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Abstract 

Background: Beta-thalassemia intermedia (BTI) is a type of hemoglobinopathy with an increased risk of 

cerebrovascular accidents, and transcranial cerebral Doppler ultrasonography (TCD) through determining the 

mean cerebral blood flow velocity (CBFV) can serve to predict the risk of a developing stroke. This study aims 

to compare patients with beta-thalassemia intermedia and healthy individuals in terms of the cerebral blood flow 

velocity.  

Materials and Methods: This research was a case control study on 35 BTI patients and 25 healthy subjects. 

The patients were categorized into three age groups including 7-10, 11-15 and 16-20 years old. The mean 

CBFVs were compared between the two groups. The factors of age, gender, serum ferritin level, hemoglobin 

level, spleen size, thrombocytosis, and thalassemia genotypes were evaluated for their effects on CBFVs.  

Results: Mean CBFVs were significantly higher in all the intracranial arteries of BTI patients compared to 

normal subjects (p-value < 0.05). The hemoglobin levels showed a negative correlation between the left and 

right vertebral arteries of BTI patients in terms of blood flow velocity (p-value < 0.05). The mean CBFVs in the 

left vertebral and basilar arteries were negatively correlated to age in BTI. There was no correlation among 

ferritin level, thrombocytosis, splenomegaly, splenectomy, XmnI polymorphism, and cerebral blood flow 

velocity in the BTI patients group (p-value > 0.05).  

Conclusion: This study showed that cerebral blood flow velocities of BTI patients were higher than normal 

control group. In addition, CBFVs were not affected by factors such as gender, serum ferritin, platelet count, 

size of spleen and XmnI genotype, however, there was negative correlation between age and hemoglobin level 

with CBFVs. 
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Introduction 
Beta thalassemia intermedia (BTI) is a 

type of hereditary hemoglobinopathy 

caused by disorders in the structure of beta 

hemoglobin chains (1, 2). The severity of 

the clinical features depends on the 

destructed globin and the structural 

changes in other chains and the co-

inheritance of the other abnormal globin 

chains (3-5). BTI patients have a higher 

incidence of thromboembolic events 

(about 4%) than the general population. 

These patients are exposed to silent 

infarction (6-8). The main factors in this 

regard include nitric oxide synthesis 

deficiency, vascular endothelial 

dysfunction, chronic anemia, presence of 

conditions for the hypercoagulable state in 

the secondary thrombocytosis, cardiac and 

hepatic dysfunctions, hypothyroidism, 

splenectomy, and irregular transfusions (9-

12). In patients with sickle cell anemia, 

Transcranial Doppler (TCD) 

ultrasonography is used to estimate the 

risk of stroke based on the flow rate of 

intracranial vessels (13). TCD is a simple 

method for achieving accurate and 

reproducible results without side effects 

(14, 15). Since BTI and sickle cell anemia 

are profoundly different in terms of 

pathophysiology, the results based solely 

on measuring the flow rate of intracranial 
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vessels are not reliable. Because of the 

dearth of studies in this field, some studies 

conducted only on sickle cell anemia are 

reported here. 

According to STOP criteria, time averaged 

mean of maximum blood flow (TAMM) is 

classified as usual (TAMM ≤170 m/s), 

conditional (170-200 m/s), and abnormal 

(TAMM ≥200 m/s) in middle cerebral or 

distal carotid arteries. It is recorded at two 

steps with an interval of at least two weeks 

and a transducer of 2 MHz. As STOP 

criteria suggests, there is a risk of stroke at 

values higher than 200 m/s; however, 

transfusion therapy can reduce the risk in 

more than 90% of cases (16, 17). 

Transcranial ultrasound can predict the 

risk of stroke in sickle cell anemia by 

measuring the speed of blood flow in the 

cerebral arteries. Despite the high 

prevalence of thalassemia and with the 

assumption that cerebral blood flow 

velocity in thalassemia is similar to sickle 

cell anemia, the vascular assessment of 

Thalassemia intermedia patients seems 

reasonable to prevent stroke and vascular 

accidents (12). Indeed, coping with the 

debilitating effects of stroke and the long-

term impacts of silent infarctions on the 

life quality of thalassemia patients, such as 

functional and cognitive decline and loss 

of IQ, is necessary through preventive and 

curative measures (18).  

