

  hematolrep-14-00009




hematolrep-14-00009







Hematol. Rep. 2022, 14(1), 54-60; doi:10.3390/hematolrep14010009




Article



Neuroimaging Findings in Pediatric Patients with Thalassemia Major



Yılmaz Akbaş 1[image: Orcid], Sultan Aydın 2,*[image: Orcid], Gökçen Öz Tunçer 3, Alper Köker 3, Yasemin Çoban 3, Gönül Oktay 4 and Hakan Yeral 5





1



Department of Pediatric Neurology, Mustafa Kemal University, Antakya 3106, Turkey






2



Department of Pediatric Hematology and Oncology, Hatay State Hospital, Antakya 3106, Turkey






3



Department of Pediatrics, Hatay State Hospital, Antakya 3106, Turkey






4



Department of Blood Disease Center, Hatay State Hospital, Antakya 3106, Turkey






5



Department of Radiology, Hatay State Hospital, Antakya 3106, Turkey









*



Correspondence: drsultanaydin@hotmail.com; Tel.: +90-55-4538-3483







Academic Editor: Elena Tenti



Received: 15 February 2022 / Accepted: 9 March 2022 / Published: 21 March 2022



Abstract

:

Background: Cranial magnetic resonance imaging (MRI) studies about iron accumulation in children with thalassemia major are quite limited. Aim: This study aimed to detect neurological findings with cranial MRIs in the pediatric patients with thalassemia major who did not develop any neurological complications. Materials and Methods: Pediatric patients with thalassemia major who followed in the Pediatric Hematology Unit between 1 July 2017 and 1 January 2019 were included in the study. The patients underwent cranial MRI scans. Results: A total of 30 patients were included. The median age was 15 (range from 4–18) years old. We found that 7 patients had a splenectomy and 19 of the remaining 23 patients had splenomegaly. In addition, 13 of the patients had hepatomegaly, 10 had skeletal deformities, and 17 had growth retardation. The mean ferritin level was 3772.3 ± 2524.8. We detected various pathologies on cranial MRI images of 10 (33.3%) patients. In 3 of these patients, millimeter-sized ischemia-compatible lesions were found in the cerebral white matter, which did not fit any arterial area, and 5 patients had hyperintense lesions in the basal ganglia. Conclusion: Our study is valuable since 1/3 of our pediatric patients with thalassemia major were detected with intracranial pathology.
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1. Introduction


Beta thalassemia is hypochromic microcytic anemia caused by a genetic mutation that leads to disorder in the production of the beta globulin chain in the structure of hemoglobin [1]. Although thalassemia can be seen worldwide, it is more common in East Asia, Middle East countries, Mediterranean countries, and North Africa. Every year, approximately 68,000 babies are born with thalassemia all over the world [2,3]. Thalassemia is divided into 3 groups as thalassemia major (TM), β-thalassemia intermedia, and β-thalassemia minor [4]. TM occurs as a result of a homozygous or compound heterozygous mutation in the beta globulin gene and constitutes the most severe picture that requires regular blood transfusions from the first year of life. Because regular blood transfusions are included in TM’s standard treatment, iron accumulation is the leading cause of complications. Iron chelators were used to prevent this. Frequent complications occur, especially after iron accumulation in cardiac and endocrine tissues. In addition, the neurological complications of iron accumulation may be followed up with noninvasive methods such as cranial magnetic resonance imaging (MRI) [5,6].



Like the cardiac and endocrine systems, the central nervous system is a tissue vulnerable to iron accumulation. Chronic ischemia, iron deposition, chelation-related neurotoxicity, and extramedullary hematopoiesis are the leading causes of neuronal tissue complications. It is necessary to identify these patients with neurophysiological and neuroimaging tests [7].



There are many studies showing iron accumulation in thalassemia major patients with cranial MRI. However, these studies were conducted either only in adults or inpatient groups with mixed adult and pediatric patients. Cranial MRI studies about iron accumulation in children with thalassemia major are quite limited. In this study, files for pediatric patients with thalassemia major who did not develop any neurological complications were scanned, and cranial MRIs were collected and the presence of cranial MRI findings was investigated.




