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Abstract: Sickle cell disease (SCD) is a common hereditary disease in Saudi Arabia, with a high prevalence in the
Eastern and Southern regions. Among the genitive basis of the disease, the homozygous form (Hb-SS) is the most
serious one. Silent cerebral infarcts (SCI) are the most common form of neurologic injury in those children and are
defined as an abnormal magnetic resonance image (MRI) of the brain accompanied by undetectable neurocognitive
deficits on examination. OBJECTIVES: To detect the relative frequency of SCI using MRI among children with
SCD as general and especially homozygous form (Hb-SS). To evaluate associated cognitive impairment on basis of
occurrence SCI in one hand and in relation to other risk factors associated with this chronic disease without SCI
finding in the other hand. METHODOLOGY:: A hospital based cross-sectional study was conducted on a total of 90
patients with SCD of both sexes, who had been followed since birth. They were consecutively seen and chosen
neither have previous seizure or other neurological abnormality nor having history of cerebrovascular accident. From
these patients, 59 were submitted to undergo MRI scanning and to evaluate their IQ level. Relations between MRI
finding, 1Q levels and laboratory results are conducted. RESULTS: Age distribution of the studied SCD patients
was ranged from 3 to 12 years and 8 months; with a mean equals 8.08+2.58 yrs. Male to female ratio was 3 to 2.
SCI findings are detected in two patients; homozygous Hb-SS [A female and male patients, their ages 9.17 and
7.75 years old respectively, have MRI of the brain with increased signal intensity in multiple T2-weighted images]
out of 53 homozygous Hb-SS (the relative frequency 3.77%), and out of total 59sickling patients subjected to MRI
study ( the relative frequency 3.39%). Statistical analysis revealed strong significant correlations of 1Q values
decline in homozygous Hb-SS patients having SCI findings with all studied parameters (P < 0.01). Moreover, 1Q
values significantly inversely correlated with both age (P=0.01) and percentage of Hb.S (P=0.04); where it
significantly directly correlated with both total Hb. Concentration (P=0.05) and percentage of Hb.F (P=0.013) in
sickling patients without evidence of SCI. In spite of IQ values in patients with HbSP0-thalassemia showed the
lowest subnormal values, they did not reach to statistical level. Percentage of Hb.A2, serum ferritin level, total
leukocyte count, and platelets count are forming also risk factors that should be considered in the follow up of
patients with SCD. CONCLUSION: SCD-SS is associated with an increased risk of silent infarction in diseased
patients in a percentage of 3.77% in Al Ahsa, eastern area of KSA. A decline in the 1Q values of those patients was
significantly related to their age, Hemoglobin concentration, and percentage of Hb.S, Hb.F, and Hb.A2. Patients with
HbSPO0-thalassemia are emerging to prone to risk of silent infarction & hazard of decline IQ as patient with
homozygous Hb.SS. RECOMMENDATIONS: Regional newborn screening programs for SCD using
hematological genetic phenotypic analysis should be considered in eastern area of KSA. Meticulous follow up of
SCD-SS children, specially preteen age, by routine brain MRI scan will yield better prognosis and preserve their
cognitive achievements. A Strategy for preventive therapy must be designed.
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1. Introduction the Americas and Europe (Steinberg,'). The
Sickle cell disease (SCD) is a group of causative mutation is the substitution of valine for
recessively inherited hemoglobinopathies common glutamic acid at the sixth position of the P globin
among people of Equatorial African, Saudi Arabian chain (Glu6Val). Sickle cell hemoglobin (HbS)
and Mediterranean ancestry, and now widespread in behaves like normal hemoglobin when fully
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oxygenated, but at low oxygen tension the
hydrophobic valine residues cause the HbS to
polymerize, resulting in gel formation and increasing
red cell density. The rigid and deformed sickle cell is
damaged by mechanical stress during passage
through the wvasculature, resulting in a chronic
hemolytic anemia with red cell destruction, the rate of
which is influenced by factors such as infection and

drugs (Kirkham,z).

The homozygous state (HbSS) is known as
sickle cell anemia; compound hetero zygotes with
HbSPB0-thalassemia, who also have a severe reduction
in the synthesis of B globin chains, have a similar
prevalence of complications, including stroke,
although variations in phenotype in these conditions
are not fully understood(Buchanan et al., 3).

In Hofuf area (Located in Al-Hassa region:
Eastern province of Saudi Arabia) there is a high
prevalence of sickle cell gene; alpha, beta
thalassaemia and Glucose 6 phosphate dehydrogenase
(G6PD) deficiency; coexistence of these diseases in
not uncommon. The frequency of sickle cell gene in
Hofuf area ranges from 0.15-0.25. Homozygous SCD
prevalence ranges from 1.0-1.5% (Jastaniah, 4).1t is
believed that SCD patients in Hofuf and other areas in
Eastern province of Saudi Arabia are having milder
disease with less frequent complications and good
outcome, due to the interaction between thalassaemia
and SCD and for having Asian haplotype
(Alabdulaali, 5).