Despite the confirmed association between 

TCD findings and stroke in patients with 

sickle cell anemia (19), no study has been 

done to determine the consequences of 

high blood flow rates in thalassemia 

intermedia patients. Therefore, this study 

aims to compare patients with beta-

thalassemia intermedia and healthy 

individuals in terms of the cerebral blood 

flow velocity in and to investigate the 

effects of factors such as age (20), gender, 

spleen size or spleen resection, blood 

markers, and genetic patterns on the 

cerebral blood flow velocity in those 

patients. 

 

Materials and Methods 

The present study is of a case control type 

conducted in a hematologic outpatient 

clinic in southern Iran. The subjects were 

35 patients from 7 to 20 years of age with 

the confirmed disease. The exclusion 

criteria were transfusion history, diabetes 

mellitus, congestive heart failure, vascular 

thrombotic events, and the use of 

contraceptive pills or hydroxyurea 

capsules in the past six months. The 

control group consisted of 25 healthy 

people with a normal cell count and no 

evidence of a blood disorder. The required 

data were obtained from the patients and 

the existing files. All the blood samples 

were taken in the laboratory of Shafa 

Hospital at 8:00 am, and all the subjects 

had stable hemodynamics and were tested 

in a supine position. 

An examiner performed Doppler sonography 

with a French-made LOOKI device (190198), a 

2-MHz probe for intracranial arteries, and an 8-

MHz probe for internal carotid arteries. The 

standard protocol was performed for all 

contributers at rest and stable condition 

(21) through transtemporal, transorbital, 

transforaminal, and submandibular bone 

windows (22). 

Statistical analysis 

The data analysis was carried out using the 

Kolmogorov-Smirnov test for the 

normality of distribution. After the 

distribution of intracranial blood flow 

velocity was normalized, the effect of 

platelet count on velocity was examined 

with an independent t-test.  

 Depending on the normality of 

distribution, a series of tests were 

performed. The impacts of splenectomy 

and genetic map as well as the effect of 

splenomegaly and Xmnl gene were 

interpreted according to the non-

parametric Mann-Whitney U test and the 

non-parametric Kruskal-Wallis test, 

respectively. The connection between age, 

serum ferritin and hemoglobin level on one 

hand and the blood flow velocity in 

intracranial arteries was investigated using 

Spearman's correlation coefficient. 

ANOVA, i.e., the one-way analysis of 
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variance, was also used to compare the 

speed variations in the age groups. 

Moreover, LSD follow-up tests served to 

compare the differences among the age 

groups in terms of blood flow velocity. A 

regression test was used to study the 

synchronous effects of age and sex 

variables on cerebral blood flow velocity. 

P-values less than 0.05 were considered 

significant. 

Ethical consideration 

Ethical approval was obtained from the 

Ethical Committee of Ahvaz Jundishapur 

University of Medical Sciences. The 

ethical certificate number is 

IR.AJUMS.REC.1394.328. 

 

Results 
The results of the experiments revealed 

that the cerebral blood flow velocities in 

all the intracranial arteries, including 

middle, anterior, posterior cerebral, and 

basilar, and vertebral arteries were 

significantly higher in the BTI patients 

than in the control group (Figure 1). The 

effects of gender and age on the cerebral 

blood flow velocity, as found in the current 

study, are reported in Table I. It was 

observed that males and females were not 

different in this regard. The effect of age 

on the cerebral blood flow velocity in the 

BTI patients yielded significant negative 

spearman’s correlation coefficients of -

0.457 for the basilar artery and -0.445 for 

the left vertebral artery. To gain more 

accurate results, the effects of age and 

gender on cerebral blood flow velocity 

were evaluated through regression 

analyses. The results were significant on 

the right vertebral, basilar, and left 

vertebral arteries. The coefficient of 

determination (R2) was 24% for the basilar 

artery, 27% for the right vertebral artery, 

and 23% for the left internal carotid artery. 

These percentages addressed age and 

gender variables together (Table II). To 

compare the cerebral blood flow velocity 

changes in different age groups, the 

patients were categorized into the three 

groups of 7-10, 11-15and 16-20 years of 

age. There were significant differences 

between the left and right vertebral arteries 

and between the basilar and left internal 

carotid arteries. More details are presented 

in Figure 2. 

