
INTRODUCTION

Beta-thalassemia is a genetically inherited condition 
that disrupts the formation of beta chains of globulin 
which is necessary to sustain an appropriate shape of 

1,2
red blood cells.  Epidemiological studies indicated that 
more than 6% (7.8 billion) of the global population is 
affected with this disease, whereas in South-East Asia, 

3the numbers reach up to 23% (1.7 billion).  Standard 
treatment for this condition is the transfusion of blood 
regularly so the individual suffering from this condition 
could survive. The drawback of this transfusion therapy 
is that it results in iron repertoire formation in the vital 
organs of the body, which include endocrine glands, 
liver, and heart. The principal cause of morbidity and 
mortality in beta-thalassemia patients is myocardial 
siderosis causing heart failure which constitutes about 

4
50% of the cases in people of age 35-40 years.  To tackle 
this problem, chelation therapy can compensate for the 
excessive iron accumulated in the organ and therefore 
increase the rate of survival as well as the quality of life 

5,6 
among those affected individuals. However, this 
therapy has its pros and cons, which is revealed by a 

7,8
wide range of studies.  
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On the other hand, imaging devices like magnetic 
resonance imaging (MRI) are employed to evaluate the 
iron chelation therapeutic effects based on signal 
intensity on T1 and T2 weighted sequences, as lower 

8signal intensity suggests iron overload.  Such 
intervention expedites the assessment of iron levels in 
the body before the onset of dysfunction of organs and 

10,11
hemosiderosis could set in.  
Many studies showed that beta thalassemia affects the 
neurological conditions of those individuals who suffer 

12,15from this disease.  However, these neurological 
anomalies have not been fully compiled or discussed 
yet. In this article, we will discuss these neurological 
impairments caused by beta-thalassemia and their 
possible curative therapy to alleviate some of these 
conditions. 

EXTRAMEDULLARY HEMATOPOIESIS

Extramedullary hematopoiesis (EMH) is a homeostatic 
phenomenon that arises among chronic anemic 
patients in which hematopoietic foci are formed other 
than bone marrow to compensate the circulatory 

16-18
needs.  In 1954, Gatto and their colleagues reported 
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VISUAL EVOKED POTENTIALS (VEP)

Studies have been reported that visual evoked 
potential values are altered from the normal range in 
beta-thalassemic individuals due to iron overload and 
on the other hand neurotoxicity due to DFO is another 
culprit which causes disrupted visual evoked potential 

24-25,27-28
according to some reports.
 

BRAINSTEM AUDITORY EVOKED 
POTENTIAL (BAEP)

From Wong's study, slight sensor-neural loss occurs 
which was seen in 15% of their patients while 
Triantafyllou et al. 1991 suggested that this abnormality 

26,29is reversible when the treatment of DFO is stopped.  
Another interesting observation is put forward by Teli 
and their colleagues, where they found abnormal 
values of BAEP among thalassemia-intermedia 

14patients.
   

SOMATOSENSORY EVOKED POTENTIAL 
(SSEP)

In the continuation of Wong's study, another 
neurological procedure was conducted to assess 
somatosensory evoked potential among thalassemic 

26individuals.  According to their report, a total of 12% of 
patients had increased subclinical cortical impairment 
either in their posterior tibial or median SSEP. This 
condition has also been reported in thalassemia-

14 intermedia individuals by Teli et al study. In their report, 
they revealed that 4% of their thalassemic patients had 
aberrant values of somatosensory evoked potential, 
suggesting that this complaint is due to no blood 
transfusions and chelation therapy among these 
patients. Along with that, deteriorated somatosensory 
impulses and subclinical neurological lesions might be 
triggered by chronic anemia associated with 
coagulopathy co-morbid with hypoxia.

NEUROPATHY AMONG BETA-THALASSEMIA 
VARIANTS MYOPATHY

Myopathy is a neuromuscular disease that leads to 
dysfuntioning of muscle fibers causing muscle 
weakness. Myopathy among beta-thalassemia patients 
is common due to limited blood oxygen supply to 
muscular tissues. It was first reported by Logothetis 
and their colleagues in which they disclosed that lower 
limbs of thalassemic individuals had proximal weakness 
along with irregular electromyographic values. 

the extramedullary hematopoiesis in the splenecto-
mized patient presented with Cooley's disease and 

19spinal cord compression.   Extramedullary foci of 
hematopoiesis formations tend to be deliberate whose 
symptoms do not appear simultaneously. However, 
when the size of the foci starts to increase, causing the 
appearance of various nerve compressions, both 
cranial and spinal and peripheral in nature. To 
determine the severity of signs and symptoms, it is 
necessary to identify the location, size and type of 
nerve in jury,  and the degree of  spinal  cord 

16,18,20
participation.  When cranial nerve compression 
progresses, it results in optic neuropathy, and visual 
impairment due to pinching of the optic canal, which 

21rarely occurs.  
Another rare complication associated with thalassemic 
patients is a loss of auditory perception when foci start 

22
to form in the middle ear.   Paravertebral masses 
accumulation compresses either cauda equina or spinal 
cord which disrupts sensory and motor neurons 
signaling that results in sexual dysfunction, paresthesia, 
ankle clonus, paraplegia and loss of sphincter control. 
But these symptoms range from mild to intricate 
presentation when clinically assessed. Prompt 
diagnosis might prevent irreparable damage to the 
nervous system due to EMH subclinical nature. 