Children with SCD can develop acute
neurological symptoms and signs consistent with
cerebrovascular accident (CVA), either spontaneously
or in the context of an acute illness such as infection.
There is a high risk of CVA recurrence—particularly
for patients presenting spontancously—that is
reduced but not eliminated by regular blood
transfusion (Roach et al., 6). In patients with SCD,
cerebral infarction has been reported to be the most
common cause of stroke in the first two decades of
life and from the fourth decade onwards, whereas
hemorrhagic stroke occurs more commonly in the
third decade (Wellems et al., 7).

Silent infarction is defined as an abnormal
magnetic resonance image (MRI) of the brain with
increased signal intensity in multiple T2-weighted
images accompanied by undetectable neurologic
deficits on examination. SCI is relatively common in
children with sickle cell disease and is associated
with impaired cognitive function. However, new
findings suggest that cognitive impairment can also
be present in patients with sickle cell disease who are
free of focal brain damage (Pegelow et al., 8).

Much progress has been made during the past
several decades in gaining understanding about the
natural history of sickle cell disease and management
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approaches aimed at treating or even preventing
certain disease complications (NTH, 9).In addition to
the inhibition of hemoglobin S polymerization, newer
targets have been defined during the past one to two
decades. (Scothorn et al., 10).

Aim of the Work:

This study is designed to address the conundrum
of why some patients with sickle cell disease (SCD)
do well whereas others fare poorly. Our targets are to
evaluate the results of standardized magnetic
resonance imaging (MRI) of the brain in children
with SCD to determine the frequency of occurrence
of Silent cerebral infarcts (SCI) in those patients; to
clarify relationship between SCI and the occurrence
of other patterns of brain injury as cognitive
impairment& to identify the correlation between
those neurodiagnostic tests and other risk factors
associated with sickle cell disease.

2. Patients and Methods:

A hospital based cross-sectional study was
conducted on a total of 90 SCD patients of both sexes
(36 females and 54 males) who had been followed
since birth in pediatric outpatient clinic of
Hematology and pediatrics inpatient department in
the Maternity and Children Hospital in Al Ahsa.

Data were analyzed from 90 children who was
diagnosed already to have sickle cell disease-SS; [6
of them were sickle-thalassemia(SCD- SB°)] with
age range 2 years to 12 yrs and with a mean equals
8.08 yrs. = 2.58 yrs SD. Patients who had experienced
an overt stroke, even history of SCI or any
neurological disorders were excluded. Patients who
participated in this study were subjected to thorough
clinical examination; laboratory investigations and
MRI. These lab investigations include CBC (HB
conc., TLC, and Platelets count), determination of
serum ferritin level and determination of hemoglobin
S, F, and A2 percentage by hemoglobin
electrophoresis. Hemoglobin electrophoresis helps
also to detect patients with sickle cell disease-
thalassemia (SCD-SB?).

Only, 59 patients could attend to do MRI where
1.5 Tesla MRI Siemens Symphony was used. Patients
underwent MR imaging of the brain at 1.5 T
(Siemens Medical Systems, Iselin, NJ) with a
standard quadrature head coil. A conventional T1-
weighted image set was acquired in the transverse
plane with parameters as follows: 266/6 (TR/TE), 23-
cm field of view, 90-degree flip angle, 256 x 256
matrix, and three acquisitions in an imaging time of 4
min 35 s. A conventional T2-weighted image set was
acquired in the same orientation with parameters as
follows: 3.5/19, 93; 23-cm field of view; 256 x 256
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matrix; and one acquisition in an imaging time of 5-7

minutes (Pegelow et al., 11).

Our protocol, Axial T1,T2, Flair; & sagittal T2;
and diffusion & MRA, was done for all patients. MRI
findings were scored as normal or abnormal, relying
on a combination of T1-weighted, T2-weighted, and
fluid-attenuated inversion recovery images when
available(Wang et al., 12). Small unifocal lesions (<1
cm) or large multifocal lesions were sufficient to
classify MR imaging findings, with lesions broadly
defined to include lacunar infarction,
encephalomalacia, or leukoencephalopathy (Shah
and Laude, 13). Leukoencephalopathy was defined as
degeneration or demyelination of white matter,
usually seen as high signal intensity on T2-weighted
MRI (PediatricAtlas, 14; and Vendt et al.,15)

Within our patients, there diffuse cortical and
subcortical high T2 signal intensities in keeping with
multiple infarcts with normal brain stem &
cerebellum and normal MRA are noted in 2 cases out
of 59.

MRI findings classified the patients as sickling
patients with normal MRI [either Hb-SS(51 patients)
or Hb- SB® (6 patients)], and patients with "silent
infarct” in their MRI, (They are Hb-SS, 2 cases).

