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Introduction

Ahypercoagulable state in the thalassemia syndromes has been

established [1]. This is attributed to a number of factors,

including the procoagulant activity of damaged circulating red

blood cells (RBCs), co-inheritance of coagulation defects,

depletion of antithrombotic factors, endothelial inflammation

and conditions that increase thrombotic burden [1]. The largest

clinical study to date, on 8860 thalassemia patients, demon-

strated that thromboembolic events (TEE) occur 4.38 times

more frequently in thalassemia intermedia (TI) than thalasse-

mia major (TM) patients [2]. In this and most other studies on

TI patients, older age and splenectomy are implicated as

significant risk factors for the development of TEE [2,3]. Brain

involvement has not been widely studied and the incidence of

clinically overt stroke in TI has not been established, although

limited reports confirm lower incidence than TM [2]. However,

in a study done to assess the rate of brain damage in patients

with benign hemoglobinopathies, 37.5% of patients with TI

showed asymptomatic brain damage on magnetic resonance

imaging (MRI) [4], indicating that further investigation is

warranted. This study aims to evaluate the incidence of and risk

factors for silent brain abnormality in splenectomized adults

with TI utilizing brain MRI.

Patients/methods
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Summary. Background: A high incidence of thrombotic events

in thalassemia intermedia (TI) patients led to the identification

of a hypercoagulable state. Brain involvement has not been

widely studied in TI, although limited reports confirm a low

Increasing age and transfusionnaivety are associated with a

higher incidence andmultiplicity of lesions.

incidence of overt stroke and high incidence of silent brain

infarcts. Patients/methods: This was a cross-sectional study

conducted on 30 adult, splenectomized TI patients. Patients

were  screenedforabsence of neurological signs orsymptoms,

and stroke-related risk factors. Patient chartswere reviewed

for demographics, duration since splenectomy, and any

history oftransfusion therapy. Blood samples were obtained

for complete blood counts and serum ferritin. Direct

determination of liver iron concentration (LIC) was

performed by R2 magnetic resonance imaging(MRI). Brain

MRI was performed on all patients, looking for ischemic

lesions and/or atrophy. Results: The mean age of patients

was 32.1 ± 11 years (range, 18–54 years), with a male to

female ratio of 13:17. Eighteen patients (60%) had evidence

of one or more white matter lesions (WMLs) on brain

MRI, all involving the subcortical white matter. Fourteen

patients had evidence of multiple WMLs, with amean of 5

± 10 lesions (range, 2 to > 40 lesions). The vast majority

of patients (94%) had small (< 0.5 cm) to medium 

(0.5–1.5cm) WMLs, with only one patient showing evidence

of a large (> 1.5 cm) WML. Eleven patients (37%) had

mild cerebral atrophy. On multivariate analysisonly age and

transfusion history were independently and significantly

associated with the occurrence of zero, single or multiple

WMLs. Conclusion:  WMLs  and  brain  atrophy  are  a 

common    finding   in  adult,  splenectomized, TI    patients.

This was a cross-sectional  studyconducted on all

splenectomized TI patientsaged 18 years or older (n = 43)

attending the Chronic Care Center (Lebanon) between June

and December 2008. Afterscreening patients for exclusion

criteria (Table 1),  30 patients were recruited into the study.
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Brain MRIs were performed on a 3.0 Tesla, eight channel

head coil, Achieva Philips Scanner using axial T1-weighted

images (TR/TE, 450/10), T2 gradient-echo weighted images

(TR/TE, 731/16), fluid-attenuated inversion recovery (FLAIR)

images (TR/TE, 11000/125) and diffusion weighted imaging

(TR/TE, 2312/68). Coronal FLAIR images (TR/TE, 11000/

125) as well as coronal and sagittal T2 weighted images (TR/

TE, 3000/80) were also obtained. No contrast material was

administered. Two blinded neuroradiologists reviewed the

studies, looking for ischemic lesions and/or atrophy. Infarction

or ischemic lesions were defined as areas of abnormally

increased signal intensity on the T2 and FLAIR weighted

sequences and were classified by anatomic location and size.

The size of lesions was classified into small (< 0.5 cm),

medium (0.5–1.5 cm) and large (> 1.5 cm). For patients with

multiple lesions, the largest lesion was used to define size.

Atrophy was visually assessed as a decrease in brain volume

greater than that which would be expected in a healthy

volunteer of similar age and graded as mild, moderate or

severe. This study was approved by the Institutional Review

Board and written consents were obtained from all patients.

Patient charts were reviewed for demographics (age and

gender), duration since splenectomy, and any history of

transfusion therapy. Blood samples were obtained for assess-

ment of total and fetal hemoglobin levels, nucleated RBC

counts, platelet counts, and steady-state serum ferritin levels.

