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Abstract

Background: The Sickle cell disease (SCD) is a hemoglobinopathy that is recessively inherited commonly among
people of Equatorial African, Saudi Arabian, and Mediterranean ancestry. It is characterized by chronic hemolytic ane-
mia and intermittent vaso-occlusive events. The stroke is a common complication of SCD, which occurs in approxi-
mately 7% of children with SCD. The Transcranial Doppler ultrasonography is the only noninvasive examination that
provides a reliable evaluation of intracranial blood flow patterns in real time with no need for sedation of the patient.
The TCD can identify children with the highest risk of the first-ever stroke and those in need of prophylactic blood
transfusion, as the blood transfusion is not in the protocol of management of SCD till now but just after complication
occurrence. So, it is important to know if the chronicity and the regularity of the transfusion are useful or not.

Results: Sixty-nine patients diagnosed with sickle cell disease, recruited from the pediatric hematology outpatient
clinic, over a period of 7 months, with age 2-13 years, examined by transcranial Doppler ultrasound. 44.9% of them
were on regular blood transfusion, 39.1% occasionally transfused and 15.9% never transfused. Transcranial Doppler
parameters of the cerebral arteries, namely TAMAX, PSV, were correlated with the frequency of transfusion and with
(STOP) classification of the stroke risk. The Doppler parameters were also correlated with the different clinical param-
eters. The right MCA PSV and left DICA PSV were significantly higher among patients who were never transfused
before. The Right DICA TAMAX was significantly higher among patients on regular transfusion, and the left DICA
TAmax was significantly higher among patients who were never transfused before. Patients with high risk of stroke
were diagnosed at a significantly older age. Regarding the laboratory parameters, platelets were significantly lower
and total and direct bilirubin was significantly higher among the high stroke risk patients.

Conclusions: The regularity of the blood transfusion is extremely important in the stroke prevention. The most
important velocities that may act as indicators for the risk are TAMAX of both DICAs and PSV of RT MCA & LT DICA.
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Vasculopathy of the large intracranial arteries, such
as the supraclinoid internal carotid artery (ICA), mid-
dle cerebral artery (MCA), and anterior cerebral artery
(ACA), was first seen on conventional angiography in
children with SCD and neurological sequelae in the
1970s [2]. The pathophysiology of vasculopathy consists
of progressive damage to the basal intracranial arter-
ies and cerebral microcirculation, while chronic ane-
mia worsens exposure to cerebral hypoxia. It results in
stroke and subclinical or poorly symptomatic ischemic
lesions [3].Overt stroke occurs in up to 11% of children
with SCD by age 18 and 24% by age 45 [4].

Silent cerebral infarctions (SCIs) can occur in new-
borns and preschoolers, despite the fact that the aver-
age age of occurrence of overt stroke is 7.7 years. Even
in the absence of a history of clinical stroke, infarction
and/or stenosis of the major cerebral arteries are com-
mon in very young children. Even when they are very
young, children with SCI are at an increased risk of
overt stroke and developing silent infarction. Intellec-
tual ability and academic achievement are among the
associated morbidities [5].

Transfusions can be used to treat specific episodes
or to prevent life-threatening consequences in children
with sickle cell disease. Ongoing transfusions can also
assist children with sickle cell disease improve their
height and weight [6].

Transcranial Doppler (TCD) has become an essential
tool in the management of sickle cell anemia patients,
recommended by the French Authority of Health and
by the United States Department of Health and Human
Services (type A, class I evidence). In children who have
suffered a stroke, it detects arteriopathy with a sensitiv-
ity of 90% and specificity of 100% compared to cerebral
angiography [7]. The most important application is in
evaluation of stroke risk in neurologically asympto-
matic sickle cell anemia patients. It was demonstrated
that an abnormal TCD is linked to high risk of a first
stroke, and that chronic transfusions reduce this risk
[8].

Blood flow velocities in the major cerebral arteries
measured by transcranial Doppler (TCD) are indica-
tors of stroke risk in HbSS/HbSBO children aged 2 to 16.
Chronic red cell transfusions (CRT) with an intent of
reducing hemoglobin S levels to less than 30% normal-
ize TCD velocities in about 80% of patients and reduce
the risk of primary stroke by 90%. Children who were
withdrawn of CRT after 30 months had a higher rate of
primary stroke [9]. TCD velocities can be reduced with
hydroxyurea (HU), and a trial showed that young chil-
dren at risk for stroke whose TCDs normalized on CRT
could be gradually weaned off transfusion therapy and
maintained on HU with stable TCD velocities [10].
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Chronic red cell transfusions decreases the risk of
stroke recurrence from 67 to 20% [11]. Hydroxyurea does
not provide the same level of protection for secondary
stroke prevention [12].