Those 59 patients of total 90 included in this
study were subjected to cognitive ability assessment.
Results of calculated IQ were classified as superior
(above average; high IQ), normal (normal average
range 1Q), subnormal (below average; low 1Q). We
have evaluated the patient by three methods:

1- Stanford-Binet Intelligence Scales, Fifth Edition
(SBS, 16). According to the publisher's website, it
measures the IQ= mental age/actual age X100.

Type: Cognitive ability assessment. Purpose:

Individually administered assessment of intelligence

& cognitive abilities. Measures: Fluid Reasoning,

Knowledge, Quantitative Reasoning, Visual-Spatial

Processing, and Working Memory. Ages: 2 to 85+

years.

IQ Scale: Over 140 - Genius or almost genius; 120 -

140 - Very superior intelligence; 110 - 119 - Superior

intelligence; 90 - 109 - Average or normal

intelligence; 80 - 89 — Dullness; 70 - 79 - Borderline
deficiency in intelligence; Under 70 - Feeble-

mindedness (SBS, 17)

2- Seguin Form Board Test is used to assess visual
discrimination and matching and eye-hand
coordination. Previous analysis has shown the
factor loadings for the same scale to differ among
age levels, so the test may be measuring different
abilities at different age levels (Lindstrom et al.,
18).

3- Social maturation evaluation (McAnarney, 19).

Normal Distribution of 1Q Scores

50% of IQ scores fall between 90 and 110
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70% of 1Q scores fall between 85 and 115

95% of IQ scores fall between 70 and 130

99.5% of IQ scores fall between 60 and 140

Low IQ & Mental Retardation

An IQ under 70 is considered as "mental retardation"
or limited mental ability.

High 1Q & Genius IQ

Genius or near-genius IQ is considered to start
around 140 to 145.

Statistics studies are applied to evaluate the
results, find statistical relations and calculate
correlations between different risk factors which
having a print on the course of the disease and
prognosis of cases.

Statistical Analysis:

All the collected data were reviewed, coded,
entered and analyzed using a Statistical Package of
Social Science (SPSS) software; version 17.0.
Continuous variables were presented as mean values
+ standard deviation, while qualitative variables were
presented as absolute frequencies and relative
frequencies (percentages).

Contingency tables with calculation of chi-
square test will be used to evaluate association
between categorical variables to assess the
significance in the differences between proportions.
On the other hand, the significance in the differences
between means was assessed using independent
Samples student t test for di-chotomous nominal
variables and one-way ANOVA test for multi-
chotomous nominal variables.

The Pearson Correlation Coefficients will be
applied to measure association between the
continuous variables. All presented P-values were
two-tailed and taken at a significance level of 0.05
and 95% Confidence Interval.

3. Results:

The results of this work are represented in the
following tables and figures.

First: patients are classified into patients(Hb-SS)
with normal MRI finding (Gr.I), patients(Hb-SS) with
silent infarct MRI (Gr.II) and patients(Hb- SB[1)
without silent infarct MRI (Gr.III).

In our study, there is 2 cases (3.39%) out of
total 59 Sickling patients showed Silent Infarction
evidence in their MRI reading.

The 1% case: [A 9 years & 2 months old female
patient with small infarct left parietal and subcortical
areas] and the 2™ case: [ A 7 years & 9 months old
male patient with small infarct right parietal and
temporal areas] — Figures -1 to 6.

Genetic analysis revealed that both cases with
manifestations SCI are homozygous (Hb-SS), giving
a frequency rate of 3.77% out of homozygous Hb-SS
(53) patients and frequency rate of 3.39% out of all
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patients either homozygous or heterozygous Hb- SB°

Figure 1

Figure 2
[MRI angiography shows Grade 1 turbulence in an asymptomatic child with SCD.
less signal intensity compared with the right.]

(59) patients.

Figure 3

The left posterior communicating artery shows

Figure 4 Figure 5 Figure 6
[T2-weighted MRI scan of the brain shows areas of increased signal intensity involving the white matter of the left parietal
lobe, reversible posterior leukoencephalopathy.]

Table 1: Descriptive &Comparative data for all variables among patients with Hb-SS, either with normal MRI(86.4%) or
have infarct MRI( 3.39%), and patients with Hb-SB[1(10.2%) who are with normal MRI:

Variables | Groups N % Mean +SD +Std. Range M. F Sig.
Error Square

AGE Normal-MRI/HbSS 51 86.4% | 7.4 2.7 0.30 2.00-12.00 [ 2.183 298 | .743

(years) Infarcts-MRI/HbSS 2 3.4% 8.4 0.9 0.63 7.75-9.00 7.334
Normal-MRI/Hb-SB° 6 102% | 8.2 3.7 1.51 3.00-11.25

1Q% Normal-MRI/HbSS 51 86.4% | 92.8 18.02 2.50 35.00-122.0 | 303.913 956 | .391
Infarcts-MRI/HbSS 2 3.4% 90.7 7.07 5.00 86.00-96.00 | 317.921
Normal-MRI/Hb- SB° 6 10.2% | 82.2 17.44 7.12 59.0-100.0