The effects of hemoglobin and serum 

ferritin levels are reported in Table III. As 

Spearman’s coefficients in the table 

suggest, regarding their effects on the 

cerebral blood flow velocity in the patient 

groups, the hemoglobin levels were 

negatively correlated in the left and right 

vertebral arteries. Spearman’s correlation 

coefficients referred to the point about 

those two vessels. There was no 

relationship between the serum ferritin 

level and the patients’ cerebral blood flow 

velocity. Table IV presents the effects of 

the spleen status on the cerebral blood 

flow velocity in the patients. Among 35 

BTI patients, 17 (48.6%) had 

splenomegaly, 14 (40%) were 

splenectomized, and 4 had a standard 

spleen size. The size of the spleen and 

splenectomy had no relationship with 

cerebral blood flow velocity. A 

comparison of cerebral blood flow 

velocities between patients with and 

without thrombocytosis is shown in Figure 

3. Sixty percent of the patients had platelet 

counts of less than 500000. In the 

corresponding experiments, 

thrombocytosis was defined as a platelet 

count above 500,000 (23). In the current 

study, the platelet count did not 

significantly influence the cerebral blood 

flow velocity. 

The effect of XmnI polymorphism on the 

cerebral blood flow velocity was evaluated 

too (Table V). Twenty patients were 

analyzed for their genetic XmnI patterns. 

Nine of them were negative for the gene, 

some were +/-, and the rest were +/+. No 

association was found between different 

genetic XmnI patterns and cerebral blood 

flow velocity. Table VI compares the 

cerebral blood flow velocities for B0/B0 

and B0/B+ beta-thalassemia genotypes. Of 

the 25 patients participating in the genetic 

study, 19 were B0/B0 and 6 were B0/B+. 
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The evaluation of the two beta-thalassemia 

genotypes (B0/B0 and B0/B+) and their 

cerebral blood flow velocities showed a 

significant difference in the right internal 

carotid artery, and the velocity was higher 

in the B0/B0 group. 

 

 
Table І. Effects of gender and age association on cerebral blood flow velocity 

*Arteries Female Male P-value Age Spearman's 

correlation coefficient 

P-value 

Rt MCA 72.81 ± 30.89 65.15 ± 

25.37 

0.426 0.098 0.612 

Lt MCA 88.75 ± 31.74 76.37 ± 

23.47 

0.194 -0.059 0.736 

Rt ACA 57.87 ± 16.02 58.21 ± 

24.07 

0.962 -0.167 0.337 

Lt ACA 65.31 ± 18.01 68.11 ± 

31.13 

0.754 -0.186 0.334 

Rt PCA 51.25 ± 21.37 59.63 ± 

21.24 

0.255 -0.206 0.234 

Lt PCA 61.81 ± 20.01 59.42 ± 

28.13 

0.778 -0.253 0.142 

Rt ICA 57.75 ± 19.86 55.11 ± 

18.86 

0.689 -0.153 0.38 

Lt ICA 61.37 ± 20.09 55.58 ± 

30.34 

0.519 -0.250 0.148 

BA 71.25 ± 20.43 64.89 ± 

27.67 

0.453 -0.457 0.006 

Rt VA 59.37 ± 23.59 47.73 ± 

21.25 

0.134 -0.277 0.107 

Lt VA 55.69 ± 22.81 51.96 ± 

19.53 

0.605 -0.445 0.007 

*ACA: anterior cerebral artery, BA: basilar artery, BTI: beta-thalassemia intermedia, ICA: internal carotid artery, MCA: 

middle cerebral artery, PCA: posterior cerebral artery, VA: vertebral artery, Lt: left, Rt: right. 

The association between age and CBF velocity determined by Spearman's rank overall correlation coefficient 

 