EVOKED POTENTIAL

The evoked potential is a medical procedure used to 
evaluate the health of the brain and their nerve 

23impulses.  This technique is typically utilized for 
demyelinating diseases; meanwhile, it is also employed 
for thalassemia because it allows physicians to 
recognize subclinical lesions in the nervous system. 
Various studies revealed that deferoxamine (DFO) 
neurotoxicity interacts with the visual and auditory 

24,25pathway of thalassemic patients.  
Limited literature has been reported regarding sensory 
evoked potential (SEP) and nerve conduction studies 
a m o n g  t h a l a s s e m i c  i n d i v i d u a l s .  H o w e v e r , 
neurophysiological studies done among thalassemic 
patients revealed aberrant results, SEP of two patients 

26 was aggravated by type II diabetes. These abnormal 
findings of various neurophysiological studies are 
linked with older age, hemosiderosis, DFO neurotoxi-
city, chronic hypoxia, or either with pancreas siderosis. 
Subclinical lesions in the central nervous system are 
hard to detect and diagnose. So, the evoked potential 
approach is generally utilized due to their high 
sensitivity and specificity to uncover neurological 
lesions.  
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Similarly, Nemtas et al, 2018 conducted electro-
myographic studies among 36 beta-thalassemia 
patients in which a total of 10 patients had myopathy 
alone while the other six had polyneuropathy 

30-31
accompanied by myopathy.  Both upper and lower 
extremities had aberrant electromyographic values 
along with proximal weakness in them. 

PERIPHERAL NEUROPATHY

Peripheral neuropathy is a neuropathophysiological 
condition in which nervous stimulus (both sensory and 
motor in nature) from the central nervous system to 
peripheral nerves are disrupted due to the paucity of 
blood supply and prolonged hypoxia that aggravate 
demyelination and severely injure nerve fibers (axons). 
This event interrupts the appropriate signaling and 
working of peripheral nerves in bodily functions. 
Stamboulis et al. first introduced axonal sensorimotor 
neuropathy term., in 2004 which is described as 
reduced capacity to sense and move due to the damage 
done to axonal nerve fibers which disrupt the sensory-

32
motor response of beta-thalassemic individuals.  
Nerves which are especially affected among these 
individuals are peroneal and ulnar nerves. According to 
Stramboulis, this neuropathy results from low 
hematocrit level, that is worsened with increasing age 
and other pulmonary complications. According to 
Papanastasiou and their co-workers, they reported that 
22% of their patients had peripheral neuropathic 

33
symptoms confined to motor nerve fibers.   However, 
Zafeirious study was contrary to Papanastasiou in 
which they revealed clinically that among 25% of their 
thalassemic patients had reduced sensory conduction 
velocity value followed by 10% of motor nerve impulses 

33-34disruption.   However, many studies indicated that 
13

sensory polyneuropathy rate has increased up to 78%.   
Loss of essential nutrients or minerals, iron overload, 
drug-induced neurotoxicity, and chronic hypoxia due to 
severe anemia are the contributing factors behind this 
increased incidence of sensory polyneuropathy. An 
interesting finding of neurophysiological studies 
reported by Sawaya (2006) in which they suggested 
that symptoms of sensory neuropathy are more 
excessive in those who are suffering from intermedia 

35condition.   
Circulatory insufficiency, chronic hypoxia, and average 
age are the possible factors described by Sawaya and 
Stamboulis et al., which makes neuropathy aggravated 
in such patients.  However, until now, there is no 
literature available to testify that peripheral neuropa-
thy is more aggressive either in major or intermedia 

state. However, nerve conduction studies were 
considerably fine among those who had regular 
chelation and transfusion therapy. In around 76% of 
thalassemia patients, their quality of life affected due to 
peripheral neuropathy which negatively impacts their 

36survival activities.  Various factors such as chronic 
hypoxia, average age irrespective of sex, iron overload, 
and drug induced neurotoxicity, are thought to be 

7,13,32,35
associated with the development of neuropathy.  
Nevertheless, the main culprit behind this illness 
remains a question among clinicians. 
 

STROKE

In both beta-thalassemia major and intermedia, the 
hypercoagulable state is the major risk factor resulting 
in thrombotic stroke due to an increased level of 
activated platelets and hemolyzed red blood cells that 

37,38
leads to the formation of thrombin.  This coagulable 
condition is triggered due to chronic anemia in 
thalassemic patients which leads to ischemic strokes 
(0.25–0.46%) rarely while 3% of cases result in 

39,40 
hemorrhagic stroke. In 1972, compatibility between 
transient ischemic attacks and a stroke syndrome was 
shown in about 28 out of 138 cases of beta-

41thalassemia.  Another study indicated that 2.2% of beta 
thalassemic patients were diagnosed with transient 
ischemic attacks with symptoms of hemiparesis, 

31
headache, and seizures.  Recently thromboembolic 
events have been witnessed in a mixed population with 
thalassemia intermedia and thalassemia major as 