S. Ferritin | Normal-MRI/HbSS 51 86.4% | 219.7 231.91 30.19 | 51.2-1769.0 | 20228.843 | 412 | .664

(ng/dl) Infarcts-MRI/HbSS 2 3.4% 202.5 74.25 52.5 150.0-255.0 | 49041.357
Normal-MRI/Hb- SB° 6 10.2% | 133.7 52.29 2135 | 91.2-212.0

Hb.Conc. | Normal-MRI/HbSS 51 86.4% | 8.94 1.31 0.15 6.8-12.0 2.339 1471 | 236

g/dl Infarcts-MRI/HbSS 2 3.4% 7.75 0.21 0.15 7.6-7.9 1.590
Normal-MRI/Hb- SB° 6 102% | 8.32 0.57 0.23 7.4-9.0

WBC Normal-MRI/HbSS 51 86.4% | 9.08 3.59 0.41 3.30-18.90 19.337 1.393 | .254

Cell/mm3 | Infarcts-MRI/Hb-SS 2 3.4% 5.05 1.34 0.95 4.10-6.00 13.88
Normal-MRI/Hb- SB° 6 10.2% | 10.10 5.59 2.28 4.30-18.80

Platelets | Normal-MRI/HbSS 51 86.4% | 339.7 101.79 11.60 124.0-528.0 | 7498.99 696 | .501

Count Infarcts-MRI/HbSS 2 3.4% 411.0 125.87 89.00 | 322.0-500.0 | 10767.3

Cell/mm3  ["Normal-MRI/Hb- SB® 6 102% | 3717 126.15 51.50 | 234.0-536.0

MCV Normal-MRI/HbSS 51 86.4% | 75.22 9.69 1.104 | 54.00-99.00 | 215.59 2232 | 114
Infarcts-MRI/HbSS 2 3.4% 77.00 15.56 11.00 | 66.00-88.00 | 96.57
Normal-MRI/Hb- SB° 6 102% | 66.53 10.36 4.23 53.00-83.00

Hb-S% Normal-MRI/HbSS 51 86.4% | 65.58 7.44 0.87 45.80-81.90 | 33.61 545 | 582
Infarcts-MRI/HbSS 2 3.4% 65.39 2.69 1.90 60.00-63.80 | 61.72

http://www.americanscience.org 632 editor@americanscience.org




Journal of American Science 2012;8(10) http://www.americanscience.org

Normal-MRI/Hb- SB° 6 10.2% | 62.77 12.86 5.25 48.90-81.59

Hb-F% Normal-MRI/HbSS 51 86.4% | 32.6 7.37 0.86 16.20-51.90 | 14.85 238 .788
Infarcts-MRI/HbSS 2 3.4% 32.0 2.83 2.00 34.00-38.00 [ 62.29
Normal-MRI/Hb- SB° 6 10.2% | 33.8 13.76 5.62 13.10-49.00

Hb-A2% NormalMRI/HbSS 51 86.4% 1.88 0.83 0.10 0.50-3.50 6.67 8.99 0.00
Infarcts-MRI/HbSS 2 3.4% 2.30 0.14 0.10 2.00-2.20 0.74
Normal-MRI/Hb- SB° 6 10.2% | 3.43 1.30 0.53 2.00-5.30

Another classification is conducted between the patients according their age group; preschool age group; school age
group age; and preteen age group, One Way ANOVA of Age Groups and All Variables is conducted.

Table 2: Comparative study of all variables in relation to different age groups (Preschool, School, Preteen

Age Group)
Variables Age Group N % Mean +S.D +SE Range M. F Sig.
Deviation Square

1Q% preschool 11 18.6% 100.55 12.36 3.73 77.00-122.00
school age 31 52.5% 93.323 19.47 3.50 35.00-120.00 1335.24 4.31 0.018
Preteen 17 28.9% 81.588 16.67 4.04 46.00-111.00 309.850

Hb.Conc. preschool 23 25.6% 8.752 1.15 0.24 6.90-11.10

g/dl school age 41 45.5% 8.668 1.32 0.21 6.80-12.00 3.046 1.92 0.152
preteen 26 28.9% 9.3032 1.25 0.27 7.60-11.80 1.583

Hb.S% preschool 23 25.6% 60.912 9.36 1.95 40.00-77.00
school age 41 45.5% 66.027 6.89 1.10 52.80-81.90 281.378 4.46 0.015
preteen 26 28.9% 67.688 8.14 1.87 51.00 - 81.59 63.081

Hb.F% preschool 23 25.6% 37.102 8.85 1.85 21.00 - 58.0
school age 41 45.5% 31.977 6.87 1.10 16.80-46.0 282.577 4.59 0.013
preteen 26 28.9% 30.311 8.46 1.94 13.10-46.0 61.610

Hb.A2% preschool 23 25.6% 2.0087 1.15 0.24 0.60-5.50
school age 41 45.5% 2.0949 0.89 0.14 0.50-4.00 0.067 061 0.941
preteen 26 28.9% 2.1053 1.20 0.27 0.60-5.30 1.095