According to the French and United States guidelines,
children with sickle cell anemia should be screened with
TCD from the second year of life and then re-scanned
annually until 16 years old if normal (i.e., highest TAMX
of any artery <170 cm/s), quarterly if conditional (TAMX
of at least one artery 170-199 cm/s), and regular trans-
fusions should be initiated in case of abnormal TCD
(TAMX in at least one artery > 200 cm/s) [13].

Methods

Study population

This study was conducted over a period of 7 months. It
included sixty-nine sickle cell disease patients aged from
2 to 13 years old, attending at the pediatric hematology
outpatient clinic. A verbal consent was obtained from the
patients and their legal guardians before enrollment in
the study.

We included patients diagnosed with sickle cell ane-
mia established by hemoglobin electrophoresis whether
transfusion or non-transfusion dependant. We excluded
patients with CNS congenital anomalies, patients with
history of previous stroke, and patients during the acute
attack of sickling crisis or hemolytic attack.

The patients were allocated into three groups according
to frequency of transfusion:

+ Group (A): 31 cases regularly blood transfused.
+  Group (B): 27 cases occasionally blood transfused.
« Group (C): 11 cases never blood transfused before.

Clinical examination

Full history was taken with emphasis on age, sex, Age
at diagnosis, frequency of transfusion in previously
transfused patients, treatment with hydroxyurea among
patients, and history of splenectomy or not.

Laboratory investigations

The laboratory data collected included hemoglobin
(HB), hematocrit value (HCT), white blood cells count
(WBCs), platelets, total serum bilirubin, and direct bili-
rubin levels.

Imaging

Transcranial Doppler was performed at the pediatric
radiology department by one investigator using SAM-
SUNG HS 60 ultrasound machine, that is equipped by
2-3 MHz phased array probe.



Kamel et al. Egypt J Radiol NuclMed ~ (2022) 53:256

The patient lies supine with lateral tilting of his head
to either side during the examination. The two mid-
dle cerebral arteries (MCAs) were investigated using a
trans temporal approach, where the probe was placed
on the temporal aspect of the head, cephalad to the
zygomatic arch and immediately anterior and slightly
superior to the tragus of the ear in a transverse posi-
tion. Then the probe is angulated anteriorly till we vis-
ualize the M1 segment of the middle cerebral artery.

When the circle of Willis becomes evident, the mid-
dle cerebral artery is directed laterally into the Sylvian
fissure. Then, spectral wave analysis is done in M1 seg-
ment on both sides.

Then the anterior cerebral artery is investigated by
directing the probe downward, forward, and medi-
ally, where the flow is away from the transducer. After
angling the probe slightly inferior and posterior, the
distal part of internal carotid artery is visualized, with
color flow in direction to the transducer.

The transducer is slid posteriorly for the posterior
cerebral artery, with color flow is detected in direction
to the transducer in its initial part, then away from the
transducer as it courses around the cerebral peduncle.
After completing investigation on one side, we repeat
the procedure on the other side after asking the child
to turn the head to the opposite side.

The following parameters were measured on
both sides (right and left sides):PSV (peak systolic
velocity),EDV (end diastolic velocity),RI (resistive
index) and TA.max (time average mean of maximum
velocity).

According to the Stroke Prevention Trial in Sickle
Cell Anemia (STOP) classification for the risk of
stroke, the TAmax velocities of the patients were clas-
sified into 3 groups:

Group 1 TAmax < 170 cm/s normal (no risk).

Group 2 TAmax 170-200 cm/s conditional risk.

Group 3 TAmax > 200 cm/s high risk of stroke.

Statistical analysis

An Excel spreadsheet was established for the entry
of data. The analysis was carried with SPSS software
(Statistical Package for the Social Sciences, version
24, SSPS Inc, Chicago, IL, USA). Frequency tables
with percentages were used for categorical variables
and descriptive statistics (mean and standard devia-
tion) were used for numerical variables. Either paired
Student’s t or Mann—Whitney tests were used to com-
pare quantitative variables, while McNemar or McNe-
mar—Bowker tests were used to analyze categorical
variables. A p value<0.05 is considered statistically
significant.
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Results

This prospective cross-sectional study was conducted on
69 patients with sickle cell anemia regularly attending the
pediatric hematology outpatient clinic, and fulfilling the
inclusion criteria.

