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SUMMARY

Background: Several factors, including increased platelet aggregation, decreased platelet survival, decreased anti-
thrombotic factors cause a hypercoagulable state in thalassemia patients. This is the first meta-analysis designed
to summarize the association of age, splenectomy, gender, and serum ferritin and hemoglobin levels with the oc-
currence of asymptomatic brain lesions in thalassemia patients using MRI.

Methods: This systematic review and meta-analysis was conducted according to the PRISMA (Preferred Re-
porting Items for Systematic Reviews and Meta-Analyses) checklist. We searched four major databases and in-
cluded eight articles for this review. The quality of the included studies was assessed based on the Newcastle-Otta-
wa Scale checklist. Meta-analysis was performed using STATA 13. Odds ratio (OR) and standardized mean dif-
ference (SMD) were considered as effect sizes for comparing the categorical and continuous variables, respec-
tively.

Results: The pooled OR for splenectomy in patients with brain lesions compared to those without lesions was 2.25
(95% CI 1.22 - 4.17, p = 0.01). The pooled analysis for SMD of age between patients with/without brain lesions
was statistically significant, 0.4 (95% CI 0.07 - 0.73, p = 0.017). The pooled OR for the occurrence of silent brain
lesions was not statistically significant in males compared to females, 1.08 (95% CI 0.62 - 1.87, p = 0.784). The
pooled SMD of Hb and serum ferritin in positive brain lesions compared to negatives were 0.01 (95% CI -0.28,
0.35, p =0.939) and 0.03 (95% CI -0.28, 0.22, p = 0.817), respectively, which were not statistically significant.
Conclusions: Older age and splenectomy are risk factors for developing asymptomatic brain lesions in p-thalasse-
mia patients. Physicians should consider a careful assessment of high-risk patients for starting prophylactic treat-
ment.

(Clin. Lab. 2023;69:1-7. DOI: 10.7754/Clin.Lab.2022.221111)

Correspondence:

Mohammad Eghtedari MD, PhD
University of California San Diego Health
Department of Radiology

9400 Campus Point Drive #7316

La Jolla, CA 92093

USA

Email:  meghtedari@health.ucsd.edu
Phone: +1858-245-1719

Fax: + 1 858-249-3070

Case Report accepted December 21, 2022

Clin. Lab. 6/2023 1



S. Haghpanah et al.

Supplementary Data

Table S1. Search strategy in databases.

Databases

Search strategy in databases

PubMed

(Thalassemia [MeSH Terms]) OR (B -thalassemia [MeSH Terms]) OR (*'Thalassemia*"* [Title/Abstract])
OR ("B-thalassemia intermedia’ [Title/Abstract]) OR ("B-TI" [Title/Abstract]) OR
("'p -thalassemia*** [Title/Abstract]) OR (*'p -thalassemia major' [Title/Abstract]) OR
("B -TM™ [Title/Abstract]) OR (**Transfusion dependent thalassemia' [Title/Abstract]) OR (*'"Non
Transfusion dependent thalassemia™ [Title/Abstract]) OR ("'B-thalassemia/Hb E' [Title/Abstract]) OR
(""Thalassemia Major" [Title/Abstract]) OR (**Thalassemia Intermedia™ [Title/Abstract]) OR
(*"Thalassemia Minor" [Title/Abstract]) OR ("B -Thalassemia Minor™* [Title/Abstract]) AND
(Cerebral infarction [MeSH Terms]) OR (Neuroimaging [MeSH Terms]) OR (Stroke [MeSH Terms]) OR
(Brain Infarction [MeSH Terms]) OR (Brain Ischemia [MeSH Terms]) OR (**Asymptomatic brain
lesion*"" [Title/Abstract]) OR (*'Brain lesion*** [Title/Abstract]) OR (*"White matter lesion*"'
[Title/Abstract]) OR (*'Diffusion-weighted imaging"* [Title/Abstract]) OR (“"DWI" [Title/Abstract]) OR
(""Silent Cerebral Infarct™ [Title/Abstract]) OR (*'Cerebral infarction™ [Title/Abstract]) OR
(""Neuroimaging Abnormality*"* [Title/Abstract]) OR (*'Brain imaging" [Title/Abstract]) OR
(""Neuroimaging' [Title/Abstract]) OR (*'Brain MRI" [Title/Abstract]) OR (Stroke [Title/Abstract]) OR
(Brain [Title/Abstract]) OR (*'Brain Infarction*" [Title/Abstract]) OR (*'Brain abnormality*"*
[Title/Abstract]) OR (*'Cerebrovascular Disorder*"" [Title/Abstract]) OR (*'Brain Ischemia"
[Title/Abstract]) OR (*'Cerebrovascular accident*" [Title/Abstract]) OR (""CVA™" [Title/Abstract])