Table II. Simultaneous effects of age and gender on cerebral blood flow velocity 

Arteries  Rt 

MCA 

Lt 

MCA 

Rt 

ACA 

Lt 

ACA 

Rt 

PCA 

Lt 

PCA 

Rt 

ICA 

Lt 

ICA 

BA Rt VA Lt VA 

Regression R 

Square 

0.059 0.070 0.243 0.037 0.066 0.062 0.100 0.229 0.238 0.268 0.163 

Unstandardised 

coefficient 

sex 13.692 11.28 -5.32 2.119 -

7.058 

17.064 -2.141 6.448 1.137 11.409 -0.313 

Unstandardised 

coefficient 

Age -0.689 -

5.646 

-

5.353 

-

6.473 

-4.91 -5.2 -

10.972 

-

16.282 

-

17.327 

-

15.399 

-

10.049 

 P-

value 

0.378 0.313 0.377 0.584 0.338 0.359 0.187 0.016 0.013 0.007 0.058 

*ACA: anterior cerebral artery, BA: basilar artery, BTI: beta-thalassemia intermedia, ICA: internal carotid artery,, MCA: 

middle cerebral artery, PCA:posterior cerebral artery, VA: vertebral artery, Lt: left, Rt: right. The evaluation was conducted 

through regression analysis. 

 

 

 

 

 [
 D

O
I:

 1
0.

18
50

2/
ijp

ho
.v

13
i1

.1
16

33
  ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
ph

o.
ss

u.
ac

.ir
 o

n 
20

23
-0

1-
14

 ]
 

                             4 / 12

http://dx.doi.org/10.18502/ijpho.v13i1.11633 
https://ijpho.ssu.ac.ir/article-1-685-en.html


A survey of intracranial blood flow velocity in thalassemia intermedia in Khuzestan Province, Iran 

56                                                                                        Iran J  Ped Hematol Oncol. 2023,  Vol 13. No 1, 51-63 
 

Table III. Relationship of hemoglobin and serum ferritin level with cerebral blood flow velocity 

 Arteries Rt 

MCA 

Lt 

MCA 

Rt 

ACA 

Lt 

ACA 

Rt 

PCA 

Lt 

PCA 

Rt 

ICA 

Lt 

ICA 

BA Rt 

VA 

Lt 

VA 

BTI 

group 

Pearson’s 

coefficient 

070.0-  072.0-  070.. 070.. 07000 07002-  07002 070.0 -

2.0/0  

... 

/0-  

.../0-  

 P-value 07... 0700. 070.. 07... 07.0 0702. 07.2. 07.0. 07002 070.0 070.0 

Control 

group 

Pearson’s 

coefficient 

0070.-  07002 07220 070.. -

0702. 

-0700. -

070.2 

-

072.2 

-

0700. 

-

07000 

-0700. 

 P-value 07.02 07.20 07202 070.. 07..0 070.. 070.0 07000 07000 07..0 0700. 

 P-value 

of two 

groups 

070. 0700 0700 070 070. 0700 07.. 0722 07.0 0700 0702 

*ACA: anterior cerebral artery, BA: basilar artery, BTI: beta-thalassemia intermedia, ICA: internal carotid artery, MCA: 

middle cerebral artery, PCA: posterior cerebral artery, VA: vertebral artery, Lt: left, Rt: right. 

 
 

Table IV. Comparison of splenectomized and non-splenectomized patients as well as three groups of 

patients (normal size spleen, splenomegaly, splenectomized) in terms of cerebral blood flow velocity 

Arteri

es* 

Non-

splenectomized 

(21 patients) 

Splenectomi

zed (14 

patients) 

P-

value 

Normal 

size (4 

patients) 

Splenomeg

aly (17 

patients) 

Splenectomi

zed (14 

patients) 