Our patients consisted of 36 (52.2%) males and 33
(47.8%) females with male: female ratio being 1.09:1.
Mean patients’ age was 7.61 %+ 3.98 years; with mean age
at diagnosis was 12.244+12.19 months 0.31 patients were
on regular transfusion, 27 patients were occasionally
transfused and 11 patients never transfused before.

Regarding the hematological workup, the mean
WBCs was 10.73 +5.34 x 103/microliter, HB
8.23+1.4 gm/dL, HCT 23.36 £4.22%, and for platelets
333.01 £ 124.82 x 103/microliter. The total serum biliru-
bin mean value was 2.13+£1.09 gm/dL, while the mean
value for direct bilirubin was 0.42+0.26 gm/dL. The
detailed clinical data are explained in Table 1.

Table 2 demonstrates the PSV and TA max of differ-
ent cerebral arteries among the studied patients. For the
Middle cerebral artery (MCA), the mean PSV for the
right one is 144.06+28.9 cm/s and 149.45+35.06 cm/s
for left, while the mean TA.max 99.35+22.39 cm/s for
RT and 93.41+31.64 cm/s for LT.

The Mean (RT& LT) PSV and TA.max for Dis-
tal internal carotid (DICA) were 135.20+£36.43 cm/s,

121.71£37.83 cm/s, 94.90+2221 cm/s, and
85.74425.49 cm/s, respectively.
Moreover, the mean PSV of Anterior cerebral

artery (ACA) was 135.484+39.17 cm/s for right and
137.40+£56.96 cm/s for LT, while the mean TA.max
95.05+31.33 cm/s for RT and 96.10+42.09 cm/s for LT.

The Mean (RT& LT) PSV and TA.max for poste-
rior cerebral artery (PCA) were 123.86+45.15 cm/s,
120.21+£46.53 cm/s, 87.43+3045 cm/s, and
81.86430.08 cm/s, respectively.

Regarding the clinical parameters, we found no correla-
tion between the regularity of the blood transfusion and
the gender of the patients. Also, we found that 4 patients
had splenectomy operation with no significant correla-
tion between the splenectomy and the regularity of blood
transfusion (P value is 0.344).

No significant correlation was found between the regu-
larity of blood transfusion and the age of the patients, age
at diagnosis or any of the hematological and serological
parameters (namely total and direct bilirubin level).

Patients were divided according to frequency of blood
transfusion to 3 groups

« Never had transfusion
« Occasional blood transfusion



Kamel et al. Egypt J Radiol Nucl Med ~ (2022) 53:256

Table 1 Clinical and laboratory data of patients
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Minimum Maximum Mean Std. deviation
TLCs microliter 4.60 25.20 10.73 534
HB gm/dL 490 12.50 8.23 1.40
HCT% 13.70 36.70 2336 422
Platelets microliter 155.00 685.00 333.01 124.82
TBilirubin gm/dL 0.20 4,00 213 1.09
D.Bilirubin gm/dL 0.10 1.20 042 0.26

Number Percent (%)

Splenectomy
Yes 4 58
No 65 94.2
Blood transfusion
Never 1 159
Occasional 27 39.1
Regular 31 47.9
Hydroxyurea Therapy
Hydroxyurea therapy 69 100

TLCTotal leukocytic count, Hb Hemoglobin, HCT hematocrit, Bil T Total Bilirubin, Bil D Direct bilirubin

Table 2 TCD parameters of the studied patients

Mean Std. deviation

PSV (peak systolic velocity) (cm/s)

RT MCA 144.06 28.90
LT MCA 149.45 35.06
RT DICA 135.20 3643
LT DICA 121.71 3783
RT ACA 13548 39.17
LT ACA 137.40 56.96
RT PCA 123.86 45.15
LT PCA 120.21 46.53
RT MCA 99.35 2239
TA.max (time average mean of maximum velocity) (cm/s)

LT MCA 9341 31.64
RT DICA 94.90 2221
LT DICA 85.74 2549
RT ACA 95.05 3133
LT ACA 96.10 42.09
RT PCA 8743 3045
LT PCA 81.86 30.08