Scopus

TITLE-ABS-KEY ("Thalassemia*" OR "B-thalassemia intermedia" OR "B-TI"" OR "B -thalassemia*"*
OR "'B-thalassemia major OR "'p -TM" OR "Transfusion dependent thalassemia' OR ""Non-
Transfusion dependent thalassemia" OR "g-thalassemia/Hb E" OR ""Thalassemia Major" OR

"Thalassemia Intermedia’ OR ""Thalassemia Minor' OR *'B-Thalassemia Minor'")
AND
TITLE-ABS-KEY (*"Asymptomatic brain lesion™ OR "Brain lesion*"* OR *""White matter lesion*"* OR
"Diffusion-weighted imaging' OR "DWI" OR "'Silent Cerebral Infarct" OR ""Cerebral infarction™ OR
"Neuroimaging Abnormality*** OR "Brain imaging™ OR ""Neuroimaging' OR "Brain MRI" OR
"Stroke' OR "Brain™ OR "'Brain Infarction*" OR "Brain abnormality*" OR *'Cerebrovascular
Disorder*"" OR "'Brain Ischemia' OR "'Cerebrovascular accident** OR ""CVA™)

WOS

TS = ("Thalassemia*" OR " B-thalassemia intermedia" OR "B-TI1" OR "'p-thalassemia*"* OR
""B-thalassemia major' OR "'B-TM" OR "Transfusion dependent thalassemia™ OR *"*Non-Transfusion
dependent thalassemia" OR "f-thalassemia/Hb E" OR ""Thalassemia Major" OR "Thalassemia
Intermedia™ OR "Thalassemia Minor" OR "'g-Thalassemia Minor"")

AND
TS = (**Asymptomatic brain lesion™ OR "Brain lesion*** OR *"White matter lesion*** OR **Diffusion-
weighted imaging' OR "DWI"* OR *'Silent Cerebral Infarct™ OR **Cerebral infarction™ OR
""Neuroimaging Abnormality*** OR "Brain imaging™ OR ""Neuroimaging' OR "Brain MRI" OR
"Stroke" OR ""Brain" OR "'Brain Infarction*" OR "'Brain abnormality*'* OR "'Cerebrovascular
Disorder*"" OR "'Brain Ischemia™ OR "'Cerebrovascular accident*"" OR "CVA")

Table S2. Quality assessment of the studies included in the quantitative synthesis.

® A(\;gzsr Type of study Selection Comparability Outcome Total score
1 Karimi, 2012 cross-sectional WS * ok 6
2 Karimi, 2015 cross-sectional 5 * ok 5
3 Ramamoorthy, 2019 cross-sectional N * ok 5
4 Metarugcheep, 2008 cross-sectional = * Hox 5
5 TAHER, 2010 prospective study Hkk * ok 6
6 Pazgal, 2016 cross-sectional *ok * - 5
7 Leblebisatan, 2012 cross-sectional N * ok 5
8 Premawardhena, 2019 cohort *% * ok 5
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Table S3. Combined OR and sensitivity analysis with heterogeneity and Egger’s test for splenectomy in thalassemia patients.

