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Background: Cerebral infarcts and vasculopathy in neurologically asymptomatic children with sickle cell
anemia (SCA) have received little attention in African settings. This study aimed to establish the prevalence of silent cerebral infarcts (SCI) and vasculopathy and determine associations with exposure to
chronic hemolysis, anemia, and hypoxia.
Methods: We prospectively studied 224 children with SCA with transcranial Doppler (TCD), and magnetic resonance imaging (MRI) and magnetic resonance angiography (MRA). Regressions were undertaken with contemporaneous hemoglobin, reticulocyte count, mean prior hemoglobin, oxygen content,
reticulocyte count, and indirect bilirubin.
Results: Prevalence of SCI was 27% (61 of 224); cerebral blood ﬂow velocity was abnormal (>200 cm/s) in
three and conditional (>170<200 cm/s) in one. Vasculopathy grades 2 (stenosis) and 3 (occlusion)
occurred in 16 (7%) and two (1%), respectively; none had grade 4 (moyamoya). SCI was associated with
vasculopathy on MRA (odds ratio 2.68; 95% conﬁdence intervals [95% CI] 1.32 to 5.46; P ¼ 0.007) and
mean prior indirect bilirubin (odds ratio 1.02, 95% CI 1.00 to 1.03, P ¼ 0.024; n ¼ 83) but not age, sex, nonnormal TCD, or contemporaneous hemoglobin. Vasculopathy was associated with mean prior values for
hemoglobin (odds ratio 0.33, 95% CI 0.16 to 0.69, P ¼ 0.003; n ¼ 87), oxygen content (odds ratio 0.43, 95%
CI 0.25 to 0.74, P ¼ 0.003), reticulocytes (odds ratio 1.20, 95% CI 1.01-1.42, P ¼ 0.041; n ¼ 77), and indirect
bilirubin (odds ratio 1.02, 95% CI 1.01 to 1.04, P ¼ 0.009).
Conclusions: SCI and vasculopathy on MRA are common in neurologically asymptomatic children with
SCA living in Africa, even when TCD is normal. Children with vasculopathy on MRA are at increased risk
of SCI. Longitudinal exposure to anemia, hypoxia, and hemolysis appear to be risk factors for
vasculopathy.
© 2020 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction
Silent cerebral infarct (SCI) is the most common neurological
injury in children with sickle cell anemia (SCA),1,2 and prevalence in
children ranges from 21% to 40%.2-6 SCI is an independent risk
factor for clinical stroke,7-9 and new or more extensive SCI,6,7 and is
associated with neuropsychological deﬁcits.7,10-13
Despite the fact that more than 90% of the children with SCA are
born in sub-Saharan Africa and India,14 there is limited access to
blood transfusion and other resources for primary and secondary
stroke prevention and little exploration of predictors of brain injury
in these countries. In a Tanzanian study of 200 patients with SCA,
67 had abnormal internal carotid/middle cerebral artery (ICA/MCA)
time-averaged mean of the maximum cerebral blood ﬂow velocity
(CBFV) on transcranial Doppler (TCD). Among 49 of 67 patients who
also had brain magnetic resonance imaging (MRI), 14% had stroke
and 29% had SCI.15 However, little is known on the prevalence of
vasculopathy on magnetic resonance angiography (MRA) in
asymptomatic patients with SCA anywhere in the world16 and
there are few data on any association with SCI, TCD measures,17 or
previous exposure to hemolysis or hypoxia.18,19
We hypothesized that vasculopathy, detected by MRA and TCD,
would be more common in neurologically asymptomatic children
with SCA and adolescents with SCI. We also hypothesized that
clinical events and laboratory markers of anemia (e.g., hemoglobin), hemolysis (e.g., reticulocyte count, indirect bilirubin), and
hypoxic exposure (e.g., low arterial oxygen content)16,20 would
predict SCI and vasculopathy. We speciﬁcally studied (1) prevalence
of SCI and vasculopathy; (2) comparison between presence of SCI
and age, sex, clinical variables, CBFV on TCD, laboratory variables at
the time of and before MRI, and presence of intracranial vasculopathy on MRA; and (3) comparison between presence of vasculopathy on MRA and CBFV on TCD and laboratory variables at the
time of and before MRI.

reticulocyte count, and indirect bilirubin. Where daytime oxygen
saturation and hemoglobin were available on the same day, arterial
oxygen content (CaO2) was calculated as:
CaO2 ¼ 1.34  Hemoglobin  SpO2 þ (0.003  pO2)
where pO2, the partial pressure of oxygen, was assumed to be 100
torr in room air. The number of all measurements, the average of all
available historical values, and the time between measurement and
participation in this study were recorded.