P-

value 

Rt 

MCA 

68.4 ± 31 69 ± 22 0.49 55.5 ± 23 71.4 ± 32 69.0 ± 22 0.70 

Lt 

MCA 

83.7 ± 27 79.4 ± 29 0.81 75.7 ± 23 85.6 ± 28 79.4 ± 29 0.69 

Rt 

ACA 

58.2 ± 23 57.7 ± 15 0.61 48.7 ± 10 60.4 ± 25 57.7 ± 15 0.85 

Lt 

ACA 

66.3 ± 30 67.5 ± 16 0.17 63.5 ± 11 66.9 ± 33 67.5 ± 16 0.18 

Rt 

PCA 

57.7 ± 21 52.8 ± 21 0.43 60.7 ± 13 57.0 ± 23 52.8 ± 21 0.57 

Lt 

PCA 

59.9 ± 27 61.3 ± 19 0.55 42.2 ± 15 64.1 ± 28 61.3 ± 19 0.98 

Rt 

ICA 

59.6 ± 20 51.3 ± 15 0.37 48.7 ± 19 62.1 ± 20 51.3 ± 15 0.20 

Lt 

ICA 

61.7 ± 31 53 ± 15 0.87 50.0 ± 6 64.4 ± 33 53.5 ± 15 0.70 

BA 74.6 ± 28 57.5 ± 11 0.10 58.5 ± 25 78.5 ± 28 57.5 ± 11 0.09 

Rt VA 58.4 ± 26 44.9 ± 13 0.16 44.5 ± 22 61.7 ± 26 44.9 ± 13 0.09 

Lt VA 59.3 ± 23 45.0 ± 11 0.13 48.2 ± 16 62.0 ± 25 45.0 ± 11 0.09 

*ACA: anterior cerebral artery, BA: basilar artery, BTI: beta-thalassemia intermedia, ICA: internal carotid artery, MCA: 

middle cerebral artery, PCA: posterior cerebral artery, VA: vertebral artery, Lt: left, RT:right. 

The effects of splenectomy and spleen size on CBF velocity were determined via a non-parametric Mann-Whitney U test and 

a non-parametric Kruskul-Wallis test, respectively. 
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Table V. Comparison of three types of XmnI polymorphism in terms of cerebral blood flow velocities 

Arteries* XmnI+/+(2) XmnI+/-(9) XmnI-/-(9) P-value 

Rt MCA 67.5 ± 10.6 64.33 ± 26.25 69.4 ± 25.96 0.72 

Lt MCA 112.5 ± 53.03 77.11 ± 36.01 76 ± 18.17 0.42 

Rt ACA 80.1 ± 8.38 53.67 ± 16.69 53.21 ± 6.53 0.15 

Lt ACA 56 ± 10 63.44 ± 21.42 58.4 ± 11.67 0.57 

Rt PCA 56.5 ± 20.5 61.22 ± 26.48 49.2 ± 17.65 0.69 

Lt PCA 87 ± 2.83 57.67 ± 28.31 50.8 ± 10.8 0.37 

Rt ICA 50.5 ± 0.71 56.22 ± 20 58 ± 15.31 0.62 

Lt ICA 59 ± 15.56 49.22 ± 12.11 54.6 ± 17.59 0.73 

BA 72 ± 32.53 56.78 ± 18.25 53 ± 6.16 0.81 

Rt VA 69.5 ± 38.9 46 ± 17.94 40.2 ± 10.18 0.46 

Lt VA 62.5 ± 14.85 47.56 ± 16.35 45.8 ± 8.79 0.35 
*ACA: anterior cerebral artery, BA: basilar artery, BTI: beta-thalassemia intermedia, ICA: internal carotid artery, MCA: 

middle cerebral artery, PCA: posterior cerebral artery, VA: vertebral artery, Lt: left, RT: right. The results were achieved via 

a non-parametric Kruskul-Wallis test. 

 

Table VI. Comparison of B0/B0 and B0/B+ patients in terms of cerebral blood flow velocity 

Arteries* B0/B0(19) B0/B+(6) P-value 

Rt MCA 70.21 ± 32.32 52.67 ± 11.02 0.239 

Lt MCA 83.74 ± 32.28 67.67 ± 14.84 0.265 

Rt ACA 61.05 ± 19.87 54.67 ± 10.5 0.504 

Lt ACA 68.11 ± 30.96 62.67 ± 16.33 0.824 

Rt PCA 60.37 ± 24.19 52.17 ± 16.22 0.567 

Lt PCA 61.42 ± 28.81 58.13 ± 6.91 0.99 

Rt ICA 66.31 ± 20.05 42.5 ± 6.22 0.007 

Lt ICA 66.21 ± 31.19 49.73 ± 16.41 0.226 

BA 66.05 ± 27.19 60.17 ± 11.16 0.949 

Rt VA 55.26 ± 26.34 39 ± 9.47 0.308 

Lt VA 55.73 ± 22.32 43.83 ± 10.91 0.339 
*ACA: anterior cerebral artery, BA: basilar artery, BTI: beta-thalassemia intermedia, ICA: internal carotid artery, MCA: 

middle cerebral artery, PCA: posterior cerebral artery, VA: vertebral artery, Lt: left, RT: right. The assay was done according 

to the non-parametric Mann-Whitney U test. 