WBC preschool 23 25.6% 9.2563 3.78 0.77 3.90-17.60

C/mm3 school age 41 45.5% 8.6171 328 051 3.70-16.30 3229 250  0.780
preteen 26 28.9% 8.9818 3.95 0.84 3.30-18.80 12.925

Platelet preschool 23 25.6% 343.63 110.53 22.56 169.0 - 528.0

8’;‘33 school age 41 45.5% 350.88 92.58 14.46 178.0-635.0 1761.96 151 0.860
preteen 26 28.9% 335.32 129.73 27.66 124.0-536.0 11633.8

MCV preschool 23 25.6% 70.721 8.68 1.77 56.0-85.0
school age 41 45.5% 74.702 9.81 1.53 54.0-90.0 195.741 2.05 0.134
preteen 26 28.9% 76.268 10.73 2.29 53.0-99.0 95.231

S. Ferritin | preschool 23 25.6% 118.35 76.71 24.26 51.20-308.30

(ng/dl) school age 4 455% 257.04 280.74 47.45 69.7-1769.0 | 834662  1.74  0.185
preteen 26 28.9% 190.87 114.76 25.66 82.40-483.10 48112.2

By Using One Way ANOVA of Age Groups and All Variables, the mean of 1Q, mean of Hb-S level,mean of Hb-F level, mean of
Hb-A2 level in relation to age group which represent in the following figures.
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Figure 8: Presentation of some variables levels in relation to age groups ( Preschool, School, and preteen age)
It is noticed that patients in the preteen age (8-12) achieve the lowest score in IQ values & % of Hb.F. In
addition they have highest values of % of Hb.S& Hb.A2.

Table 3: Correlation of Hb-SS within all patients in relation to age, sex, Hb-F%., Hb-A2%

variable All Patients’ Hb-SS
Pearson correlation Sign.(2-tailed test)
Age controlled Sex 0.256 <0.02%
Age uncontrolled Se 0.260 0.017%
Hb-F -0.992 <0.000**
Hb-A2 -0.079 0.475

Table 4: Comparative study (One Way ANOVA) of the all variables readings in all patients classified according to their
Intelligent Quotient:

Age Below Average 21 35.6% 9.31 2.21 0.495 3.25-12.0
Normal Average 28 47.5% 7.31 2.37 0.418 3.00-12.0 27.59 5.032 | 0.010%
Above Average 10 16.9% 7.163  2.56 0.905 3.00-11.0 5.48

Hb. Below Average 21 35.6% 8.99 1.44 0.338 6.90-11.8

Conc.
Normal Average 28 47.5% 8.73 1.26 0.222 6.80-12.0 526 0.299 | 0.743
Above Average 10 16.9% 8.63 1.35 0.511 7.50-11.4 1.757

Hb. S% Below Average 21 35.6% 68.02 9.11 2.145 51.00-81.6
Normal Average 28 47.5% 64.32  7.64 1.351 45.80-81.9 327.98 6.041 | 0.045%
Above Average 10 16.9% 62.09 4.31 1.524 53.80-66.7 54.29

Hb.F% Below Average 21 35.6% 29.71 945 2.228 13.10-46.0
Normal Average 28 47.5% 33.71 744 1.32 16.80-51.9 157.19 2.539 | 0.074
Above Average 10 16.9% 36.6 491 1.74 31.0-45.4 61.908

Hb.A2% | Below Average 21 35.6% 2.33 1.17 276 0.90-5.30
Normal Average 28 47.5% 2.00 0.77 135 0.50-4.30 2.997 3.496 | 0.037*
Above Average 10 16.9% 1.28 0.91 0.32 0.50-3.00 0.857

WBC Below Average 21 35.6% 9.63 3.37 0.80 4.80-16.70

C/mm3 Normal Average 28 47.5% 7.57 3.44 0.61 3.30-18.80 29.349 2432 | 0.097
Above Average 10 16.9% 9.49 3.85 1.36 4.30-13.90 12.069

Platelets | Below Average 21 35.6% 317.5 117.96 | 27.80 124-536
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Count Normal Average 28 47.5% 354.7 101.32 17.91 172-522 11910.8 1.100 | 0.340
C/mm3 " Above Average 10 169% 3751 7652 | 27.05 275511 10832.
MCV Below Average 21 35.6% 73.58 8.28 1.95 53.0-86.0
Normal Average 28 47.5% 75.03 9.65 1.71 58.0-90.0 450.95 2.792 0.004*
Above Average 10 16.9% 71.38 7.78 2.75 63.0-83.0 161.52
S. Below Average 21 35.6% 193.6 97.23 22.31 82.4-433.0
Ferritin
(gd)  'Normal Average | 28 475% 1755 1012 | 1848  55.0-483.1 | 7113.5 | 725 | 0.489
Above Average 10 16.9% 1384 92.77 37.87 64.3-321.0 9814.
Presentation of some variables regarding different normal average(91 -110), superior average (111 -
patients groups with below average (<70 - 90), >130) IQ will be showed in the following figures.
%‘ 8501 .‘%
- P P - P
% 34,00 g =
P i P - P

20000

180.00-

160.00

Mean of ferritin(ng/dl)

140,007

Boow Average Normel Superer
Q110

Figure9: Presentation of the mean of age, Hb.S, Hb.F, Hb.A2 levels and serum Ferritin level in relation to distribution of
1Q level within all patients.