Direct determination of liver iron concentration (LIC) was

performed by R2 MRI using established methodology [5].

Statistical analysis

Descriptive statistics are expressed as means ± standard

deviation (SD) or percentages where appropriate. Bivariate

correlations betweenMRI findings and multiple variables were

performed using independent-samples t-test for continuous

variables and chi-square test for categorical variables. Multi-

variate analysis was conducted for all significant associations at

the bivariate level using a generalized linearmodel. AllP-values

are two sided with the level of significance set at < 0.05.

Results

A total of 30 patients were included in this study (Table 2).

Eighteen patients (60%) had evidence of one or more white

Table 1 Exclusion criteria

Criterion Definition and assessment method

Neurological and/or

gross cognitive signs

or symptoms

Abnormality detected during medical

history taking, neurological exam,

or mini mental status exam (MMSE)

performed by a qualified neurologist (AB)

Use of anticoagulant

or antiplatelet therapy

Any current or previous history of

anticoagulant or antiplatelet therapy

Diabetes Use of antidiabetic drugs or a fasting

blood sugar ‡ 126 mg dL)1

Hypertension Use of antihypertensive drugs or a

blood pressure ‡ 140/90 mmHg on

two readings 6 weeks apart

Cardiac disease Any abnormality on electrocardiography

or echocardiography including:

arrhythmias, valvular disease, dysfunction,

presence of atrial or ventricular thrombi,

or pulmonary hypertension

Carotid stenosis Evidence of > 50% narrowing of the

carotid(s) on color-flow duplex scanning

Thrombophilia Evidence of factor V Leiden, prothrombin

or MTHFR mutations on genetic

studies; or abnormality in protein C,

protein S, antithrombin III,

Lupus anticoagulant, or

cardiolipin antibodies levels.

Smoking Any current or previous history of smoking

MMSE, mini mental status exam; MTHFR, methyletetrahydrofolate

reductase.

Table 2 PatientsÕ characteristics

Parameter Value

Mean age ± SD, years (range) 32.1 ± 11 (18–54)

Male:female 13:17

Mean duration since

splenectomy ± SD, years (range)

17 ± 9.9 (2–36)

Transfusion history, n (%)

None 18 (60)

Occasional 12 (40)

Mean Hb ± SD, g dL)1 (range) 8.6 ± 2.1 (4.9–13.1)

Mean HbF ± SD, % (range) 56.1 ± 30.6 (10.5–98.8)

Mean nucleated RBC

count ± SD, · 103 mm)3 (range)

367.4 ± 319.8 (0–1366)

Mean platelet count ± SD,

· 103 mm)3 (range)

791.2 ± 355.3 (189–1602)

Mean serum ferritin ± SD,

ng mL)1 (range)

1176 ± 641.9 (116–3158)

Mean LIC ± SD, mg

Fe per g dw (range)

11.3 ± 7.8 (1–32.1)

Hb, hemoglobin; HbF, fetal hemoglobin; RBC, red blood cell; LIC,

liver iron concentration; dw, dry weight.

Table 3 Distribution of number, location and size of identified white

matter lesions (WMLs) on brain MRI

Parameter n (%)

Number

Single 4 (22.2)

Multiple 14 (77.8)

Location

Frontal 17 (94.4)

Parietal 9 (50)

Temporal 1 (5.6)

Occipital 3 (16.7)

Internal capsule 1 (5.6)

External capsule 5 (27.8)

Size*

Small (< 0.5 cm) 10 (55.5)

Medium (0.5–1.5 cm) 7 (38.9)

Large (> 1.5 cm)  1 (5.6)

*For patients with multiple lesions, the largest lesion was used to de-

fine size.  The possibility of misreading confluent multiple lesions was

excluded radiologically based on lesion shape.
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matter lesions (WMLs) on brain MRI, all involving the

subcortical white matter (Table 3). Most of those patients (14

patients) had evidence of multiple WMLs, with a mean of

5 ± 10 lesions (range, 2 to > 40 lesions). The frontal

subcortical white matter was nearly always involved, followed

by the parietal and occipital subcortical white matter. The

external capsule was involved in 28% of patients. The vast

majority of patients (94%) had evidence of small to medium

WMLs, with only one patient showing evidence of a large

WML (Fig. 1). Eleven patients (37%) had evidence of mild

cerebral atrophy, 10 of whom had associated WMLs.

Risk factors for white matter lesions

Among all study variables, only age (t-test) and transfusion

history (chi-square test) were significantly associated with

presence of WMLs (Table 4). The mean age was higher in

patients who had white matter lesions compared with those

who had no lesions (mean age difference of 10 years). A logistic

regression analysis to determine the probability of having a

WML [Y] at a particular age was performed (Fig. 2) with the

following result:

½Y� ¼ expðÿ2:9179þ ð0:107846Þ�age=1

þ expðÿ2:9179þ ð0:107846Þ�ageÞÞ:

This formula had a predictive value of 72.4%.

