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Abstract We aimed to determine the frequency of asymp-
tomatic brain lesions in a group of patients with β-
thalassemia intermedia (β-TI) and to evaluate correlation
of asymptomatic brain lesions with splenectomy, thrombo-
cytosis, blood transfusions, and clinical parameters. Ninety
five neurologically intact patients with β-TI were randomly
enrolled in this cross-sectional study. Diffusion-weighted
imaging brain MRI was performed in every patient to detect
cerebral white matter lesions (WML). We found an overall
frequency of 15 (15.8 %) for WMLs, 14 (23.7 %) in sple-
nectomized, and 1 (2.8 %) in nonsplenectomized patients.
The presence of WML was significantly associated with
splenectomy (P00.008) and thrombocytosis (P00.009).
However, after adjustment for splenectomy, thrombocytosis
was not significantly associated with the presence of WML
(P>0.05). The number of patients with regular blood trans-
fusions and normal MRI was not significantly higher com-
pared to those with abnormal findings (52.5 % vs. 26.7 %;
P00.092). In untransfused patients, hydroxyurea (HU) ad-
ministration was associated with a lower incidence of WML
(P<0.001). Although in univariate analysis either splenec-
tomy or thrombocytosis showed significant correlation with

the presence of single or multiple WMLs, thrombocytosis
by itself did not significantly contribute in developing
asymptomatic brain lesions. The lack of significant correla-
tion between lesions and regular blood transfusions could be
related to the treatment with HU in untransfused patients,
which increased fetal hemoglobin levels and improved the
morphology and the pathological indices of the red blood
cells. Larger prospective studies are suggested for the accu-
rate evaluation of the correlation of these factors with de-
veloping asymptomatic brain lesions.
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Introduction

In patients with homozygous forms of thalassemia, the
availability of improved medical management has led to
increased life expectancy and consequently new complica-
tions in thalassemic patients [1, 2] particularly in patients
with β-thalassemia intermedia (β-TI) who have milder clin-
ical symptoms compared to patients with β-thalassemia
major [3]. However, they develop chronic hypercoagulable
state with higher frequency of thromboembolic (TE) com-
plications [4]. Suggested causative mechanisms for chronic
hypercoagulable state in thalassemic patients are: increased
platelet aggregation, decreased platelet survival [1, 5, 6],
decrease in antithrombotic factors including protein C and
S [7–10], and lower antithrombin III levels [11, 12]. Sple-
nectomized patients with β-TI [4] have more circulating
damaged red blood cells (RBC) resulting in expressing high
levels of negatively charged phospholipids, mainly phos-
phatidylserine, which stimulate thrombin generation [13,
14] with a higher risk for developing TE in different body
organs [15]. Cerebral TE events also have been observed in
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these patients with a higher frequency than normal popula-
tion. We reported previously a frequency of 28 % of asymp-
tomatic white matter changes in 30 patients with β-TI who
had been splenectomized with a platelet count >500,000/μL
in southern Iran [16]. Until now, the reported brain abnor-
malities in patients with β-TI were in relatively small sam-
ple sizes [17, 18]. The present study on the incidence of
brain abnormalities was extended and carried out in 95
patients with β-TI. In addition, following the report of Taher
et al. [19] in 30 adult splenectomized patients on the prob-
able protective effect of regular blood transfusions on the
occurrence of asymptomatic cerebral white matter lesions
(WML), we evaluated the correlation of the incidence of
WML with thrombocytosis, splenectomy, transfusion
requirements and parameters such as ferritin level, hemo-
globin, sex, age, and hydroxyurea (HU) consumption.

Materials and methods

In this cross-sectional study we randomly selected 95
neurologically intact patients with β-thalassemia inter-
media (β-TI) from a total of 240 thalassemic patients
referred to the thalassemia center of Shiraz University
of Medical Sciences, Southern Iran from October 2010
to June 2011. The diagnosis of β-TI was made by
complete blood, RBC indices, Hb level ≥7 g/dL, and
Hb electrophoresis. The age at diagnosis and their transfusion
requirements were after 2 years old in all patients. The patients
were divided into two major groups according to their trans-
fusion requirements; (1) those who are transfusion-
independent or receive blood transfusions one to two times a
year, and (2) those who receive blood transfusions every 3–
4 weeks from the age of 6.4±4.2 years. A data gathering form
was designed to obtain all the above-mentioned laboratory
parameters in addition to serum ferritin levels, medications
including HU, presence or absence of the spleen and family
history. The patients were evaluated by an expert neurologist
to exclude any signs or symptoms indicating neurological
deficit. None of them had any thromboembolic events.
Patients who had risk factors of thrombophilia were excluded
from the study (evidence of prothrombin, factor V Leiden or
MTHFR mutations documented by genetic studies; as well as
positive result of antithrombin III, protein C, protein S, lupus
anticoagulant, or cardiolipin antibodies).