13reviewed in Nemtas review.  Large hemispheric 
territorial infarcts are evident in patients with beta 

1 5 , 4 2 , 4 3thalassemic patients.  It  is  assumed that 
arrhythmias and siderosis induced cardiomyopathy 

39,44,45incite cardioembolic stroke in these patients.  In 
thalassemia-intermedia patients, a cerebrovascular 
disease typically presents with asymptomatic ischemic 
lesions that affect profound brain structures except for 

42cerebral cortex that remains unaffected.  According to 
46

Taher et al, study , thromboembolic disease, was the 
fifth most common complication, which affected 14% of 
the patient population. Splenectomy was also seen as a 
cause of silent cerebral infarcts in most of these 

4 6 , 4 7
affected patients.  To ameliorate the anemic 
condition, splenectomy could prevent thrombocyto-
penia and profound anemia that is associated with most 

43,48of the clinical cases of severe splenomegaly.  

CHELATION THERAPY NEUROTOXICITY

Chelation therapy regulates iron by preventing the 
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disclosed that putamen, caudate nucleus, and temporal 
and motor cortex are the sites where the high iron 
deposition was recorded which affects memory and 
proper cognitive functioning. Regular checkups, the 
specific time interval between blood transfusions and 
on time administration of deferoxamine and 
transfusions can alleviate the chances of intellectual 
incapacitation associated with beta thalassemia. 
Recent studies indicated that the intellectual ability of 
these patients does not change considerably as 

56-57
compared to non-affected individuals.  However, in 
Duman's study, their patients indicated significantly 
impaired cognitive skills and recognition of stimulus 

56along with aberrant processing of information.  So, 
this intellectual deficit and abnormal IQ could be the 
result of sub-clinical brain lesions or aberrant evoked 
potential. 
Apart from beta thalassemia, thalassemia-intermedia 
patients' intellect is also affected, which is prominent 

14from the Teli's study.  They thoroughly evaluated the 
thalassemia-intermedia patients IQ by using the 
Weschler intelligence scale and found that out of 24 
patients, approximately three patients had an IQ level 
less than 85, whereas two patients showed modest 
intellectual disability. High iron deposition in the 
patients or brain atrophy might be the triggering agent 
behind their intellectual discordance. However, 
according to Jokinen et al., cognitive decline is 

57
aggravated with cerebral atrophy.  Thus, to prevent 
intellectual incapacitation, there is a strong need to 
diagnose this condition before onset, so the quality of 
life and disease management among these affected 
individuals can be improved. Psychometric scales allow 
doctors to evaluate the neuropsychology of an 
individual whereas in the case of beta-thalassemia 
patient's literature regarding cognitive functioning 
among thalassemic patients is highly finite.
 

POSSIBLE THERAPEUTIC INTERVENTION

HYDROXYCARBAMIDE:
Hydroxycarbamide or hydroxyurea is a therapeutic 
molecule composed of hydroxylated urea previously 
used for sickle cell anemia but nowadays, utilized in 

58
beta-thalassemia.  It has been observed that the 
administration of hydroxycarbamide (10–20 mg/kg per 
day) in these individuals promote gamma-globin 
expression and increases fetal hemoglobin level 

58 
(HbF). This intervention remarkably improves various 
h e m a t o l o g i c a l  a n o m a l i e s  ( e x t r a m e d u l l a r y 
hematopoiesis and splenomegaly) that instigate 
neurological deficits in thalassemia affected individuals. 

formation of hemosiderin in the vital organs, which 
increases the quality of life among thalassemic 

5,6
patients.  However, many reports clearly indicated the 
adverse effects of therapy in which principal among 
them is neurotoxicity. Several factors indicate that DFO 
causes neurotoxicity through the formation of oxygen 
free radical and by inhibiting the action of essential 

12enzymes.  However, their effects vary from individual 
to individual, which ought not to be ignored. 
Neurological anomalies primarily associated with this 
therapy are the loss of auditory and optic perception. 
However, these conditions are hard to diagnose due to 
its subclinical nature. Some of these anomalies are:

DFO OTOXICITY: DFO Therapy negatively intervenes 
and exacerbates the auditory pathway of thalassemic 

22,49
patients disrupting their sensory-neural response.  
Upon cessation, reverses this illness but leaving them 
with a minor discrepancy in their auditory perception.
 
DFO INDUCED OPTIC NEUROPATHY: Recent studies 
showed that loss of optic perception was associated 

22,50
with DFO toxicity among thalassemic patients.  It was 
observed in Orton's study that when chelation therapy 
was stopped, it resulted in a slight visual loss; however, 
one of the children experienced severe vision loss in 

51 
one eye.
DFO ASSOCIATED PERIPHERAL NEUROPATHY: In 
contrast to other neurotoxicity, peripheral neuropathy 

13,32-34may also be the result of DFO regime.  Clinical 
manifestation of their condition is characterized by 
myalgias, attenuate muscle power, and paresthesia, 
which can be analyzed through neurophysiological 
tests.
  