2. Materials and Methods


This cross-sectional study was performed at the Pediatric Hematology Department between July 2017 and January 2019. Patients who have been followed with a diagnosis of transfusion-dependent thalassemia major (TM) aged 4 years and older were included in the study. The neurological examinations were performed for all patients to determine if neurological deficits were absent or present. There were formal assessments made of cognitive function. Those with normal school achievement were included. Informed consent was obtained from all participants. The patients with cranial MRI images obtained by scanning these patients’ files were included in the study. Demographic data, physical examination findings of the patients, age at diagnosis, follow-up period, chelation therapy, splenectomy history, and annual blood transfusion amount (units/year) were obtained from the file. Pre-transfusion hemoglobin (Hb) and serum ferritin levels in the recent admission were measured for each patient. Cranial MRI studies were achieved. Patients with abnormal neurological examinations, any known central nervous system disease, secondary hematological disease, older than 18 years, and patients who were followed for less than 1 year were excluded.




3. Cranial Magnetic Resonance Imaging


All cranial MRI examinations were performed using 1.5-Tesla images (Symphony, Siemens, Erlangen, Germany). T1 (TR/TE: 450/13 ms; slice thickness: 3 mm; matrix size: 256_256; field of view (FOV) 20 cm) and T2 (TR: 2000 ms; TE: 15–120 ms; slice thickness: 3 mm; matrix size: 256_256; FOV: 20 cm) sequences were shot in coronal sagittal and axial sections.




4. Statistical Analysis


SPSS, the Statistical Package for the Social Sciences (SPSS) software, version 21 (IBM Corporation, Armonk, NY, USA), was used for the analyses. Descriptive statistics were used. Data (%) are summarized as median and mean ± standard deviation. A Chi-square test was used to investigate whether there was any dependency between variables. The Mann–Whitney U test was used to compare nonparametric variables, and p < 0.05 was considered statistically significant.




5. Results


A total of 30 patients, 18 male (60%) and 12 (40%) female, aged between 4 and 18 years (mean age 13.96 ± 3.1), were included. Nineteen (63.3%) of the patients were Turkish, and 11 (36.7%) were Syrian children who fled the civil war.



The age of diagnosis was available only for 20 patients, and these patients were diagnosed at an average age of 10 months (range from 4–84 months). All patients, except one, started receiving regular erythrocyte transfusions from the time of their diagnosis. One remaining patient started to receive transfusions 29 months after the diagnosis. The amount of erythrocyte transfusion for patients was determined as 25.9 ± 8.3 (mean ± SD) units/year. Twenty patients were receiving regular iron chelation therapy. It was found that the patients received an average of 10.5 ± 3.3 years of chelation therapy. To examine the effectiveness of chelation therapy, pre-chelation ferritin levels and final ferritin levels were compared. Although the patients received chelation therapy, there was no statistically significant change in ferritin levels (Table 1).



Considering the physical examination findings, we found that 7 patients had a splenectomy and 19 of the remaining 23 patients had splenomegaly. In addition, 13 of the patients had hepatomegaly, 10 had skeletal deformities, and 17 had growth retardation. No statistically significant difference was found between the physical examination findings and gender. However, when the physical examination findings of Turkish and Syrian patients were compared, skeletal deformities were found to be significantly higher in Syrian patients (p = 0.001) (Table 2).



We detected various pathologies on cranial MRI images of 10 (33.3%) patients. Patients with pathology on MRI are summarized in Table 3. Three of these patients (33.3%) were Syrian citizens. The average age of diagnosis of patients with pathology on MRI was 25 months. All but one of the patients received transfusion therapy from the time of diagnosis. Transfusion treatment was started 29 months after diagnosis, only for patient number 9. The total chelation time of the patients except 3 was determined. Accordingly, the average duration of chelation therapy these patients received was 9.7 years. In 3 of these patients, millimeter-sized ischemia-compatible lesions were found in the cerebral white matter, which did not fit any arterial area. Five patients had hyperintense lesions in the basal ganglia (2 globus pallidus, three putamens). One of our patients had thickening of the dura mater, and one of our patients had cerebral atrophy. Cardiac involvement was not found in any of these patients. While only patient 4 had insulin resistance, the other patients did not have any endocrinopathy. No significant difference was found between gender or nationality and MRI pathologies (Figure 1).