Transcranial Doppler ultrasonography
Patients underwent TCD using a DWL Ez-Dop with a 2-MHz
probe following the STOP (Stroke Prevention in Sickle Cell Disease) protocol,22 by radiologists M.J. or M.A. As part of their
radiological training, they had already received training in ultrasound physics, equipment, and scanning techniques and underwent one week of intensive training by F.J.K. involving the scanning
of around 100 patients with sickle cell disease (SCD). Transtemporal
and suboccipital sonographic windows were used to determine
time-averaged maximum CBFV of the MCA, ICA, and basilar artery
using inbuilt software. The highest time-averaged maximum CBFV
in the ICA/MCA on either left or right side was determined and was
classiﬁed as low (<50 cm/s), normal (50<149 cm/s),23,24 slightly
elevated (150<170 cm/s), conditional (170<200 cm/s), and
abnormal (200 cm/s)25 CBFV. Patients with low, slightly elevated,
conditional, and abnormal CBFV were classiﬁed as “non-normal,”
and patients who did not have a reliable reading were excluded.
Patients with abnormal neuroradiologic ﬁndings were referred
back to their respective sickle cell clinics for discussion of the results and further management; those with abnormal TCD were
offered hydroxyurea, but long-term blood transfusion was not
available.

Methods
Standard protocol approvals, registrations, and patient consents

Neuroimaging

Formal ethics approval was obtained from the Muhimbili University of Health and Allied Sciences Institutional Review Board
(MUHAS-IRB Ref.2014-11-03/AEC/Vol.IX/32). Individual written
consent was obtained from parents or guardians of minors and
participants older than 18 years.

MRI was performed on a 1.5-Tesla Philips Achieva scanner. A
standardized head protocol was used, including axial and coronal
T2-weighted sequences, an axial ﬂuid-attenuated inversion recovery sequence, and a time-of-ﬂight MRA with source and maximum
intensity projection.
Two experienced neuroradiologists (M.J. and D.E.S.), unaware of
the TCD results, interpreted the images independently. Discordant
readings were resolved by consensus. Magnetic resonance images
were evaluated for the presence of parenchymal injury, atrophy,
and vessel occlusion or stenosis.
SCI were deﬁned using the Silent Infarct Transfusion (SIT) trial
deﬁnition: a lesion measuring at least 3 mm in greatest linear
dimension, visible in at least two planes on T2-weighted images.26
Anatomical locations of SCI within the cerebrum, basal ganglia,
thalamus, brainstem, and cerebellum were recorded.
MRA examinations were reviewed for turbulence or signal loss
in the terminal ICA and in the A1, M1, M2, P1, and P2 segments of
the basal vessels, according to previously published criteria27: four
segments of each ICA, and three segments of each anterior cerebral
artery (ACA) and MCA were examined. Vasculopathy on MRA was
graded according to severity of signal loss: 0, none (normal); 1,
minor signal attenuation (turbulence) and normal-appearing vessel
on MRI; 2, obvious signal attenuation, but presence of distal ﬂow
(stenosis); 3, signal loss and no distal ﬂow (occlusion); 4, occlusion
with collaterals (moyamoya) (Fig 1).18 The worst vasculopathy in
any vessel was recorded.

Demographic and clinical variables
A cross-sectional hospital-based study was conducted at
Muhimbili National Hospital in Dar es Salaam for a period of
22 months from June 1, 2016, to March 31, 2018. Patients aged ﬁve
to 19 years with no clinical neurological manifestations by history
and examination undertaken by a doctor with neurological training
were eligible for this study of TCD and brain MRI. Patients with
prior stroke and history of seizures were not included. Simple
random sampling technique was used to select a list of patients
from Muhimbili Sickle Cell Program Database. Penicillin was prescribed, but chloroquine was not, although use of insecticidetreated nets was emphasized to prevent malaria infections. No
child was on hydroxyurea or a chronic blood transfusion regime.
Demographic information was collected, and clinical history,
including history of stroke, fever, chest crises, and painful crises,
was taken. Full blood counts were obtained at the time of recruitment. For those who had been enrolled in a previous study,21 we
obtained from that database available daytime oxygen saturation
(SpO2) measured in clinic by pulse oximetry, hemoglobin level,
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FIGURE 1. Vasculopathy on magnetic resonance angiography was graded according to severity of signal loss: (A) grade 0: normal; (B) grade 1: minor signal attenuation (turbulence)
and normal appearing vessel on magnetic resonance imaging; (C) grade 2: obvious signal attenuation, but presence of distal ﬂow (stenosis); (D) grade 3: signal loss and no distal
ﬂow (occlusion). Grade 4: occlusion with collaterals (moyamoya) not shown. The arrows show areas with named abnormaities. Reprinted with permission from Dlamin et al.18