COGNITIVE DEFICITS

Beta-thalassemia causes cognitive deficit and was first 
described by Orsini and their colleagues which was 
further confirmed by Monstero et al, by performing a 

52,53
different spectrum of neuropsychological tests.  
Their results showed that intellectual incapacitation 
was higher in those adults' thalassemic patients who 
had hemosiderosis. While in thalassemic children who 
had mild cognitive dysfunction with an IQ less than 85 

54were seen in Economou et al, study.  It was first 
assumed that hypoxia causes cognitive deficit due to 
insufficient blood supply to the brain. On the other 
hand, iron deposition in critical areas of the brain (which 
contributes towards proper cognitive functioning), 
also leads to intellectual impairment. A study 

55performed by Metafratzi and their colleagues    
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integrity of red blood cells but can also mitigate 
neurological anomalies aggravated with such genetic 
conditions. But this technique is currently facing various 
challenges such as controlling transgene expression, 
the safety of viral vectors, off-target insertion, and 

 
exaggerated immunological response. Once these 
challenges are rigorously dealt can effectively qualify 
for clinical studies and trials. 

CONCLUSION

Up till now, there is no possible curative therapy 
available for this condition except for bone marrow 
transplant. However, there has been a substantial 
improvement in thalassemia therapeutics to ameliorate 
patients' survival and quality of life which includes 
suppressing the iron accumulation in visceral organs, 
fulfilling the circulatory demand, by averting the 
development of hematological malignancies, efficiently 
tackling neurotoxicity and neuropathy by employing 
iron regulators (hepcidin) and calcium channels 
inhibitors. Since these therapeutic interventions 
proposed for beta-thalassemia are either under clinical 
trials or performed at a small clinical setting, therefore, 
further research studies and large-scale clinical trials are 
needed to evaluate their efficacy in the amelioration of 
beta-thalassemia. 

AUTHORS' CONTRIBUTION: FHS contributed to the 
conception and design of the study. RK, JI, STS, SS and FK 
manuscript writing and acquisition published literature. FHS, 
ATK, AAK revised the manuscript critically and gave final 
approval. 
 NoneCONFLICT OF INTEREST: 

FUNDING: None

Received: September 04, 2019

Accepted: July 29, 2020

REFERENCES

1.    Origa R. β-Thalassemia. Genet Med 2017;19:609-19.
            doi: 10.1038/gim.2016.173.
2.        Cao A, Galanello R. Beta-thalassemia. Genet Med 2010; 

12:61-76. .doi: 10.1097/GIM.0b013e3181cd68ed
3.         Hossain MS, Raheem E, Sultana TA, Ferdous S, Nahar N, 

Islam S, et al. Thalassemias in South Asia: clinical 
lessons learnt from Bangladesh. Orphanet J Rare Dis 
2017; 12: 93. doi: 10.1186/s13023-017-0643-z.

4.        Hamideh D, Alvarez O. Sickle cell disease related mort-
ality in the United States (1999–2009). Pediatr Blood 
Cancer 2013; 60:1482-6. doi: 10.1002/pbc.24557.

However, long term administration of hydroxyurea has 
shown some deleterious adverse effects in thalassemia 
patients', i.e. hematopoietic toxicity, hyperpig-
mentation, gastrointestinal issues along with disrupted 
liver enzymes levels that might give rise to other 
anomalies. Therefore, continuous follow up are 
required to monitor the effects, and also additional 
studies are required to optimize their regular dosage to 
minimize the adverse interaction among these beta-
thalassemia patients. 

DFO TOXICITY TREATMENT

Deferoxamine toxicity can be efficiently tackled by 
using hepcidin, a short peptide that could ameliorate 
iron overload by reducing the iron level in blood serum 

th3/l of these affected individuals. Hbb mice studies 
indicated that low level of hepcidin causes more 

59absorption of iron in the blood.  However, by the 
administration of a structured dose of hepcidin 
regulates the iron concentration in the serum and also 
reduces damage caused to erythrocytes by ferric ions.

TREATMENT OF NEUROPATHIES

Neuropathy can be alleviated by using calcium channel 
α-2-γ subunits inhibitors as they interact with primary 
afferent nociceptors by binding to calcium channel, 
thereby inhibiting the release of the neurotransmitter. 
Gabapentin and Pregabalin widely employed drugs 
whose effects are studied in many neuropathic 

 
syndromes. However, they affect renal functioning.  
Therefore, it is advised that their dosage must be 
adjusted for a better therapeutic outcome in these 
patients.

GENE THERAPY

Gene therapy is a mainstream molecular technique 
through which a mutated gene can be substituted with 
therapeutic nucleic acid through viral vectors to revive 
the normal homeostasis impeded by mutated protein 
products. In the case of beta-thalassemia, BCL11a is a 
transcriptional factor that is encoded by the BCL11A 
gene whose function is to regulate fetal hemoglobin 
(HbF) to hemoglobin A (HbA) in adult red blood cells. It 
has been assumed that re-modulating fetal hemoglobin 
concentration can correct the beta- globulin chains of 
hemoglobin. Such a technique can be performed by 
procuring autologous cells, fixing the mutation, 
repopulation of recombinant stem cells to an optimum 
level, and reintroduction of stem cells in the affected 

 individual. This approach not only revives the normal  

 