Combined OR Heterogeneity Egger’s test
OR Z for 2 chi . 95% CI
(©5%cC1) | or=1 | PVaUe | FOO® | oquareq | PVAUC | Bias | o pjpg | Prvalue

i 2.25

Overall index (1.22-4.17) 2.59 0.010 14.2 6.99 0.321 1.25 | (-2.22,4.73) | 0.398
1.93

(101 - 3.69) 2.01 0.044 0 4.57 0.470 0.69 | (-3.07,4.46) | 0.637
1.79

(0.91 - 3.51) 1.69 0.091 0 431 0.506 1.33 | (-1.71,4.38) 0.292
2.56

(130 - 5.02) 2.73 0.006 19.1 6.18 0.289 1.20 | (-2.73,5.14) | 0.443
Sensitivity 238

analysis @ 266 - 451) 2.67 0.008 23.9 6.57 0.225 1.96 | (-2.08, 6.01) 0.250

(index after - . 5 —
delete study #) no data available

2.25

(121 - 4.17) 2.56 0.010 27.6 6.91 0.227 156 | (-2.73,5.87) | 0.369
2.31

(1.21 - 4.40) 2.35 0.019 245 6.62 0.250 1.15 | (-3.60, 5.90) 0.538
2.14

(113 - 4.05) 2.84 0.004 6.4 5.34 0.375 | -0.04 | (-6.62,6.53) | 0.984

Sensitvity analysis on OR for splenectomy.
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Table S4. Combined OR and sensitivity with heterogeneity and Egger’s test for gender in thalassemia patients.

Combined OR Heterogeneity Egger’s test
OR Z for p- 2 chi . 95% ClI
(95% CI) | OR=1 | value i squared e | ol for bias el e
: 1.08
Overall index 0.62-1.87) 0.27 0.784 0 0.09 >0.999 | 0.39 (0.06, 0.71) 0.026
1.09
1 (0.58 - 2.05) 0.52 0.603 0 0.18 >0.999 | 0.02 (-0.7,0.72) 0.939
1.07
2 (0.59 - 1.94) 0.47 0.639 0 0.21 >0.999 0.09 (-0.62, 0.81) 0.751
1.07
3 (0.60 - 1.90) 0.48 0.632 0 0.21 >0999 | 0.12 (-0.68, 0.93) 0.707
Sensitivity 1.09
analysis 4 (058 - 2.04) 0.51 0.610 0 0.18 >0999 | 0.03 | (-0.66,0.74) 0.896
(index after 1.08
delete study #) | 5 (0:60 ) 0.50 0.616 0 0.19 >0.999 | 0.13 (-0.57, 0.85) 0.639
1.07
6 (0.59 - 1.94) 0.48 0.628 0 0.20 >0.999 | 0.10 (-0.51 - 0.83) 0.714
1.06
7 (0.60 - 1.86) 0.20 0.839 0 0.01 >0.999 | -0.23 | (-0.99-0.52) 0.464
8 no data available

Meta-analysis estimates, given named study is omitted
| Lower CI Limit © Estimate | Upper CI Limit

Sensitivity analysis on OR for gender in relationship with brain lesions.
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Table S5. Combined standardized mean difference (SMD) and sensitivity with heterogeneity and Egger’s test for age in thalas-

semia patients.

Combined SMD Heterogeneity Egger’s test
SMD Zfor , chi . 95% Cl
(95% ClI) OR=1 p-value | I*(%) ® squared p-value | bias for bias p-value

Overallindex | o - 5y | 239 | 0017 | 469 | 1319 | 0068 | 039 | (553.633) | 0875

- ol gy | 204 | 0042 | 545 | 1317 | 0040 | 036 | (677.751) | 0899

. o 6 | 187 | 0062 | 436 | 1064 | 0100 | 020 | (5:94,636) | 0934

- o gy | 248 | 0013 | 500 | 1199 | 0062 | 088 | (576,753 | 0.746
Sensitivity 035

analysis (oop.o7y | L8 | 0084 | 507 | 1216 | 0059 | 080 | (576,748) | 0768
(index after - -

delete the - % 6y | 191 | 0056 | 470 | 1131 | 0079 | -024 | (683-635) | 0928
study #) LA

