hb E, who had an early presentation and were 
as clinically severe as homozygous ~-thai under 
regular transfusion was no better than in those with 
homozygous ~-thai. This finding confirms that there 
is a very high range of heterogeniety of the pheno­
type of ~-thal!Hb E. 

Growth failure in ~-thal!Hb E has rarely 
been reported. Tienboon p( 17) reported that such 
patients were generally stunted by grade 2 by 
Waterlow's criteria and their growth retardation was 
more severe in older age groups especially more 
than 7 years old. This finding was also found by 
Tuchinda c(l5) who demonstrated impaired growth 
hormone response after provocation in those with 
~-thal!Hb E disease. 

Anthropometric parameters were less 
affected in those patients with ~-thal!Hb E disease 
who had not undergone splenectomy compared with 
those who were splenectomized. This was probably 
due to the greater clinical severity of the splenecto­
mized group(19). Similarly, in our study, all cases 
in the occasional transfusion group were splenecto­
mized. Their growth slowed after the age of 1 year. 
This group of patients, except that they presented 
at a later age, had the same clinical presentation as 
compared to those with ~-thal!Hb E disease who 
underwent regular transfusion. 

This finding can help the physician make 
a decision concerning the treatment regimen in such 
patients because the precise explanation of the cli­
nical course of this phenotype is still an enigma. 

We conclude that in the cases of ~-thal!Hb 
E disease who presented with a Hb level of less 
than 7 gldL before the age of 2 years should receive 
intensive monitoring of their growth and be pro­
vided with regular, high transfusion with iron chela-

tion to guarantee their growth and development, at 
least in the first decade of life. 

An important factor that determined growth 
in our patients is nutritional status. We used the 
body mass index as an indicator of this and found 
that there was a statistically significant difference 
in BMI between group I and group II. Group I had 
a higher mean BMI and more cases who had a BMI 
of over 18 kgtm2. Besides, the BMI also correlated 
with the Z score. Recent data(45,46) from Thailand 
showed that malnutrition in thalassemic patients was 
one of the primary etiological factors of growth 
retardation. It was reported that an intensive short 
course of nutritional support could accelerate the 
height velocity which exceeded normal after the 
fourth month of treatment in 12 thalassemic children 
under 3 years of age( 45). 

In the present study, patients in group I 
who received iron chelation had to pay the medical 
cost themselves while the patients in group II could 
not afford iron chelation. This was due to the diffe­
rence in socioeconomic status between the 2 groups. 
We can assume that socioeconomic status played 
some role in the difference of BMI in both groups. 
Beside the treatment regimens, undernutrition may 
contribute to the Joss of height growth by a decrease 
in the synthesis of IGF-1 and resulting in the diffe­
rence of their Z score. 

After the age of 10 years, a decrease in the 
Z score was seen in group I. This finding was pro­
bably due to abnormal pubertal development because 
most of the cases in both groups (except two girls) 
had delayed or arrested puberty. Hypogonadotropic 
hypogonadism caused the lack of pubertal growth 
spurt.(41,46,47) This condition, as well as the iron 
burden, probably plays a major role that interferes 
with endocrinological function and hepatic produc­
tion of IGF-1 ( 48). 

However, further endocrinological study, 
especially of pituitary function after stimulation with 
GnRH and GHRH, is also needed in our patients. 
There is controversy concerning the role of growth 
hormone in such patients.(9,41,49-52) Some of 
these cases showed impairment of the GHRH axis. 
Cavallo L et a!(50) reported short-term therapy with 
recombinant growth hormone in 28 regularly trans­
fused thalassemics with growth failure at the age 
of 14 ± 2 years. The results of treatment revealed 
an increase in both growth velocity and height cal­
culated for chronological age, although there was 
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no significant change in their final height between 
the beginning and at the end of therapy. 

In cases with growth failure accompanied 
by delayed puberty without growth hormone defi­
ciency, a low dose of long-acting sex steroid treat­
ment can produce similar results to those obtained 
with growth hormone treatment(49). 

Body disproportion is also another com­
plication seen in thalassemic patients. It has been 
concluded that spinal growth impairment results 
from desferrioxamine toxicity(53). In a recent report 
(39), it was found that 14 per cent of thalassemic 
patients had disproportion between the upper and 
lower body segments, and exhibited short stature. 
However, in another 40 per cent of thalassemic 
patients, a short trunk but normal stature was pre­
sent. This was due to impairment of spinal growth 
which occurs early in infancy and progresses there­
after. They concluded that a short trunk is due to 
the disease itself, however, other factors such as 
desferrioxamine induced bone dysplasia, hypogona­
dism and siderosis probably augmented this com­
plication in these patients. 

The high prevalence of growth failure after 
the age of 10 years despite a regular transfusion 
regimen in thalassemic patients makes regular fol­
low-up essential to ensure regular and adequate 
chelation balanced with the chelator's toxicity(54-
56). Besides, after bone marrow transplantation, iron 
status should be continuously monitored with early 
intervention(54,57-59). The early detection of a 
decline in Z score for height and searching for asso­
ciated causes such as hypogonadism, an abnormal 
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growth hormone axis and spinal dysplasia are recom­
mended in order to improve the care and quality of 
life for these patients. 

SUMMARY 
In conclusion, regular, high transfusion 

along with iron chelation therapy in severe ~-thaV 
Hb E and homozygous ~-thai patients were shown 
clearly in this study to be sufficient to promote nor­
mal growth and development in these cases within 
the first decade of life. 

It was also shown that in some ~-thaVHb 
E patients who had a very severe clinical presenta­
tion, as judged by early onset of anemia, early 
requirement of transfusion and a low baseline hemo­
globin (Hb) and hematocrit (Hct), also suffered fai­
lure in growth and development which did not differ 
from homozygous ~-thai. 

Occasional transfusion was shown in this 
study to be inadequate to promote normal growth 
in these patients. Adequate iron chelation and hor­
mone replacement is usually required after the first 
ten years in order to promote normal adult height 
in regularly transfused patients. 
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