Shah et al. Neurological Deficits among Beta-Thalassemia Patients

87J Dow Univ Health Sci 2020, Vol. 14 (2): 83-90

doi:%2010.1038/gim.2016.173.
doi:%2010.1038/gim.2016.173.
doi:%2010.1097/GIM.0b013e3181cd68ed
doi:%2010.1186/s13023-017-0643-z.
doi:%2010.1002/pbc.24557.


ary haematopoiesis: A pictorial review of its typical 
and atypical locations. J Med Imaging Radiat Oncol 

2012; 56:538-44. doi: 10.1111/j.1754-9485.2012. 02397.x.
17.       Orphanidou-Vlachou E, Tziakouri-Shiakalli C, Georgia-

des CS. Extramedullary Hemopoiesis. Semin 
U l t r a s o u n d  C T  M R  2 0 1 4 ;  3 5 : 2 5 5 - 6 2 .  d o i : 
10.1053/j.sult.2013.12.001.

18.        Zhu G, Wu X, Zhang X, Wu M, Zeng Q, Li X. Clinical and 
imaging findings in thalassemia patients with 
extramedullary hematopoiesis. Clin Imaging 2012; 
36:475-82. doi: 10.1016/j.clinimag.2011.11.019.

19.        Gatto I, Terrana V, Biondi L. Compression of the spinal 
cord due to proliferation of bone marrow in epidural 
space in a splenectomized person with Cooley's 
disease. Haematologica 1954; 38:61-76. doi: 
10.1016/s0950-3536(05)80073-3.

20.        Haidar R, Mhaidli H, Taher AT. Paraspinal extramedull- 
ary hematopoiesis in patients with thalassemia 
intermedia. Eur Spine J 2010; 19:871-8. DOI: 
10.1007/s00586-010-1357-2

21.      Liaska A, Petrou P, Georgakopoulos CD, Diamanti R, 
Papaconstantinou D,  Kanakis  MG, et  al .  β-
Thalassemia and ocular implications: a systematic 
review. BMC Ophthalmol 2016; 16:102. DOI: 
10.1186/s12886-016-0285-2

22.       Faramarzi A, Karimi M, Heydari ST, Shishegar M,  Kav-
iani M. Frequency of sensory neural hearing loss in 
major Beta-thalassemias in southern iran. Iran J 
Pediatr 2010; 20 3:308

23.      Chiappa KH, Ropper AH. Evoked potentials in clinical 
medicine. N Engl J Med 1982; 306:1140-50. DOI: 
10.1056/NEJM198205133061904

24.        Badfar G, Mansouri A, Shohani M, Karimi H, Khalighi Z, 
Rahmati S, et al. Hearing loss in Iranian thalassemia 
major patients treated with deferoxamine: A 
systematic review and meta-analysis. Casp J Intern 
Med 2017; 8:239-49. DOI: 10.22088/cjim.8.4.239

25.   El-Shazly AA, Ebeid WM, Elkitkat RS, Deghedy MR. 
Electroretinographic nd Visual-evoked potential 
changes in relation to chelation modality in children 
with thalassemia. Retina 2017; 37:1178-75. DOI: 
10.1097/IAE.0000000000001315

26.    Wong V, Li A, Lee AC. Neurophysiologic study of β-
thalassemia patients. J Child Neurol 1993; 8:330-5.  
DOI: 10.1177/088307389300800407

27.   Azouz HG, Hassab HM, Elghany HM, Abdallah MA. 
Neurophysiologic evaluation of children with beta-
thalassemia major. J Pediatr Neurol 2015; 13:110-5.

28.     Raz S, Koren A, Levin C. Attention response inhibition 
and brain event-related potential alterations in adults 
with beta-thalassaemia major. Br J Haematol 2019; 
186:580-91. DOI: 10.1111/bjh.15957

29.   Triantafyllou N, Fisfis M, Sideris G, Triantafyllou D, 
Rombos A, Vrettou H, et al. Neurophysiological and 
neuro-otological study of homozygous beta-
thalassemia under long-term desferrioxamine (DFO) 
treatment. Acta Neurol Scand 1991; 83:306-8.  

5.         Taher AT, Porter JB, Kattamis A, Viprakasit V, Cappellini 
MD. Efficacy and safety of iron-chelation therapy with 
deferoxamine, deferiprone, and deferasirox for the 
t r e a t m e n t  o f  i r o n - l o a d e d  p a t i e n t s  w i t h 
nontransfusion-dependent thalassemia syndromes. 
Drug De s  De ve l  T he r  2 0 16 ;  10 : 4 0 73 - 8 .  d o i : 
10.2147/DDDT.S117080.

6.    Senol SP, Tiftik EN, Unal S, Akdeniz A, Tasdelen B,  
Tunctan B. Quality of life, clinical effectiveness, and 
satisfaction in patients with beta thalassemia major 
and sickle cell anemia receiving deferasirox chelation 
therapy. J Basic Clin Pharm 2016; 7: 49-59.   doi: 
10.4103/0976-0105.177706

7.     Ansari S, Azarkeivan A, Miri-Aliabad G, Yousefian S,  
Rostami T. Comparison of iron chelation effects of 
deferoxamine, deferasirox, and combination of 
deferoxamine and deferiprone on liver and cardiac 
T2* MRI in thalassemia maior. Casp J Intern Med 2017; 
8:159-64. doi: 10.22088/cjim.8.3.159

8.        Saliba AN, Harb AR, Taher AT. Iron chelation therapy in 
transfusion-dependent thalassemia patients: current 
strategies and future directions. J Blood Med 2015; 
6:197-209.  doi: 10.2147/JBM.S72463.eCollection 2015.