It is noticed that patient with IQ below the average Depending on IQ levels, Correlation Studies are
are the oldest patients and achieved the highest conducted within all patients between the level of 1Q
values of Hb. S%& A2% and s. ferritin level. Where and all variables ( Age in years, S. Ferritin, Hb.Conc,
the same group scores the lowest value of Hb.F%. MCV, WBC, Platelets count, Hb-SS%, Hb-F% &

Hb-A2%) are represented in the following table.
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Table S: Correlation of I1Q with all variables among all patients with or without infarction:
Hb-SS With Infarction Hb-SS Without infarction Hb-SB°Without infarction
1Q Correlation 1Q Correlation 1Q Correlation
Variable Pearson Sign. Pearson Sign. Pearson Sign.
correlation 2-tailed test correlation 2-tailed test correlation 2-tailed test

Age -1.0 <0.01* -.375 .003** -749 076
S. Ferritin - 1.0 <0.01% -.181 185 -.677 139
HbConc 1.0 <0.01% -.127 .345 241 .645
MCV 1.0 <0.01* -.052 .699 341 .509
WBC -1.0 <0.01* -.128 338 -.346 .502
Platelets - 1.0 <0.01* 129 .333 -.112 .832
Hb-SS - 1.0 <0.01% -.236 .056 -456 364
Hb-F 1.0 <0.01* 261 .048* 473 .343
Hb-A2 1.0 <0.01* -.260 .049* -496 317
4.Disccussion: is expected in eastern area of Saudi Arabia (S.A.), as

Silent infarction is defined as an ischemic it is believed that SCD patients in Hofuf and other
change in brain tissue that is visible on MR images of areas in Eastern province of SA are having milder
patients with no clinical history of stroke (Steen et disease with less frequent complications and good
al.,20). Despite evidence that Silent cerebral infarcts outcome, due to the interaction between thalassemia
(SCI) are prominent in Sickle cell anemia (SCA), and SCD and for having Arab-Indian (Asian)
associated with significant morbidity and a significant haplotype. Moreover, a study was done by
risk factor for progressive neurologic disease, the Alabdulaali (26), who mention that Acute chest
optimal evaluation and treatment remain vague syndrome in SCD patients in Eastern province of SA
(Kwiatkowski et al., 21). In our study SCI is is relatively uncommon, its prevalence and recurrence
diagnosed on the basis of an abnormal MRI finding of is low if compared to that of patients with African
the brain and a normal neurological examination, haplotypes(Al-Qurashi et al., 27 and Akinyoola et
without a history or physical findings associated with al., 28).
an overt stroke. Within our patients, there are 2 The pathophysiology of SCD is essentially
patients showed SCI (mean age 8.4+ 0.9yr SD; similar in these different areas although the frequency
having Hb-SS)out of 59 (all sickling patients and severity of complications may vary between areas
submitted to MRI with age range 2 to12 yrs and mean (Al-Suleiman et al., 29).
8.1+2.6yrs SD) giving frequency rate equal 3.39%. So, the clinical manifestations of SCD are
Within the sickling group having homozygous Hb.SS unpredictable and variable which could be explained
(53 patients having Hb-SS with mean age 7.4+2.7), by the presence of two clinical phenotypes of SCD;
frequency rate of SCI occurrence is 3.77%. So, SCI is the hemolysis-associated phenotype and the vaso-
expected in older age within our patients. occlusion—related phenotype

This results are similar to a study of Adekile et Silent stroke is a stroke that causes no
al (22), in Kuwait who mentioned that the prevalence immediate symptoms but is associated with damage
of silent brain infarcts before 17 years of age was to the brain (Adams, 25). Despite the terminology, it
3.3%, whereas the prevalence was 20% at a median is becoming increasingly apparent that silent infarcts
age of 31.8 years (Marouf et al., 23). They explained are clinically significant given their association with
these results to the presence of appropriate percentage subsequent overt stroke (Miller et al., 30) and
of Hb.F reaching approximately 30% in young neurocognitive deficits in school-aged children
patients, but with increasing age and decline in (Bernaudin et al., 31). Kwiatkowski et al. (1),
hemoglobin F level, clinical complications start reported that SCI occur most commonly in school-
occurring (Adekile et al., 24). Coexistence with this aged children with homozygous sickle cell disease
explanation, cases having SCI are associated with the (SCD-SS) and are associated with neurocognitive
lowest values of Hb.F% which scored (32%+2.8) in deficits.
Gr.Il (SCD Hb-SS) the affected group (Tablel). As a marker for disease severity in the brain,
Moreover, Adams (25), suggested that silent brain evaluation of the association of cognitive dysfunction
infarcts in the Arab-Indian (Asian) haplotype occur in relation to laboratory finding in those patients is
with a similar prevalence to that reported in the recommended. New understanding of risk factors,
African haplotype but in an older (30 years) age associated  laboratory  findings, and imaging
group. technology are impacting substantially on treatment