TCD transcranial Doppler, Rt right, Lt Left, MCA middle cerebral artery, DICA distal
internal carotid artery, ACA anterior cerebral artery, PCA posterior cerebral artery

« Regular transfusion

The three groups were comparable regarding gender,
age, age at diagnosis, hematological and biochemical
parameters (Fig. 1). However, the right MCA PSV and

left DICA PSV were significantly higher among patients
who were never transfused before (p-0.023 and p =0.021,
respectively). On the other hand, the Right DICA TAmax
was significantly higher among patients on regular trans-
fusion (p=0.015) and the left DICA TAmax was signifi-
cantly higher among patients who were never transfused
before (p=0.014) as further demonstrated in Table 3.

« Furthermore the patients were divided into three
groups according to (STOP) classification for the risk
of stroke (Table 4):

+ Low risk (normal): <170 cm/s (Figs. 2 and 6)

+ Conditional: 170-200 cm/s (Fig. 4)

+ High risk (abnormal): >200 cm/s (Figs. 1 and 3)

There was no significant difference between the three
groups regarding the age, however, patients with high
risk of stroke were diagnosed at a significantly older age
(p=0.008). Regarding the laboratory parameters, plate-
lets were significantly lower, while total and direct bili-
rubin were significantly higher among the patients with
high risk stroke (p=0.022, p=0.025, p=0.000, respec-
tively) (Figs. 4, 5, and 6).

Regarding the radiological parameters, the PSV of
the right MCA, left MCA, left DICA, right ACA, Left
ACA, and right PCA were significantly higher among
the high risk stroke group (»p =0.004, p =0.002, p =0.003,
p=0.000, p=0.004, respectively). Likewise, the TA max
of the right MCA, Left MCA, Left DICA, right ACA, Left
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Fig. 1 Transcranial Doppler for 7 years old female patient who never transfused showing the PSV within the distal ICA on the left side to be
307 cm/s and the TAMAX to be 224 cm/s (more than 200 cm/s) indicating the presence of high stroke risk

ACA, and right PCA were significantly higher among the
high risk group (»p=0.005, p=0.001, p =0.000,p =0.000,
p=0.000,and p=0.001, respectively) as further shown in
Table 4.

+ ROC curve for specificity and sensitivity is shown in
Fig. 5

+ As shown in Table 5, there was a significant (p
value<0.05 specificity and sensitivity for RT MCA
PSV, LT DICA PSV, RT DICA, TA.max, and LT
DICA TA.max for detection the need for transfusion.
The detailed area under curve is explained in Table 5.

Discussion

Sickle cell anemia is a qualitative genetic hemoglobi-
nopathy caused by a single amino acid substitution in
the beta globin chain of hemoglobin leading to expres-
sion of HbS [14]. It is one of the most common genetic
diseases worldwide, with the East Mediterranean areas

and the Middle East considered to be among the most
heavily affected region with sickle cell disease burden
[15]. In Egypt, it is highly common in the Oasis where
the carrier rate ranges from 9 to 22% [16].

Stroke is one of the most severe complications of
sickle cell disease (SCD), affecting children as well as
adults, as reported by the Collaborative Study of Sickle
Cell Disease (CSSCD) [17]. Silent cerebral infarcts
are common among patients with sickle cell anemia.
Around one quarter of the patients are expected to
experience their first infarct before the age of six and
39% before the age [18].

This prospective cross-sectional study was conducted
on 69 patients with sickle cell anemia regularly attend-
ing the at the pediatric hematology clinic and fulfilling
the inclusion criteria aiming to assess the TCD veloci-
ties (TAmax and PSV) among patients with sickle cell
disease who were classified into three variable blood
transfusion groups (regular, occasional and never) and
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Table 3 Comparison between groups according to frequency of blood transfusion regarding demographic, hematological,