9.        Argyropoulou MI, Astrakas L. MRI evaluation of tissue 
iron burden in patients with beta-thalassaemia major. 
Pediatr Radiol 2007; 37:1191-309. doi: 10.1007/s00247-
007-0567-1.

10.     Jackson  LH,  Vlachodimitropoulou  E,  Shangaris  P, 
Roberts TA, Ryan TM, Campbell-Washburn AE, et al. 
Non-invasive MRI biomarkers for the early assessment 
of iron overload in a humanized mouse model of β-
t h a l a s s e m i a .  S c i  R e p  2 0 1 7 ;  7 : 4 3 4 3 9 .  d o i : 
10.1038/srep43439.

11.        Papakonstantinou O, Drakonaki EE, Maris T, Vasiliadou 
A, Papadakis A,  Gourtsoyiannis N. MR imaging of 
spleen in beta-thalassemia major. Abdom Imaging   

               2015; 40:2777-82.  doi: 10.1007/s00261-015-0461-5.
12.    Zafeiriou DI, Economou M, Athanasiou-Metaxa M. 

Neurological complications in β-thalassemia. Brain 
Dev 2006; 28:477-81. doi: 10.1016/j.braindev.2006. 
02.005.

13.        Nemtsas P, Arnaoutoglou M, Perifanis V, Koutsouraki 
E, Orologas A. Neurological complications of beta-
thalassemia. Ann Hematol 2015; 94:1261-5. doi: 
10.1007/s00277-015-2378-z.

14.       Teli A, Economou M, Rudolf J, Tzovaras F, Gourtsa V, 
Kondou A, et al. Subclinical central nervous system 
involvement and thrombophilic status in young 
thalassemia intermedia patients of Greek origin. 
Blood Coagul Fibrinolysis 2012; 23:195-202. doi: 
10.1097/MBC.0b013e32834f0ac0.

15. 	 Rigano P, Pecoraro A, Calvaruso G, Steinberg MH, 
Iannello S, Maggio A. Cerebrovascular events in sickle 
cell-beta thalassemia treated with hydroxyurea: A 
single center prospective survey in adult Italians. Am 
J Hematol 2013; 88:E261-4. doi: 10.1002/ajh.23531.

 16.      Sohawon D, Lau KK, Lau T, Bowden DK. Extramedull-  

 

 
 

Shah et al. Neurological Deficits among Beta-Thalassemia Patients

88 J Dow Univ Health Sci 2020, Vol. 14 (2): 83-90

doi:%2010.1111/j.1754-9485.2012.02397.x.
doi:%2010.1111/j.1754-9485.2012.02397.x.
doi:%2010.1053/j.sult.2013.12.001.
doi:%2010.1053/j.sult.2013.12.001.
doi:%2010.1016/j.clinimag.2011.11.019.
doi:%2010.1016/s0950-3536(05)80073-3.
doi:%2010.1016/s0950-3536(05)80073-3.
https://doi.org/10.1007/s00586-010-1357-2
https://doi.org/10.1186/s12886-016-0285-2
https://doi.org/10.1056/nejm198205133061904
https://doi.org/10.22088/cjim.8.4.239
https://doi.org/10.1097/iae.0000000000001315
https://doi.org/10.1177/088307389300800407
https://doi.org/10.1111/bjh.15957
doi:%2010.2147/DDDT.S117080.
doi:%2010.2147/DDDT.S117080.
https://doi.org/10.4103/0976-0105.177706
https://doi.org/10.22088/cjim.8.3.159
doi:%2010.2147/JBM.S72463.%20eCollection%202015.
doi:%2010.1007/s00247-007-0567-1.
doi:%2010.1007/s00247-007-0567-1.
doi:%2010.1038/srep43439.
doi:%2010.1038/srep43439.
doi:%2010.1007/s00261-015-0461-5.
doi:%2010.1016/j.braindev.2006.02.005.
doi:%2010.1016/j.braindev.2006.02.005.
doi:%2010.1007/s00277-015-2378-z.
doi:%2010.1007/s00277-015-2378-z.
doi:%2010.1097/MBC.0b013e32834f0ac0.
doi:%2010.1097/MBC.0b013e32834f0ac0.
doi:%2010.1002/ajh.23531.