However, the prevalence of SCI (3.39%) in options.
between our sickling patients is low in comparison to Buchanan et al (3), study demonstrated that
prevalence in other areas in the world. But this result 80% of children with SCA and SCI were found to
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have clinically significant impairments in at least one
neurocognitive domain, when compared to 30% of
the children with SCA and a normal MRI of the brain.

Because this hypothesis has been controversial,
we try to find a relationship between cognitive
achievement by (IQ), MRI finding for SCI detection,
and level of anemia by (Hb Conc.) in a cohort of
patients with sickle cell disease (Hb.S%). Powerful
relationships are detected within our patients between
the level of IQ, in one hand, and the presence of SCI,
in the other hand.

Recorded 1Q scores are 92, 90, 82 in patients
with Hb-SS having normal MRI(Grl); patients with
Hb-SS having abnormal(with SCI) MRI (Grll); and
patients with Hb-SB[J having normal MRI(GrIII),
respectively(table-1). It is noticed that 1Q value
recorded low limits of normal average of intelligence
within all the patients. Children with SCI have
significant cognitive deficits that are intermediate in
magnitude compared to children with overt strokes
and those with normal MRI. Children with SCI have
IQs in the low 80s, whereas children with overt
strokes or normal MRI have IQs in the 70s and 90s,
respectively (Schatz et al., 32). Steen et al (20),
added that patients with imaging abnormalities had
more cognitive impairment than did patients with
normal imaging findings in verbal intelligence
quotient (P<.02) and verbal comprehension (P<.01).

Moreover patients with Hb- S/B® (Gr.III) have
the lowest 1Q level while they all have normal MRI
finding. In spite of the group of mixed phenotype
(Hb-S/B®) did not show SCI in MRI finding( Gr.III),
they showed affection in other domains as 1Q value,
and Hb. Conc.(Table 1). In comparison to non infarct
Hb.S patients group (Gr.I), patients in Gr.III, are
scoring lower percentage of I1Q (82.2+17.4%;
92.8+£18%), as well as Hb conc. showed lower
concentration in comparison to Gr. I (8.3+£0.57; 8.9
+1.3g/dl respectively). So, we could conclude that
the presence of Hb. S/B° gives both effects as sickle
cell anemia associated with thalassemic anemia.

The explanations for the phenotypic
heterogeneity of SS remain incomplete, but the
answers will likely be found among the multitude of
genes that are co-inherited with the sickle (%)
mutation (Memish et al., 33). That is, to understand a
monogenic disease like SS, one must consider the
molecular genetic context of the causative mutation in
each individual. Until newer, comprehensive methods
are available, we must continue to rely upon simple
tools that include individual clinical features,
laboratory values, and a small number of genetic
polymorphisms ( Kirkham, 2).

Regarding evaluation of risk factors associated
with low values of IQ, Hb Concentration, showing
the lowest level (7.75+£0.2g/dl) in Grll (Hb-SS with
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abnormal MRI), even it is not show significant
difference but showing significant correlation with
the percentage of HDb-S conc. and indirectly
significant correlation with IQ level. The other two
groups without SCI showed reading ( 8.9+1.3g/dl) in
Gr.I and Gr.IIl reading (8.3+0.57g/dl). The same
results are detected in the study of (Schatz et al., 32),
where mean of Hemoglobin conc. in sickling patients
with SCI was 7.7 + 0.8(g/dl) to 8.3 + 1.1(g/dl) in non
infarct children( P =0.05).

Also correlation study is conducted in between
1Q level and different studied parameters in patients
of each group. In the presence of SCI, strong highly
significant correlations are detected between 1Q level
and all studied parameters (Age, Hb. Conc., platelets
count, WBC) (Table 5) within patients with Hb-SS
having SCI in MRI. In addition in the absence of SCI,
significant correlations are detected between 1Q level
and Age, Hb-S%, Hb-F%,& Hb-A2% parameters in
patients with Hb-SS having normal MRI. Where,
significant correlations are detected between 1Q level
and Age only in patients with Hb-S/B° having normal
MRI.

Chen et al. 34), found in their study on children
with sickle cell disease, a linear association between
IQ and regional gray matter volume. This finding
suggests that some variance in intellectual ability in
children with sickle cell disease is accounted for by
regional variability of gray matter volume, which is
independent of neuroradiological evidence of infarct.
In the current study, this point could be accessed
through providing significant correlations in between
1Q levels and all studied risk factors in patients with
SCI, where in patients without evidence of SCI, there
are significant correlations in between 1Q value with
age and levels of Hb.S, F, A2 percentage (Table 5).