Characteristics of patients with and without pathology on MRI were compared (Table 4). When the age of diagnosis of both groups, ferritin level before and after chelation treatment, the average amount of transfusion, the duration of chelation treatment, Hb, Plt, Wbc values was compared, no statistically significant difference was found. There was also no difference between these two groups in terms of gender (p = 0.65) and nationality (p = 0.45).




6. Discussion


Thalassemia major is a condition that leads to the need for regular blood transfusions from the first year of life. Although chelation therapy is given for the accumulated iron, iron accumulation may occur in various tissues and cause dysfunction in organs. In particular, cardiac and endocrine problems frequently occur in these patients. Another tissue at risk is the nervous system. Common neurological complications are seen due to hypoxia, iron accumulation, chelation-related neurotoxicity, and extramedullary hematopoiesis [8,9,10].



In our study, we found various pathologies on the cranial imaging of 1/3 of our patients. Five of these had hyperintense lesions secondary to iron accumulation in the basal ganglia. Three of the remaining patients had millimetric ischemic foci due to hypoxia, 1 had dura mater thickening due to extramedullary hematopoiesis, and 1 had cerebral atrophy. The most common pathology we encountered in cranial MRIs was lesions in the basal ganglia. Three of our patients had lesions in the putamen and 2 in the globus pallidus. Metafratzi et al. showed that more iron accumulates in the putamen caudate nucleus and cortex in patients with thalassemia major than in healthy people. In various studies performed later, it was shown that iron accumulation is also present in the thalamus, red nucleus, and choroid plexus [9,10,11,12]. The second most common cranial MRI pathology was millimetric ischemic changes. We found ischemic foci in the cerebral white matter in 3 of our patients. In recent studies, thromboembolic events were reported with a rate of 0.9–29% in thalassemia patients [13,14,15,16,17,18,19]. These ischemic foci that we saw in our patients were minimal areas due to microemboli. Dural thickening due to extramedullary hematopoiesis is extremely rare. Studies of dural thickening resulting from intracranial extramedullary hematopoiesis in children with thalassemia are generally at the level of case reports [18,19]. In our study, we detected dural thickening in 1 patient. While extramedullary hematopoiesis is more common in other parts of the body, it is rare intracranially.



When those with and without pathology on MRI were compared in terms of pre- and post-chelation ferritin levels, duration of chelation therapy, and age at diagnosis, there was no significant difference between the two groups in our study. Serum ferritin cannot pass the blood-brain barrier, but transferrin-bound iron turns into hemosiderin in neurons, and if this process is excessive, iron accumulation occurs in the brain [20,21]. In a study conducted by Akhlaghpoor et al. in 2012 in adult TM patients, no relationship was found between serum ferritin level and iron accumulation in cranial MRI [9].



Because Syrian patients have poor nutritional conditions, receiving irregular erythrocyte suspension, and inadequate and inappropriate use of chelation, the skeletal deformity in Syrian patients was significantly higher than in Turkish patients (p: 0.001). In addition, they had hyperferritinemia.



In conclusion, our study is valuable since it only includes pediatric patients with thalassemia major. Detection of intracranial pathology in 1/3 of our patients is one of the valuable results of our study. None of our patients with intracranial pathology had any neurological complications.
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Figure 1. (a–c): Axial T2 (a) and Axial FLAIR (b) weighted images show multiple foci of hyperintensity that are related to asymptomatic brain ischemia. Axial FLAIR (c) image show widened epidural tissue. 






Figure 1. (a–c): Axial T2 (a) and Axial FLAIR (b) weighted images show multiple foci of hyperintensity that are related to asymptomatic brain ischemia. Axial FLAIR (c) image show widened epidural tissue.
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Table 1. Comparison of ferritin levels before chelation therapy with final ferritin level.