The study protocol was approved by the Ethics Commit-
tee of the Shiraz University of Medical Sciences and in-
formed written consent was obtained from the patients or
their families.

The detailed cerebral MRI imaging protocol has been
reported elsewhere [20]. Briefly, the imaging protocol includ-
ed: a sagittal T1-weighted spin echo sequence; an axial fluid-
attenuated inversion recovery sequence; an axial T2-weighted

fast spin echo sequence and a diffusion-weighted sequence.
The MRI has been interpreted by an experienced neuroradi-
ologist for all participants using a 1.5 T MR unit (Siemens,
Avanto, Germany) using a standard four-channel head coil.
White matter lesions were classified into two groups including
ischemia and infarction. These lesions were classified based
on size, number of lesions and locations. In patients with
multiple lesions, the size of the largest lesion was considered
in statistical analysis. In patients with WMLs, other abnormal
findings including generalized brain atrophy, hyper signal
changes in basal ganglia, midbrain and thalamus, and skull
thickening were evaluated and reported. Brain atrophy was
determined based on decrease in brain volumemore than what
expected in a healthy age-matched control and graded as mild,
moderate and severe.

Statistical analysis

Data were analyzed by SPSS v. 17 (SPSS Inc., Chicago, IL,
USA). Descriptive data were presented as mean±standard
deviation and frequency. Comparison of the characteristics
and laboratory data between the two groups of patients with
and without MRI findings were done by independent sam-
ples t test and Mann–Whitney U test for continuous varia-
bles and Fisher’s exact test for qualitative variables. Two-
sided P value less than 0.05 was considered statistically
significant. Spearman correlation test was done to determine
the correlation between two quantitative variables in differ-
ent subgroups of patients. P value less than 0.05 was con-
sidered statistically significant.

Results

Overall, we had 46 transfusion dependent and 49 transfusion-
independent patients. Characteristics of the patients presented
in Table 1. Their mean age was 23.1±8.2 (range, 6–58 years)

Table 1 Clinical and laboratory parameters of patients with β-
thalassemia intermedia

Variables

Age (year) mean±sd 23.1±8.2

Sex (male/female) 32/63a

Hemoglobin (g/dL) mean±sd 8.8±1

Platelet (/μL) mean±sd 567,727±312,359

Thrombocytosis (Platelet>500000/μL) 49a

Ferritin (ng/mL) mean±sd 1404±1499

Splenectomy 59a

Hydroxyurea 44a

Regular blood transfusion 46a

a Number of patients
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including 32 males and 63 females. Positive family history
of cerebrovascular disease was reported in two patients
and positive family history of TE event was reported in
one patient. Of 49 patients who were transfusion-
independent, 44 patients (90 %) were treated with HU
(mean, 10 mg/kg/day, range of 8–15 mg/kg/day) for dura-
tion of 4–13 years. In this subgroup of patients (transfu-
sion-independent), total HbF was increased from 6.3±1.2 to
8.05±2.3 g/dL (P<0.001) at the end of study. Mean corpus-
cular volume and mean corpuscular hemoglobin were also
increased from 70.6±8.7 to73.5±9.5 and from 23.6±3.1 to
24.8±3.5 respectively. Red blood cell morphology was evalu-
ated before and after 1 year of treatment with HU and showed
decreased poikilocytosis in the peripheral blood smears docu-
mented by the number of schistocytosis and target cells.

Fifteen (15.8 %) patients had WMLs, 13 with ische-
mia, and 2 with small infarctions (Fig. 1). Two patients
had mild generalized atrophy. Hyper signal changes were

observed in these patients as follows: seven patients in
basal ganglia, six patients in midbrain, and one patient in
thalamus. Moderate and severe skull thickening were ob-
served in seven and five patients, respectively. The distribu-
tion of size, number, and location of WMLs are summarized
in Table 2. Nine patients (60 %) had evidence of multiple
lesions with a mean of 14.2±14.7 and range of 2–50 lesions.
Eighty percent of the lesions were between 0.5 and 1 cm
(mean, 0.94±0.4 cm; range, 0.2–2 cm) and mainly (46.6 %)
located in parietal region.