So, we could suggest that SCD is associated
with cognitive effects even in the absence of SCI. To
support this suggestion some statistical analysis
within our results are done. According to IQ grads,
our patients are classified into 3 stages. First stage
contain sickling patients with IQ below average (IQ
<70%-90% comprises 35.6% of all patients), 2"stage
containing patients = 47.5% with normal average
intelligence (IQ 91—110), and 3™ stage containing
16.9% of the patients with superior intelligence (I1Q
range > 111). Within these groups of patients, 1Q
values showed significant difference with age (P
<0.01), Hb-S% (P <0.045), Hb-A2% (P <0.037) and
to a lesser extent Hb-F% (P<0.08) and MCV
(P<0.004) are detected (Table 4).So, all these factors
could be considered as risk factors associated with
SCD affecting cognitive attainment in those patients.

Steen et al. (20), mentioned that the incidence of
mild mental deficiency was elevated at least 11-fold
in a small sample of patients with sickle cell disease
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with no clinical history of stroke, and the full-scale
intelligence quotient (IQ) of these patients correlated
with hematocrit. Schatz et al. (34), explained that the
causes of this cognitive decrement may include direct
effects of SCD on brain function or indirect effects of
chronic illness. This supports the hypothesis that
cognitive impairment and lowered intellectual
function in children with sickle cell disease is partly
explained by function of chronic hypoxia of the brain
(Steen et al., 35)

Moreover, in other reports from the Cooperative
Study of Sickle Cell Disease (CSSCD) serial
cognitive testing suggested children with SCD and
normal brain magnetic resonance imaging (MRI)
exams showed declines in verbal 1Q scores over the
course of a 5-year period (Wang et al., 12). In
addition, there were age-related declines on a test of
psychomotor speed and focused attention (coding
subtest of the Wechsler scales) and mathematics
achievement (Schatz et al., 32). This point of view is
consistent with our results. All patients are classified
into 3 stages of age group (preschool, school, and
preteen age group) to study the parameters used in the
study in relation to age in sickling patients (Table2).
There are highly significant difference in the reading
of 1Q score (P=0.018), Hb.S% (P=0.015), Hb.F%
(P=0.013), in relation to age group. On the other hand
the percentage of Hb.S concentration in homozygous
Hb-SS group 1is strongly correlated with and
dependent on age (P=0.017), sex ( P<0.02), and
Hb.F% (P<0.000)(Table 3).

Added more, in Brown et al., (36) study who
found progressive decrease of 1Q score (94% —>84%)
with increase of age(9 —>13yr.), in children with
SCD. Within our patients; there is progressive
decrease in IQ score (93.3% > 81.5%) in our
sickling patients group (6 = 12.7yr.)(Table 2).

In addition, strong significant correlations are
detected between decrease IQ %, in one side, with
increased age (P =0.01); increased Hb-S% (P=0.045)
and positive relationship with decrease Hb-F% (P =
0.08), in the other side (Table 4).

From all of the above significant relations and
differences detected in between different factors
included in the study, cognitive impairment is age
dependent, and concentration dependent of Hb.S %,
Hb.F% and Hb.A2% in patient with SCD. The
percentage of hemoglobin S, F and A2 concentration
are considered as risk factors associate with cognitive
impairment in SCD. Cognitive impairment is
considered in children with SCD either showing
evidence if SCI or not. The appreciable cognitive
dysfunction of SCD with or without SCI demand
more effective treatments and ultimate prevention.
This results could be explained by Brown et al. (37),
study who mentioned that the pathophysiology
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characteristic of SCD can interfere with brain
function and constrain intellectual development, even
in absence of an infarct.

Regarding a study conducted by Day and
Chismark (38), they concluded that, central nervous
system complications are widespread among students
with SCD and include stroke, silent cerebral
infarction, and cognitive impairment. The effects of
these complications may lead to academic failure,
limited career options, and for some, total disability.

The phase 3 National Heart, Lung and Blood
Institute-sponsored Multicenter Study of
Hydroxyurea trial proved clinical efficacy for
preventing acute vaso-occlusive events in severely
affected adults. Management approaches include the
erythrocyte membrane, changes in the red cell
intracellular content (especially loss of water),
endothelial injury, and free radical production
(Heeney and, Ware, 39). Based on this cumulative
experience, hydroxyurea has emerged as an important
therapeutic option for children and adolescents with
recurrent vaso-occlusive events; recent evidence
documents sustained long-term benefits with
prevention or reversal of chronic organ damage
(Ware, 40).

Recommendations:

1. Silent cerebral infarcts are known to confer
additional disease burden, this information is
important for further evaluation of patients and
the efficacy of preventive strategy.

2. Considering MRI test for meticulous follow up
for patients with sickle cell disease

3. Sickle/ thalassemic patients need more attention
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