- oo 25 | 38 | <000 [ 70 645 | 0374 | 177 | (-2.78-6.34) | 0.362

© o s | 206 | 0030 | 522 | 1254 | 005L | -LOG | (-1043-829) | 0.781

- o g2 | 22 | 0027 | 520 | 1250 | 0052 | 040 | (8.13-732) | 0.9

Meta-analysis estimates, given named study is omitted
o Estimate

| Lower CI Limit

Sensitivity analysis on age in relationship with brain lesions.
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Table S6. Combined standardized mean difference (SMD) and sensitivity with heterogeneity and Egger’s test for HB in
thalassemia patients.

Combined SMD Heterogeneity Egger’s test
SMD Z for , chi . 95% Cl
(95% ClI) ameq | FreElue e squared prealug - o for bias prliie
. 0.01
Overallindex | o 8%t | 008 | 039 | 352 | 108 | 0148 | 421 | (087-750 | 002
1 e 3%'910 3 | 006 | 0950 | 433 | 1080 | 0102 | 479 | (160-7.98) | 0012
2| (o 5% s | 012 | 0807 | 442 | 1075 | 0096 | 421 | (038-803) | 0037
3l o 2%?50 s | 03 | 073 | 415 | 1026 | 014 | 488 | (214-762) | 0006
Sensitivity ' 0.05 '
analysis | 4| (oge-040) | 03 | O757 | 432 | 1057 | 0103 | 426 | (032-820) | 0030
(index after - -
deletethe | 5| ég.og 2 | 02 | 072 | 346 948 | 0164 | 394 | (021-7.66) | 0.042
study #) oaims
0.00
6| (oso033y | 002 | 0980 | 432 | 1057 | 0103 | 432 | (035-829) | 0038
A 0.68 | 0.495 0 564 | 0465 | 325 | (-2.33-884) | 0.195
-031-015) | © ' : : : HEl, :
0.10
8| corr-osn | 072 | 0474 | 104 670 | 0350 | 3411 | (-039-722) | 0.070

Meta-analysis estimates, given named study is omitted
| Lower CI Limit < Estimate | Upper CI Limit

Sensitivity analysis on Hb in relationship with brain lesions.
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Table S7. Combined standardized mean difference (SMD) and sensitivity with heterogeneity and Egger’s test for ferritin in
thalassemia patients.

Combined SMD Heterogeneity Egger’s test
SMD Z for 2 chi . 95% CI
(95% ClI) Or=1 | P-value Sl squared wruglue | Lol for bias prliie
. -0.03
Overall index -028,022) 0.23 0.817 0 2.39 0.880 | 0.90 | (-2.02,3.82) 0.464
0.03
(-0.24, 0.31) 0.22 0.823 0 1.50 0.913 0.38 | (-2.72,3.49) 0.749
-0.04
(-0.32,0.22) 0.35 0.723 0 2.26 0.812 0.91 (-2.49, 4.33) 0.496
-0.00
0.23 0.817 0 2.39 0.880 0.90 | (-2.02-3.82) 0.464
Sensitivity (-0.27, 0.25)
analysis data not available
(index after -0.07
delete the (034,018 | 5 0.570 0 1.34 0931 | 053 | (-2.23,331) | 0.620
study #) _0.’05
(-0.32, 0.20) 0.44 0.662 0 1.95 0.855 0.63 | (-2.77,4.04) 0.632
-0.02
(-0.28,0.23) 0.19 0.848 0 2.37 0.796 2.24 (-2.14, 6.63) 0.229
-0.01
(-0.30, 0.27) 0.08 0.940 0 2.33 0.802 0.97 | (-3.35,5.30) 0.565

Meta-analysis estimates, given named study is omitted

| Lower CI Limit

o Estimate

Sensitivity analysis on ferritin in relationship with brain lesions.
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