In addition, in the subgroup of patients with WMLs the

mean age of patients who had multiple lesions was higher than

those with single lesions (37.1 vs. 30.7 years); although this

difference did not reach statistical significance (P = 0.342).

Patients who occasionally received transfusions had a

significantly lower incidence of WMLs (25%) compared with

those who had never received a transfusion (83.3%)

(P = 0.001). When WMLs were present, patients who were

occasionally transfused had a significantly lower incidence of

multiple lesions (40%) compared with patients who had never

been transfused (92.3%) (P = 0.017).

Other variables, including gender, and means of duration

since splenectomy, Hb, HbF, nucleated RBC count, platelet

count, serum ferritin and LIC, were not significantly associated

with the presence or number of WMLs.

On multivariate analysis using a generalized linear model,

both age (P = 0.018) and transfusion history (P = 0.008)

A

B

Fig. 1. (A) Coronal and (B) axial FLAIR images showing multiple foci of

high signal seen in the subcortical and periventricular white matter with

one large lesion (1.7 cm) seen in the left parietal white matter.

Table 4 Comparison of study variables between patients with and without

brain white matter lesions (WMLs)

Parameter

WML neg

n = 12

WML pos

n = 18 P-value

Mean age (years) 26.1 36.1 0.011

Male:female 9:3 8:10 0.098

Mean duration

since splenectomy (years)

12.3 18.3 0.156

Transfusion history, n (%)

None 3 (25) 15 (83.3) 0.001

Occasional 9 (75) 3 (16.7)

Mean Hb (g dL)1) 7.9 8.8 0.230

Mean HbF (%) 44.8 63.7 0.136

Mean nucleated

RBC count (· 103 mm)3)

413.8 332.7 0.517

Mean platelet

count (· 103 mm)3)

862.7 737.5 0.366

Mean serum

ferritin (ng mL)1)

1083 1296 0.396

Mean LIC

(mg Fe per g dw)

10.3 11.9 0.052

WML, white matter lesion; MRI, magnetic resonance imaging; Hb,

hemoglobin; HbF, fetal hemoglobin; RBC, red blood cell; LIC, liver

iron concentration; dw, dry weight. Bold values are those that are

statistically significant (P < 0.05).
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were independently and significantly associated with the

occurrence of zero, single or multiple WMLs (Fig. 3). Among

all study variables, only age was significantly associated with

presence or absence of brain atrophy. Themean age was higher

in patients with (38.5 years) than in those without (28.3 years)

brain atrophy (P = 0.011).

Discussion

In our study, brain MRI evaluation demonstrates that WMLs

and brain atrophy are a common finding in adult, splenec-

tomized, TI patients. Moreover, increasing age and transfusion

naivety are associated with a higher incidence and multiplicity

of lesions. Our study echoes that of Manfre et al. [4] on 16 TI

patients, and further brings attention to this previously

uninvestigated complication in TI patients. The higher inci-

dence (60% vs. 37%) and multiplicity (77.8% vs. 12.5%) of

WMLs in our cohort compared with that of ManfreÕs may be

attributed to higher patient age (mean age 32.1 vs. 29 years)

and imaging modality used (3.0 T-MRI vs. 0.5 T-MRI).

Although neither our study nor that of Manfre et al. [4] had

a control group, the incidence of WMLs in the aging brain of

healthy volunteers has been investigated. High incidence of

WMLs among healthy elderly populations (e.g. those aged

greater than 70) has been reported in many studies [6–11].

However, relatively fewer brain MRI studies recruited popu-

lations (or samples) of healthy individuals < 50 years of age

(Table 5) [12–18]. The outcome of these studies reveals that the

frequency of WMLs and/or cerebral atrophy in healthy young

individuals ranges from 0% to 11%. Comparing this figure

with the frequency observed in our patients (60%), it seems

more likely that the changes described in this report are

pathological rather than normal variations. This observation is

similar to that reported in patients with sickle cell disease

(SCD), where incidence of silent brain ischemia has been well

studied and reports document occurrences up to 83% [19].

The presence of WMLs raises the suspicion of several

underlying diagnoses. However, in our patients these diagnoses

may be ruled out based on the radiological appearance of

lesions (e.g. viral encephalopathy or multiple sclerosis) or

absence of associated risk factors and clinical symptoms (e.g.

vasculitis or Binswanger). Thus, MRI findings in this report

most likely represent ischemic lesions. WMLs correspond to

increasing severity of ischemic tissue damage, ranging from

mild perivascular alterations to large areas with variable loss of

fibers, multiple small cavitations, and marked arteriolosclero-

sis. Microcystic infarcts and patchy rarefaction of myelin are

also characteristics of irregular periventricular high signal

intensities [20]. These lesions were significantly associated with

impaired cognitive skills, suggesting they can be nearly as

damaging to cognitive function as overt stroke [21]. In addition

to cognitive effects, WMLs have a role in the decline of other

functional performances, and this places individuals with

higher-grade lesions at increased risk of developing disability

[21]. Although patients in this report had no evidence of gross

cognitive disabilities, minor and more specific cognitive

disability or psychological disease cannot be ruled out.
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Fig. 3. A histogram showing the number of patients having no, single or

multiple white matter lesions (WMLs) according to age and transfusion

history.