 

 
Figure 1. Comparison of intracranial flow velocities in BTI and healthy cases according to a 

parametric independent student t-test (*: significant difference of p < 0.05 between the groups. ACA: 

anterior cerebral artery, BA: basilar artery, BTI: beta-thalassemia intermedia, ICA: internal carotid 

artery, MCA: middle cerebral artery, PCA: posterior cerebral artery, VA: vertebral artery, Lt: left, Rt: 

right) 

 [
 D

O
I:

 1
0.

18
50

2/
ijp

ho
.v

13
i1

.1
16

33
  ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
ph

o.
ss

u.
ac

.ir
 o

n 
20

23
-0

1-
14

 ]
 

                             6 / 12

http://dx.doi.org/10.18502/ijpho.v13i1.11633 
https://ijpho.ssu.ac.ir/article-1-685-en.html


A survey of intracranial blood flow velocity in thalassemia intermedia in Khuzestan Province, Iran 

58                                                                                        Iran J  Ped Hematol Oncol. 2023,  Vol 13. No 1, 51-63 
 

 

 

 
Figure 2. One-way ANOVA for the comparison of age groups in terms of cerebral blood flow velocity 

(*: significant difference of p < 0.05 between 7-10 and 16-20 age groups, **: significant difference of 

p < 0.01 between 7-10 and 16-20 age groups, #: significant difference of p < 0.05 between 11-15 and 

16-20 age groups, ##: significant difference of p < 0.01 between 11-15 and 16-20 age groups)  

 

 

 
Figure 3. Comparison of cerebral blood flow velocities between the patient groups with and without 

thrombocytosis according to a parametric independent student T-test (*ACA: anterior cerebral artery, 

BA: basilar artery, BTI: beta-thalassemia intermedia, ICA: internal carotid artery, MCA: middle 

cerebral artery, PCA: posterior cerebral artery, VA: vertebral artery, Lt: left, RT: right)  
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Discussion 

This study used the Doppler ultrasound 

technology to evaluate the hemodynamic 

and intracranial flow velocities in BTI 

patients as compared to a control group of 

healthy people. The results generally 

showed that the blood flow velocities in all 

intracranial arteries, including middle, 

anterior, posterior cerebral and basilar 

arteries, as well as vertebral arteries were 

significantly higher for the BTI patients 

than for the control group. Due to various 

contradictory factors, the evaluation of 

atherosclerosis in patients with BTI has 

always been a field of ongoing research. 

Lowering the serum cholesterol and blood 

viscosity through lowering the hematocrit 

and arterial blood pressure is a task that 

can reduce the incidence of 

atherosclerosis. So, anemia is an 

independent risk factor for cardiovascular 

diseases, and a severe iron overload is a 

risk factor for atherosclerosis (24-26). In a 

study by Nassef et al. (26), atherosclerosis 

in adult patients with thalassemia 

intermedia was assessed by the measuring 

of the conduit artery flow velocity and 

wall thickness using color Doppler 

ultrasound. It emerged that a combination 

of laboratory tests of cholesterol and 

ferritin panels might provide a clearer view 

of atherosclerosis. Similarly, transcranial 

Doppler findings showed that mean flow 

velocities and pulsatility indices were 

higher in the patients than in the controls. 

In splenectomized patients, 

hypercoagulability rises due to the 

prevalence of phosphatidylserine-positive 

red blood cells, thrombin generation, and 

microvesicles (27). Nassef et al. (26) 

compared splenectomy and 

nonsplenectomy patients and showed that 

the total leukocyte count, platelet count, 

lactate dehydrogenase, ferritin, PSV, left 

MFV, and MCA were all significantly 

higher in the splenectomy cases. This is in 

contrast to the results of the present study; 