The results of univariate analysis of covariates in patients
with and without brain lesions are presented in Table 3. The
presence of abnormal findings in MRI in favor of ischemia
or infarction was significantly associated with thrombocy-
tosis (platelet >500,000/μL; P00.009) and splenectomy
(P00.008). Among the group with normal MRI, a higher
number of patients received regular blood transfusions com-
pared to patients with abnormal findings (52.5 % vs. 26.7 %);
however, it was not statistically significant (P00.092). In
splenectomized patients, the mean duration since splenectomy
was higher in patients with abnormal MRI finding compared
to the patients with normal MRI but it was not statistically
significant (13.6±10.6 vs. 10.5±6.4, P00.360). There was no
statistically significant association (P>0.05) between the fre-
quency of patients with brain lesions and either thrombocy-
tosis or receiving regular blood transfusion, and treatment
with HU in splenectomized and nonsplenectomized patients
(Table 4).

Patients with WMLs were classified into two groups with
either single or multiple lesions. And there were no statisti-
cally significant differences between them with regard to
thrombocytosis, splencetomy, HU treatment, or regular blood
transfusion (P>0.05). Also, the mean size of the lesions was
not significantly correlatedwith thrombocytosis, splencetomy,
HU taking or regular blood transfusion (P>0.05). Size and
number of the lesions were not significantly correlated with

Fig. 1 Axial T2-weighted (a) and fluid-attenuated inversion recovery
(FLAIR) (b). Images show hyperintense foci in both cerebral hemi-
spheres suggesting small ischemic lesions

Table 2 Distribution of
white matter lesions
with regard to size,
number, and location on
brain MRI in 15 patients
with β-thalassemia
intermedia

aIn case of multiple
lesions, the size of larg-
est lesion is reported

Parameters Number %

Number

Single 6 40

Multiple 9 60

Location

Frontal 6 40

Parietal 7 46.6

Cerebellum 1 6.7

Multifocal 1 6.7

Sizea

<0.5 cm 1 6.6

0.5–1 cm 12 80.0

>1 cm 2 13.4
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age in patients with WMLs (P00.782 and P00.078, respec-
tively). In splenectomized patients with abnormal MRI find-
ing, duration since splenectomy did not significantly
correlated with size (rs0−0.067, P00.836) or number of
WMLs (rs0−0.141, P00.662). There was no significant as-
sociation between the presence of other abnormal findings
with any of the studied variables.

As HU consumption was related to transfusion-
independent patients, we conducted a comparison between

HU consumption and the presence of WML in this subgroup
of patients (49 patients). A lower incidence (6 out of 44,
13.6 %) of WMLs was found in patients who received HU
compared to five out of five patients who did not receive HU
(P<0.001).

There were no significant correlations between the pres-
ence of WML in MRI and each of the other investigated
variables including age, sex, hemoglobin level, and serum
ferritin.

Discussion

In this study, we performed DWI brain MRI screening in a
large series of β-TI patients without any neurological sign or
symptoms. We found an overall frequency of 15 (15.8 %) of
WMLs including 14 (23.7 %) in splenectomized, and 1
(2.8 %) in nonsplenectomized patients. In our previous pub-
lication, we reported an incidence of 28 % with asymptomatic
white matter changes detected by MRI in 30 splenectomized
β-TI patients with platelet count >500,000/μL [16]. In the
present study, a similar rate (25%) ofWMLwas found among
48 splenectomized patients with platelet count >500,000/μL,
including 30 already reported patients [16]. Taher et al. [19]
reported a higher frequency of WMLs in 60 % (18 out of 30)
of adult splenectomized patients with β-TI. The relatively
lower incidence of WMLs in our patients compared with the
patients from Lebanon may be related to their younger age
(mean age 25.3±8.3 vs. 32.1±11), as well as possible differ-
ences in genetic factors and treatment with HU.

Supremacy of this study compared to the previous studies
is the larger sample size and the ability to compare the
presence of silent brain lesions in subgroup of β-TI patients
in relation to splenectomy, thrombocytosis, regular blood
transfusions, and HU consumption.

In univariate analysis, only splenectomy and thrombocy-
tosis showed statistically significant association with the
presence of WML regardless of size and number of the
lesions. However, when we stratified patients based on
splenectomy status, thrombocytosis showed no significant
association with the occurrence of WML in patients with β-
TI. It seems that in splenectomized patients additional fac-
tors besides thrombocytosis determine the risk of thrombo-
embolic phenomena. Such specific consequences of
splenectomy may include the number of circulating patho-
logical RBC which induce thrombin generation [21].