biochemical and radiological parameters

Never (n=11) occasional (n=27) regular (n=31) PValue
Peak systolic velocity (cm/s) (mean £ SD)
RT MCA 147.6667 £28.23013 1269167 £26.7835 14032+ 256 0.023 Significant
LT MCA 152.4386+£35.71815 135.25428.97373 146.12+33.17 0.124 not significant
RT DICA 139.0877 £35.46743 116.75+£36.7179 147.19+40.74 0.053 not significant
LT DICA 1264737 £37.70994 99.08334+30.50025 119.9+£30.59 0.021 Significant
RT ACA 138.551+£39.32454 118.7778 £35.76233 130.65428.93 0.166 not significant
LT ACA 141.898 £ 59.70771 112.88894+30.32509 133.73+38.04 0.162 not significant
RT PCA 128.1224 £ 46.46443 100.6667 £29.21044 140.96 +-44.2 0.94 not significant
LT PCA 1234694 £4581171 102.4444 £49.1353 132.38+5544 0216 not significant
Time average mean of maximum velocity (cm/s) (mean % SD)
RT MCA 101.5439422.49371 88.9167 +19.49106 96.12+2143 0.076 not significant
LT MCA 93.9298 +32.84262 90.9167 +26.27982 973+349 0.767 not significant
RT DICA 97.1579421.88998 84.1667 +21.43842 104.93+22.46 0.015 Significant
LT DICA 89.1579 4 24.95051 84.194£18.82 69.5+£2233424 0.014 Significant
RT ACA 96.6327 +31.54738 86.4444 £ 3042249 87.69+2144 0375 not significant
LT ACA 98.8776+44.39202 8142219234 86.67 £29.68 0.245 not significant
RT PCA 90.1633+30.98074 72.55564+23.53779 95.92427.52 0.112 not significant
LT PCA 844694 £29.53254 67.6667 £30.7693 90.03+£34.78 0.125 not significant

Rt right, Lt Left, MCA middle cerebral artery, DICA distal internal carotid artery, ACA anterior cerebral

Table 4 Comparison between groups according to risk of stroke regarding demographic, hematological, biochemical and radiological

parameters

Low risk (n=63) Conditional High risk (n=3) P value

(n=3)

Age of onset (months) 12.84+£13.51 24412 36+£0.18 0.008
(mean=+SD)
Plt 344494120.56 270+ 146.54 155£041 0.022
Bil T 203+1.07 283+£0386 3.60+0.34 0.025
Bil D 036+0.18 0.79+£041 120+£0.74 0.000
Peak Systolic Velocity (cm/s)
Rt MCA 140.614+27.52 178.33+24.70 182+£9.14 0.004
Lt MCA 145+£33.06 186.33+21.12 206+3.10 0.002
Rt DICA 134.92+37.36 14533 £4045 16143.38 0.875
Lt DICA 117.04+35.17 169.33+49.05 172£227 0.003
Rt ACA 127.884+26.37 162.664+85.57 2404524 0.000
Lt ACA 123.38+£33.04 210.66+91.06 307+£0.98 0.000
Rt PCA 117.76 £40.42 155.33+75.63 198£8.03 0.004
Lt PCA 115.92+46.83 164.66£31.65 16840.04 0.109
TA max Time average mean of maximum velocity (cm/s)
Rt MCA 96.69+21.34 127334195 137+£52 0.005
Lt MCA 89.28+£29.73 12833+£165 1454+0.74 0.001
Rt DICA 94.25£22.31 109.334+3.89 127.254+0.07 0.523
Lt DICA 82.3442322 131.33£5337 1544035 0.000
Rt ACA 88.40+£19.56 120.33+63.06 185+£1.23 0.000
Lt ACA 85.69+23.59 1453344981 22441478 0.000
Rt PCA 82.84+26.10 108.33+£52.04 14641725 0.001
Lt PCA 789443030 1123341234 122+12.14 0.084

Bil Bilirubin, Rt right, Lt Left, MCA middle cerebral artery, DICA distal internal carotid artery, ACA anterior cerebral artery, PCA posterior cerebral artery
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Fig. 2 4 years old male patient on regular blood transfusion, Transcranial Doppler measurements showing no risk of stroke

were taking hydroxyurea therapy with correlation to
different clinical parameters.

The highest mean (TAmax) velocity recorded among
our patients was 99.35+22.39 cm/s and was noted in
the right MCA. This is in accordance with the literature
where the highest velocities are recorded in the right
MCA [19.20,21] This velocity is comparable with that
of healthy Egyptian children with recorded velocities
of 92.15+9.62 cm/s [22]. On the other hand, the least
mean velocity was 81.86+30.08 cm/s and was noted
in the left PCA in comparison with DICA in two stud-
ies [19, 21].It is worth noting that the highest maxi-
mum (TAmax) velocity was 224 +42.09 cm/s and was
recorded in the left ACA, this is in accordance with the
study of [23], where the authors report stroke in two
children with sickle cell disease and high blood flow
velocity limited to the anterior cerebral artery and sug-
gested that elevated velocity in this vessel may be asso-
ciated with an increased risk of stroke.