there was no significant difference 

between the BTI males and females in this 

regard. As Nassef and his colleagues 

stated, more than one parameter should be 

applied to assess atherosclerosis in beta-

thalassemia intermedia. They also found 

some evidence for an increased risk of 

central rather than peripheral ischemia in 

the patients. Age is another known factor 

that affects cerebral blood flow velocity 

(20, 28, 29). According to the results of 

this study, the average blood flow velocity 

in the age group of 7-10 years was higher 

than that in the age group of 16-20 years, 

which is consistent with the results of 

some other studies that reported an 

increase in the blood flow velocity of 

healthy people under 10 (30, 31). In the 

present study, there was no significant 

relationship between gender and blood 

flow velocity in the cerebral arteries of the 

thalassemia intermedia patients. A study 

by Tarumi et al. (20) showed that 

increasing age is correlated with increased 

cerebral blood flow pulsatility after 

midlife. It was also observed that diastolic 

cerebral blood flow was lower but steady-

state cerebral blood flow was higher in 

women than in men of similar age. Next, 

age and gender-related variations in 

cerebral blood flow pulsatility were found 

to be independently correlated with carotid 

pulse pressure. In two studies on healthy 

subjects, increased blood flow velocity in 

both middle cerebral and basilar arteries 

was reported in girls aged 4-8 (32) and in 

girls aged 10-16 (33).One of the most 

influential factors in increasing the blood 

flow velocity of cerebral arteries is 

hemoglobinopathy (34, 35). In an 

experiment, the effect of hemoglobin level 

on the cerebral blood flow velocity of the 

patient was negatively correlated to the 

blood velocity in the left and right 

vertebral arteries. Although the present 

study and a similar study by Ashjazadeh 

(36) found no evidence of stroke among 

thalassemia intermedia patients, some 

studies have reported silent infarctions in 

thalassemia intermedia patients (10, 37-

39). Increased blood flow velocity and 

severe anemia with the risk of ischemic 

stroke have also been proved in patients 
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with sickle cell anemia (40-43). Most brain 

strokes in BTI patients are reported as 

small vessel ischemic strokes, but TCD 

prediction power in this case is restricted 

because it only examines large vessels (37, 

39). This study showed no significant 

relationship between blood flow velocity 

and serum ferritin levels in thalassemia 

intermedia patients. However, in the 

patients with sickle cells studied by 

Santiago (9), a direct correlation was 

found between ferritin levels and cerebral 

blood flow velocity. In this study, the 

platelet count in the thalassemia 

intermedia patients was under 500,000 in 

21 people (60%) and more than 500,000 in 

14 people (40%). Following splenectomy, 

there was no significant relationship 

between platelet counts and 

thrombocytosis with intracerebral blood 

flow velocity. As another finding in this 

research, the size of the spleen and the 

history of splenectomy did not correlate to 

the blood flow velocity. Kawasaki (44) 

and Karimi (45) reported similar results on 

major thalassemia patients. However, an 

increased incidence of asymptomatic 

stroke in patients with thrombocytosis 

splenectomy thalassemia intermedia was 

identified in MRI studies by Musallam 

(37). In the present study, XmnI 

polymorphism genes were searched in 20 

patients. Of them, 9 were heterozygote, 2 

were homozygote, and the remaining 9 had 

no gene. There were no differences in the 

cerebral blood flow velocity between the 

three groups. In BTI patients, the 

appearance of the XmnI gene as the level 

of fetal hemoglobin rises is an optimal 

factor in the disease phenotype and a 

strong predictor of the disease severity (46, 

47). Of the 35 patients, 26 underwent 

genotypic analyses for beta gene mutation, 

but 16 lacked the IVS-1-6 gene. The non-

gene group show increasing blood flow 

velocity in the right internal carotid which 

is consistent with previous studies that 

disease phenotype improves in the 

presence of IVS-1-6 gene (48, 49). The 

limited size of the sample in this study can 

be a shortcoming for the assessment of the 

effects of variables. So, there is a need for 

prospective studies on larger populations. 

Although transcranial Doppler sonography 

is a non-invasive method of determining 

CBFVs, the examiner’s skill, high 

sensitivity, and positive predictive value of 

TCD for screening arterial stenosis are its 

major limiting factors. It is recommended 

that the relationship of cerebral blood flow 

velocity and brain infarctions, both silent 

and symptomatic, be verified through the 

brain MRI of thalassemia intermedia 

patients. If there is any relationship 

between cerebral blood flow velocity and 

cerebrovascular accidents, transcranial 

Doppler sonography can be used as a 

primary stroke prevention method in 

thalassemia intermedia. 

 

Conclusion  
This study showed that cerebral blood 

flow velocities of BTI patients were higher 

than normal control group. In addition, 

CBFVs were not affected by factors such 

as gender, serum ferritin, platelet count, 

size of spleen and XmnI genotype , 

however, there was negative correlation 

between age and hemoglobin level with 

CBFVs. 
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