Table 1. Comparison of ferritin levels before chelation therapy with final ferritin level.





	

	
Before Chelation Therapy

	
Final

	
p






	
Ferritin

	
Mean

	
3772.3

	
3899.4

	
0.794




	
Median

	
3133

	
2979




	
SD

	
2524.8

	
3007.2








SD: Standard deviation.
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Table 2. Comparison of physical examination findings of Turkish and Syrian patients.






Table 2. Comparison of physical examination findings of Turkish and Syrian patients.





	

	
Turkish

	
Syrian

	
p




	
Yes

	
No

	
Yes

	
No






	
Growth retardation

	
9

	
10

	
8

	
3

	
0.167




	
Splenomegaly

	
12

	
7

	
7

	
4

	
0.646




	
Hepatomegaly

	
7

	
12

	
6

	
5

	
0.287




	
Skeletal deformities

	
2

	
17

	
8

	
3

	
0.001
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Table 3. Characteristics of patients with pathology on MRI.






Table 3. Characteristics of patients with pathology on MRI.





	Patient
	Age
	Nationality
	Sex
	Age at Diagnosis

(Month)
	Chelation
	Duration of Chelation

(Year)
	Hepatosplenomegaly
	Splenectomy
	CNS





	1
	13
	T
	M
	3
	deferasirox
	11
	-
	+
	White matter



	2
	10
	T
	M
	36
	deferasirox + deferiprone
	5
	+
	-
	Putamen



	3
	16
	T
	M
	12
	deferasirox
	11
	-
	-
	White matter



	4
	18
	T
	M
	48
	deferasirox
	11
	-
	-
	Thalamus



	5
	15
	T
	F
	36
	deferasirox
	6
	+
	-
	Duramater



	6
	17
	T
	M
	9
	deferasirox + deferiprone
	15
	+
	-
	Duramater



	7
	11
	S
	F
	n/a
	deferasirox
	n/a
	-
	+
	Globus pallidus, Putamen



	8
	16
	S
	M
	n/a
	deferasirox + deferiprone
	n/a
	-
	+
	White matter



	9
	15
	T
	F
	31
	deferasirox
	9
	+
	-
	Cortical atrophy



	10
	10
	S
	F
	n/a
	deferasirox + deferiprone
	n/a
	+
	-
	Globus pallidus, Putamen







T = Turkish, S = Syrian, M = Male, F = Female.
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Table 4. Comparison of patients with and without pathology on MRI.
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MRI Pathology

	
n

	
Mean + SD

	
p






	
Age at diagnosis

	
Yes

	
7

	
25.0 + 16.9

	
0.41




	
No

	
13

	
16.9 + 22.0




	
Hb

	
Yes

	
10

	
9.4 + 1.02

	
0.42




	
No

	
20

	
9.0 + 1.00




	
Plt

	
Yes

	
10

	
447.5 + 208.5

	
0.89




	
No

	
20

	
434.7 + 286.4




	
Wbc

	
Yes

	
10

	
14.8 + 9.8

	
0.76




	
No

	
20

	
15.8 + 7.9




	
Amount of ES transfusion

	
Yes

	
10

	
27.9 + 8.02

	
0.28




	
No

	
20

	
24.3 + 9.05




	
Duration of Chelation

	
Yes

	
7

	
9.7 + 3.4

	
0.97




	
No

	
13

	
9.7 + 4.3




	
Before therapy Ferritin

	
Yes

	
9

	
3832.6 + 3146.2

	
0.93




	
No

	
12

	
3727.0 + 2094.3




	
After therapy Ferritin

	
Yes

	
10

	
3057.9 + 2125.3

	
0.35




	
No

	
20

	
3952.4 + 3002.9








Hb: Hemoglobin, Plt: Platelet, Wbc: White blood cell, ES: erythrocyte suspension, SD: Standard deviation, MRI: Magnetic resonance imaging.
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