According to (stop) classification for detection of
stroke risk, TAmax measured in the arteries of the cir-
cle of Willis has been proven to detect SCD patients
at high risk of developing ischemic stroke. Its signifi-
cance in the prevention of stroke has also been widely
acknowledged [24, 25]. Based on the STOP trial crite-
ria the TAmax is used to classify patients into three risk
groups: (1) no risk, when the TAmax is below 170 cm/s.
(2) Conditional risk, when the velocity is between 170
and 199 cm/s carrying 7% risk of stroke. (3) High risk
is seen when the TAmax is 200 m/s or over, conferring
40% risk of stroke to sufferers. The importance of this
observation is that first stroke can be avoided in chil-
dren at high risk by chronic transfusion, or hydroxyu-
rea therapy. The prior studies reported up to 90% of
first stroke might be prevented by prophylactic blood
transfusion, and their study provided evidence for the
efficacy of this approach in primary stroke prevention
in children at risk [24—27].
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Rt MCA

Fig. 3 6 years old female patient on occasional blood transfusion, Transcranial Doppler measurements showing right MCA TAmax of 147 cm/sec,
left MCA TAmax of 145 cm/sec and Lt ACA TAmax of 209 cm/sec, parameters indicating high risk of stroke

Only 3 (4.3%) of our patients had abnormal velocities
denoting high risk for stroke and 3 patients (4%) had a
conditional risk for stroke, This finding is similar to that
conducted by an Iranian study which detected that 3% of
studied patients showed conditional and high risk stroke,
respectively [28]. It is also similar to that reported by
another study conducted on African population show-
ing 3% with abnormal velocities >200 cm/s [21]. How-
ever this contradicts several studies conducted on the
American population that revealed 9.4% with high risk
and 17.3% with conditional risk [29] and another French
study that concluded 20.7% with high risk and 26.7%
with conditional risk [30]. This could suggest regional
or ethnic variations in the cerebral velocities. The rea-
son for this low prevalence of high TCD velocities in
African children with SCA is not clear and is interesting
especially since we have a higher prevalence of stroke in
Africa than in America [31], also contradicts the study

of Lagunju et al. [32], in which no regular transfusion,
The study had stated a prevalence of 8.4% for abnormal
velocities (>200 cm/s) and 21.9% for conditional veloci-
ties, this could suggest the important role of the transfu-
sion regularity or combined with hydroxyurea treatment
[1, 33, 34].

Patients with sickle cell anemia and conditional risk
velocities must be closely monitored with frequent TCD
scans to enable for early diagnosis of aberrant velocities
and the implementation of primary stroke prevention
strategies [35].

According to the frequency of blood transfusion,
the right MCA (PSV), left DICA (PSV) & both DICA
(TAmax) had a significant correlation with the frequency
of blood transfusion, and this finding is in accordance
with prior research. Abd-Allah et al. [36] which showed
that the annual frequency of blood transfusion and
HU dose was associated with a decreased frequency
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90.92 cm/s
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1.88
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ED 78.16 cm/s
MD 78.16 cm/s
TAmax 123.03 cm/s
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0.57

2.32

0.43

-240.38 cm/s
-124.13 cmis
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0.63

0.48

1.94

198.91 cm/s
101.33 cm/s
101.33 cm/s
TAmax 146.58 cm/s
0.67
0.49
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Fig. 4 8 years old female patient on occasional blood transfusion, Transcranial Doppler measurements showing right MCA TAmax of 128 cm/sec,
left MCA TAmax of 150 cm/sec, right ACA TAmax of 185 cm/sec and Rt DICA TAmax of 165 cm/sec, parameters indicating conditional risk of stroke

of abnormal TCD findings, but is opposite to Bowman
et al.[37]; Gujjar et al. [38] that had reported that The
differences in Doppler velocities noted were not signifi-
cantly different between patients who had been trans-
fused within 3 months of examination, and those who
had not received transfusions.