Table 5 Summary of brain MRI studies that recruited a population (or

sample) of healthy individuals < 50 years of age

Reference n

Mean age*

(range), years Abnormality

Frequency

(%)

Fazekas 1989 [12] 87 (31–83) WML 11% for

patients

in 4th

decade

Salonen 1997 [13] 23 (30–53) WML 0

Katzman 1999 [14] 1000 30.6 (3–83) WML 0.8

Hopkins 2006 [15] 243 (16–65) WML 5.3%

Weber 2006 [16] 750 (45–59) WML 7.2%

Vernooij 2007 [17] 2536 20.5 (17–35) Atrophy 0.43

Yamada 2008 [18] 16 206 70 (39–90) WML 0.37

WML, white matter lesions > 0.5 mm. *Where available.
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The anemia in TI does not seem to contribute to the

pathogenesis of WMLs, as in our analysis there was no

statistically significant difference in mean hemoglobin level of

patients with and without WMLs. The literature only supports

a role for acute anemia in cerebral injury of perioperative and

critical care patients [22,23], increased morbidity and mortality

in patients with acute anemia and first-ever stroke [24], and a

potential role for chronic anemia in cerebral injury of patients

with multiple stroke-related risk factors [25]. Thus, it seems less

likely that chronic anemia in our patients caused WMLs.

However, the hemolytic anemia implicated in patients with TI

causes iron-dependent oxidation of membrane proteins and

formation of red-cell ÔsenescenceÕ antigens such as phosphati-

dylserine that cause thalassemic red cells to be rigid and

deformed and to aggregate, resulting in premature cell removal.

Studies have shown that, as such, thalassemic RBCs may be a

source of negatively charged phospholipids, which can even-

tually increase thrombin generation [26–32]. These abnormal-

ities have been reduced to normal range after the patients have

received a blood transfusion, which decreases the number of

circulating damaged RBCs [33]. This could partly explain why

patients in our study who were never transfused had a higher

incidence of WMLs than patients receiving occasional trans-

fusions. As such, several trials in patients with SCD demon-

strated a significantly reduced risk of silent strokes in

participants receiving blood transfusions [34,35]. This should

sound promising for patients with TI; however, it should be

balanced against the iron loading secondary to chronic

transfusions, especially in this patient population with high

susceptibility to iron overload secondary to endogenously

increased intestinal iron absorption [36].

Clinical observations have suggested that splenectomy in TI

can contribute to an increased susceptibility to thrombosis

[2,3]. The development of these complications has been

ascribed to the presence of high platelet counts following

splenectomy [37,38] and/or to increased number of nucleated

RBCs [39]. In splenectomized TI patients, thrombin generation

was significantly higher than in control subjects and patients

who had not undergone splenectomy [3]. The high incidence of

ischemic lesions in our splenectomized population may be

attributable to such pathophysiology. The contribution of

splenectomy to hypercoagulability in other hemolytic anemias

(excluding SCD where vasculopathy and sickling dominate the

picture, and TM where the presence of co-morbidities defines

the risk of stroke) may warrant similar brain MRI evaluation,

as cerebrovascular events are increasingly being reported

[40,41]. However, the lack of association between the duration

since splenectomy, nucleated RBC levels, platelet counts and

the incidence of brain pathology questions the clinical impli-

cation of the proposed mechanism.

The milder course of TI compared with TM has provided

patients with survival benefit. However, this increased life

expectancy is not without its own side-effects. Our study

further adds to the role of age in accumulating complications in

TI patients by demonstrating that both WMLs and atrophy

may eventually ensue. This brings further attention to our

aging TI patient population. It directly calls for earlier

intervention to prevent serious long-term sequelae and fortifies

the notion that thalassemia is transforming into an adult

disease [42]. If the pathogenesis of these lesions is to be

understood and potentially other modifiable factors to be

identified, the study of individuals in the earliest stages of

development of the lesions would be valuable.

Further research is required to examine the use of transfu-

sion in preventing brain ischemia in adult, splenectomized, TI

patients. The need to delay or halt the progression of WMLs

should lead to further clarification of the role of some risk

factors and performance of therapeutic trials where WMLs are

used as a surrogate marker for the endpoint of small-vessel

disease.
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