Regular blood transfusions have been reported to prevent
the development of stroke in patients with sickle cell anemia
due to a decrease in the number of circulating sickle cells
[22, 23]. Likewise, in the present study, normal MRI has
been found with a higher rate in the patients who were
regularly transfused although the correlation was not statis-
tically significant (P00.092). Taher et al. [19] have also

Table 3 Correlation of the results of MRI with clinical and laboratory
parameters in patients with β-thalassemia intermedia

Variables Without WML
n080

With WMLa

n015
P value

Age (year) mean±sd 22.6±8 25.6±9.3 0.196

Sex (male) 25(31.3 %) 7(46.7 %) 0.252

Splenectomized 45 (56.3 %) 14 (93.3 %) 0.008a

Regularly transfused 42 (52.5 %) 4 (26.7 %) 0.092

Hemoglobin (g/dL)
mean±sd

8.8±1.1 8.9±1.1 0.580

Thrombocytosis
(Platelet >500,000)

39 (48.8 %) 13(86.7 %) 0.009a

Ferritin (ng/mL)
mean±sd

1,458±1544 1,058±1200 0.409

a Statistically significant

Table 4 Comparison of the frequency of WML among different sub-
groups of patients with β-thalassemia intermedia

Without WML
N080

With WML
N015

P value

No (%) No (%)

Splenectomized

Plt<500,000 (n011) 9 (81.8) 2 (18.2) 0.484
Plt≥500,000 (n048) 36 (75) 12 (25)

Unsplenectomized

Plt<500,000 (n032) 32 (100) 0 (0) 0.111
Plt≥500,000 (n04) 3 (75) 1 (25)

Splenectomized

HU Yes (n034) 29 (85.3) 5 (14.7) 0.071
HU No (n025) 16 (64) 9 (36)

Unsplenectomized

HU Yes (n010) 9 (90) 1 (10) 0.278
HU No (n026) 26 (100) 0 (0)

Splenectomized

Regular transfusion

yes (n020) 16 (80) 4 (20) 0.445
No (n039) 29 (74.4) 10 (25.6)

Unsplenectomized

Regular transfusion

yes (n026) 26 (100) 0 (0) 0.278
No (n010) 9 (90) 1 (10)
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reported that transfusion naivety could increase the suscep-
tibility of patients with β-TI to develop a higher incidence
of brain ischemia. The fact that in the present study this was
not the case can be related to the treatment with HU, since in
the subgroup of transfusion-independent patients approxi-
mately 90 % were treated with HU, and a statistically
significant relationship between frequency of WML and
HU administration has been found. A suggested mechanism
for this effect of HU is significant increase in HbF concom-
itant with improvement in RBC indices and morphology.
The protective effect of HU on the development of stroke in
sickle cell disease has been documented [24, 25] since HU
increase the percentage of HbF, as well as an increase in Hb
levels due to decreasing the imbalance of α/β globin chain
synthesis with the consequent improvement in the pathology
of the RBC [26]. Moreover, HU can decrease RBC adhesion
resulting in decreased vaso-occlusions [27]. Another factor
that may decrease the risk of thrombosis is induction of
mobilization of arachidonic acid from inner cell membrane
aminophospholipids induced by HU in patients with sickle
cell anemia [28] as well as decrease of the release of
endotheline-I (ET-I), a vasoconstrictor peptide resulting
from down regulation of ET-I gene expression [29].

The severity of anemia is another factor that was reported
by Manfre et al. [17] and Metarrugcheep et al. [18] to
increase the incidence of abnormal MRI findings in patients
with β-TI. However, the present results as well as the results
of Taher et al. [19] did not confirm this correlation and more
studies are warranted to address this point.

One must bear in mind that these results were obtained
from cross-sectional studies, which are less significant com-
pared with the longitudinal and interventional studies to
determine a precise cause and effect relationship. Therefore,
in this study we could only document the presence of
possible association between the occurrences of asymptom-
atic WMLs and the various evaluated factors.

Asymptomatic white matter lesions have been reported to
be around 0–11 % in normal individuals less than 50 years old
and a higher frequency in older normal individuals
(>70 years) possibly due to the impact of age on the patho-
genesis of these abnormal changes [30, 31]. The results of the
present study compared to normal population in the same age
group confirm the increased susceptibility of patients with β-
TI to develop asymptomatic cerebral thromboembolism and
therefore should be examined on a regular periodic basis, at
least once every 2 years in patients >20 years.

Moreover, one should consider preventive anticoagulant
and/or antiplatelet aggregates to these patients and possibly
designing controlled clinical trial to confirm this assump-
tion. We evaluated a larger cohort of patients with β-TI
compared to the previous reports. In univariate analysis both
splenectomy and thrombocytosis showed significant corre-
lation with the presence of single or multiple WMLs.

However, after adjustment for splenectomy, thrombocytosis
showed no significant association with developing asymp-
tomatic brain lesions. Larger studies with prospective design
are suggested for better evaluation of the proper effect of
associated variables.
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