According to frequency of blood transfusion the sensi-
tivity and the specificity of the arterial velocities showed,
The right MCA (PSV), the left DICA (PSV), and both
DICA (TAmax) are the highest sensitive and specific
velocities according to frequency of transfusion and this
in accordance with Proust et al. [39] & Lagunju et al. [17]
that had reported that sensitivity and specificity were
higher than those for TCD for MCA (100% and 93%,
respectively) and ICA (100% and 96.6%, respectively) in
addition to Jones [40]; Naffaa [41] that showed PSV is at
least as good as TAmax and can be used to select chil-
dren with SCD for treatment or increased surveillance
to prevent first stroke and the most frequent location

of highest velocity measurement was noted to be in the
middle cerebral artery regardless of whether it was meas-
ured by PSV or TAmax.

Among our patients, 65 patients had normal (not
excised) spleen, while 4 patients underwent splenec-
tomy (who were in low risk of stroke group). And there
was insignificant difference between splenectomy status
and Doppler velocities according to the risk of stroke,
which is similar with the study done by Gutiérrez et al.
[42]; Kanavaki et al. [43] had reported that there was no
statistically significant difference in the TAmax values for
all examined cerebral arteries between the non-splenect-
omized and splenectomized patient groups.

Regarding the hematological workup, the mean
hemoglobin at our study was 8.23+1.4 gm/dL and
platelets was 333 & 124.82 x 103, This is similar to that
reported by Adekile et al. [20], where mean total hemo-
globin was 8.5+3.5 gm/dl among studied patients
in Arabian Peninsula and platelets were on the upper
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Fig. 5 ROC curve for specificity and sensitivity between TCA Doppler and need for transfusion
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limit with a value of 315.9+140.6. Another study car-
ried out in Nigeria deduced that the patients were ane-
mic with platelets on the upper normal border. Chronic
hemolysis, autosplenectomy, and chronic inflamma-
tion provide the unifying pathophysiological bases for
the aforementioned hematological findings in SCD
[44—46]. Several clinical studies have also linked severe
anemia and thrombocytosis to adverse clinical events
in SCD including acute chest syndrome, vaso-occlusive
crisis, hospitalizations, silent cerebral infarcts, overt
stroke, and death [47, 48].

In the current study, total bilirubin positively correlated
with TCD velocities of all vessels apart from left PCA.
This is similar finding to one study that correlated hemo-
lytic markers with TCD velocities [19]. On the other
hand, the same study concluded hemoglobin and hema-
tocrit showed a negative correlation with TCD velocities,
which is in line with our study. This can be explained by
the compensatory mechanism of the cerebral perfu-
sion under chronic anemia status [21]. Low baseline Hb
were suggested to be associated with an increased risk
of developing a conditional TCD or abnormal TCD later

in childhood [49]. It is worth noting that direct bilirubin
positively correlated with velocities in all vessels.

Our study revealed a positive correlation between
age and TCD velocities. This is in line with a Sudanese
study which detected the same correlation. Ismail et al
[21], but is opposite to that concluded by one Nigerian
study Lagunju et al. [32] and another French study con-
ducted by Bernaudi et al.[30], which showed a progres-
sive decline in velocities after the age of 5 years. There is
no clear explanation for this discrepancy.

Conclusions

The routine trans cranial duplex is indispensable in pre-
diction of stroke in children with sickle cell disease who
are at an increased risk of stroke, and the regularity of the
blood transfusion is extremely important in the stroke
prevention, in addition that the hydroxyurea combined
with regular transfusion therapy might even be more
beneficial. The most important velocities may act as indi-
cators for the risk are TA max of both DICAs and PSV of
RT MCA & LT DICA.
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Fig. 6 Transcranial Doppler for a 10 years old male on occasional blood transfusion showing the TAMAX within the right MCA to be 108 cm/s (i.e,,
less than 170 cm/s) indicating no risk of stroke

Table 5 Area under curve

Test result variable (s) Area Asymptotic significance
RT MCA PSV 764 .012
RT DICA PSV 685 .080
RT ACA PSV 645 169
RT PCA PSV 636 198
LT MCA PSV 652 150
LT DICA PSV 752 .017
LT ACA PSV 670 107
LT PCA PSV 653 147
RT MCATAM 705 052
RT DICATAM 724 .033
RT ACATAM 625 238
RT PCATAM 635 201
LT MCATAM 524 822
LT DICATAM 771 .010
LT ACATAM .580 446
LT PCATAM 662 125

Bold indicate significat values and to highlight their importance
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