β-thalassemia intermedia (β-TI). Am J Hematol 2008; 
83:77-9.  DOI: 10.1002/ajh.20938

44.       Chin RI, Monda JJ, Sheth M, Ogle W, Merenda G,  De D. 
Papillary fibroelastoma as a cause of cardiogenic 
embolic stroke in a β-thalassemia patient: case report 
and literature review. Case reports Cardiol 2017; 
2017:8185601.  DOI: 10.1155/2017/8185601

45.     Kang JH, Hargett CW, Sevilis T, Luedke M. Sickle cell 
disease, fat embolism syndrome, and “starfield” 
pattern on mri.  Neurol Clin Pract 2018; 8:162 LP-4.  
DOI: 10.1212/CPJ.0000000000000443

46.   Karimi M, Bagheri H, Rastgu F, Rachmilewitz EA. 
Magnetic resonance imaging to determine the 
incidence of brain ischaemia in patients with β-
thalassaemia intermedia. Thromb Haemost 2010; 
103:989–93.  DOI: 10.1160/TH09-09-0661

47.   Taher AT, Musallam KM, Karimi M, El-Beshlawy A, 
Belhoul K, Daar S, et al. Splenectomy and thrombosis: 
the case of thalassemia intermedia. J Thromb 
Haemost 2010;  8:2152-8.  DOI:  10.1111 / j . 1538-
7836.2010.03940.x

48.      Taher AT, Musallam KM, Nasreddine W, Hourani R, In-
ati A, Beydoun A.Asymptomatic brain magnetic       
resonance imaging abnormalities in splenectomized 
adults with thalassemia intermedia. J Thromb 
Haemost 2010; 8:54-9. 

             DOI: 10.1111/j.1538-7836.2010.03940.x
49.   Delehaye E, Capobianco S, Bertetto IB, Meloni F. 

Distortion-product otoacoustic emission: Early 
detection in deferoxamine induced ototoxicity. Auris 
Nasus Larynx 2008; 35:198-202. 

             DOI: 10.1016/j.anl.2007.05.001
50.    Bhoiwala DL, Dunaief JL. Retinal abnormalities in β-

thalassemia major. Surv Ophthalmol 2016; 61:33-50.   
DOI: 10.1016/j.survophthal.2015.08.005

51.    Orton RB, Sulh HM. Ocular and auditory toxicity of 
longterm, high-dose subcutaneous deferoxamine 
therapy.  Can J  Ophthalmol  1985;  20:153-6 .

52.   Orsini A. Nervous manifestations associated with 
thalassemia (critical study of the concept of 
thalassemic neurohemolytic syndrome). Pediatrie 
1967;22:771-84.

53.       Monastero R, Monastero G, Ciaccio C, Padovani A, 
Camarda R. Cognitive deficits in beta-thalassemia 
major. Acta Neurol Scand 2000; 102:162-8.

54        Economou M, Zafeiriou DI, Kontopoulos E, Gompakis 
N, Koussi A, Perifanis V, et al. Neurophysiologic and 
intellectual evaluation of beta-thalassemia patients. 
Brain Dev 2006; 28:14-8. DOI: 
10.1016/j.braindev.2005.03.006

55.     Metafratzi Z, Argyropoulou MI, Kiortsis DN, Tsampo-
ulas C, Chaliassos N, Efremidis SC. T2 relaxation rate of 
basal ganglia and cortex in patients with β-
thalassaemia major. Br J Radiol 2001; 74:407-10. DOI: 
10.1259/bjr.74.881.740407

56.      Duman O, Arayici S, Fettahoglu C, Eryilmaz N, Ozkay-
nak S, Yesilipek A, et al. Neurocognitive function in 

             DOI: 10.1111/bjh.15957
30.    Logothetis  J,  Constantoulakis  M,  Economidou  J, 

Stefanis C, Hakas P, Augoustaki O, et al. Thalassemia 
major (homozygous beta-thalassemia). Neurology 
1972; 22:294-304.  DOI: 10.1212/wnl.22.3.294

31.       Nemtsas P, Arnaoutoglou M, Perifanis V, Koutsouraki 
E, Spanos G, Arnaoutoglou N, et al. Polyneuropathy 
and myopathy in beta-thalassemia major patients. Ann 
Hematol 2018; 97:899-904. DOI: 10.1007/s00277-018-
3251-7

32.      Stamboulis E, Vlachou N, Drossou-Servou M, Tsaftari-
dis P, Koutsis G, Katsaros N, et al. Axonal sensorimotor 
neuropathy in patients with β-thalassaemia. J Neurol 
Neurosurg Psychiatry 2004; 75:1483-6.  DOI: 
10.1136/jnnp.2003.024794

33.   Papanastasiou DA, Papanicolaou D, Magiakou AM, 
Beratis NG, Tzebelikos E,  Papapetropoulos T. 
Peripheral neuropathy in patients with beta-
thalassaemia. J Neurol  Neuro Surg Psychiatry 1991; 
54:997-1000.  DOI: 10.1136/jnnp.54.11.997

34.    Zafeiriou DI, Kousi AA, Tsantali CT, Kontopoulos EE, 
Augoustidou-Savvopoulou PA, Tsoubaris PD, et al. 
N e u r o p h y s i o l o g i c  e v a l u a t i o n  o f  l o n g - t e r m 
desferrioxamine therapy in beta-thalassemia patients. 
Pediatr Neurol 1998; 18:420-4. DOI: 10.1016/s0887-
8994(98)00004-6

35.     Sawaya RA, Zahed L,Tahir A. Peripheral neuropathy in 
thalassemia. Ann Saudi Med 2006; 26:358-63. DOI: 
10.5144/0256-4947.2006.358

36.      Kaushik JS, Verma A, Sharma H, Bala K, Dabla S, Yadav 
A. Peripheral Neuropathy in Thalassemia Major. Indian 
J Pediatr 2019; 86:395-6.  DOI: 10.1007/s12098-018-
2797-7

37.    Sirachainan N. Thalassemia and the hypercoagulable 
state. Thromb Res 2013; 132:637-41.

             DOI: 10.1016/j.thromres.2013.09.029
38.   Taher AT, Otrock ZK, Uthman I, Cappellini MD, 

Thalassemia and hypercoagulability. Blood Rev 2008; 
22:283-92.  DOI: 10.1016/j.blre.2008.04.001

39.      Vassilopoulou S, Anagnostou E, Paraskevas G, Spen-
gos K. Etiology and treatment of ischaemic stroke in 
patients with β-thalassemia major. Eur J Neurol 2011; 
18:1426-8.  DOI: 10.1111/j.1468-1331.2011.03431.x

40.   Incorpora G, Di-Gregorio F, Romeo MA, Pavone P, 
Trifiletti RR, Parano E. Focal neurological deficits in 
children with β-thalassemia major. Neuropediatrics 
1999; 30:45-48. DOI: 10.1055/s-2007-973457

41.        Pignatti CB, Carnelli V, Caruso V, Dore F, De Mattia D, Di 
Palma A, et al. Thromboembolic events in beta 
thalassemia major: an Italian multicenter study. Acta 
Haematol 1998; 99:76-9.   DOI: 10.1159/000040814

42.     Musallam KM, Taher AT, Karimi M, Rachmilewitz EA. 
Cerebral infarction in β-thalassemia intermedia: 
Breaking the silence. Thromb Res 2012; 130:695-702.   
DOI: 10.1016/j.thromres.2012.07.013

43.    Karimi M, Khanlari M, Rachmilewitz EA. Cerebrova-
scular accident in β-thalassemia major (β-TM) and  

 

  

Shah et al. Neurological Deficits among Beta-Thalassemia Patients

89J Dow Univ Health Sci 2020, Vol. 14 (2): 83-90

https://doi.org/10.1002/ajh.20938
https://doi.org/10.1155/2017/8185601
https://doi.org/10.1212/cpj.0000000000000443
https://doi.org/10.1160/th09-09-0661
https://doi.org/10.1111/j.1538-7836.2010.03940.x
https://doi.org/10.1111/j.1538-7836.2010.03940.x
https://doi.org/10.1111/j.1538-7836.2010.03940.x
https://doi.org/10.1016/j.anl.2007.05.001
https://doi.org/10.1016/j.survophthal.2015.08.005
https://doi.org/10.1016/j.braindev.2005.03.006
https://doi.org/10.1259/bjr.74.881.740407
https://doi.org/10.1111/bjh.15957
https://doi.org/10.1212/wnl.22.3.294
https://doi.org/10.1007/s00277-018-3251-7
https://doi.org/10.1007/s00277-018-3251-7
https://doi.org/10.1136/jnnp.2003.024794
https://doi.org/10.1136/jnnp.54.11.997
https://doi.org/10.1016/s0887-8994(98)00004-6
https://doi.org/10.1016/s0887-8994(98)00004-6
https://doi.org/10.5144/0256-4947.2006.358
https://doi.org/10.1007/s12098-018-2797-7
https://doi.org/10.1007/s12098-018-2797-7
https://doi.org/10.1016/j.thromres.2013.09.029
https://doi.org/10.1016/j.blre.2008.04.001
https://doi.org/10.1111/j.1468-1331.2011.03431.x
https://doi.org/10.1055/s-2007-973457
https://doi.org/10.1159/000040814
https://doi.org/10.1016/j.thromres.2012.07.013


58.   El-Beshlawy A, El-Ghamrawy M. Recent trends in 
treatment of thalassemia. Blood Cells Mol Dis 2019; 
76:53-8. DOI: 10.1016/j.bcmd.2019.01.006

59.       Ramos E, Ruchala P, Goodnough JB, Kautz L, Preza GC, 
Nemeth E, et al. Minihepcidins prevent iron overload 
in a hepcidin-deficient mouse model of severe 
hemochromatosis. Blood 2012; 120:3829-36. DOI: 
10.1182/blood-2012-07-440743

patients with β-thalassemia major. Pediatr Int 2011; 
53:519-23.   DOI: 10.1111/j.1442-200X.2010.03279.x

57.       Jokinen H, Lipsanen J, Schmidt R, Fazekas F, Gouw 
AA, van der Flier WM, et al. Brain atrophy accelerates 
cognitive decline in cerebral small vessel disease. 
Neurology 2012; 78:1785 LP-92. DOI: 
10.1212/WNL.0b013e3182583070

 

 

Shah et al. Neurological Deficits among Beta-Thalassemia Patients

90 J Dow Univ Health Sci 2020, Vol. 14 (2): 83-90

https://doi.org/10.1016/j.bcmd.2019.01.006
https://doi.org/10.1182/blood-2012-07-440743
https://doi.org/10.1111/j.1442-200x.2010.03279.x
https://doi.org/10.1212/wnl.0b013e3182583070

	43: Review Article
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50