Statistical analysis

Silent cerebral infarction

Statistical Package for Social Science (SPSS) version 25 was used
for data analysis. Normally distributed continuous variables were
compared using two-sided Student t test. Categorical variables
were compared using a c2 test or Fisher exact test if cell counts
were less than 5. Kappa statistics was used for comparison between
observers. Analysis of variance (ANOVA) was used to compare CBFV
across grades of vasculopathy. Univariate logistic regressions were
used to determine associations between (1) presence of SCI and (2)
presence of vasculopathy and age, sex, non-normal TCD, and laboratory measures at the time of MRI and the mean before MRI.
Multivariate models were not used because there were fewer patients with laboratory values. P < 0.05 was considered statistically
signiﬁcant.

Demographic and neuroimaging data for those with and
without SCI on MRI are shown in Table 1. Prevalence of SCI was 27%
(61 of 224) overall and did not differ between male and female
participants (c2 < 0.001, P ¼ 1.0). Prevalence was lower in younger
children (c2 ¼ 2.415, P ¼ 0.299, Table 1). Most of the affected
children (93%; 57/61) had multiple SCI. The most prevalent locations were in the deep white matter of the frontal lobes (80%; 49 of
61), parietal lobes (26%; 16 of 61), occipital lobes (8%; ﬁve of 61),
basal ganglia (7%; four of 61), and cerebellum (5%; three of 61). SCI
in the temporal lobe and thalamus was each seen in one patient.
There was no relationship between presence of SCI and clinical
measures: history of fever (SCI: six of 61, no SCI: six of 163;
c2 ¼ 3.317, P ¼ 0.07), chest crisis (SCI: zero of 61, no SCI: two of 163;
Fisher’s exact test, P ¼ 0.5), or painful crisis (SCI: 38 of 61, no SCI:
103 of 163; c2 ¼ 0.015, P ¼ 0.9).

Data availability
Anonymized data will be shared at the request of qualiﬁed
investigators.

Results
Within a 22-month period, 394 neurologically asymptomatic children and adolescents with SCA (HbSS) were enrolled;
379 had TCD. MRI and MRA were undertaken in 210 of the
379 with TCD and in a further 14 who had not undergone TCD
(Fig 2).
Between those who underwent MRI (n ¼ 224) and those
who did not (n ¼ 170), there were no differences in the mean
age (MRI: 12.80 years, no MRI: 12.51 years, t ¼ 0.724,
P ¼ 0.470), sex (MRI: 113 male, 111 female, no MRI: 88 male,
82 female, c2 ¼ 0.067, P ¼ 0.795), or mean contemporaneous
hemoglobin (MRI(209): 7.54 g/dL, no MRI(168): 7.74 g/dL,
t ¼ 1.569, P ¼ 0.118).

Validation of the MRA vasculopathy scale
Kappa was 0.84 for vasculopathy grading on MRA in all 224
patients on all grades (0, 1, 2, or 3), which is excellent inter-rater
agreement.
Vasculopathy on MRA
Prevalence of cerebral vasculopathy grades 1, 2, or 3 in at least
one artery on MRA was 18% (40 of 224). Twenty-two (10%) of the
patients were graded as having turbulence (grade 1), 16 (7%) as
having stenosis (grade 2), and two (1%) as having occlusion (grade
3) as the worst grade (Table 1). None of the patients had moyamoya
(grade 4). Of those with vasculopathy, the ICA was affected in 63%
(25 of 40), the ACA in 43% (17 of 40), and the MCA in 35% (14 of 40).
Vasculopathy was not observed in the posterior cerebral artery on
MRA. Prevalence of SCI was higher in those with MRA vasculopathy
grades 2 and 3 (12 of 18; 67%) than in those with grade 1 (6/22; 27%)
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Associations between laboratory measures and MRI/MRA
Logistic regressions to predict presence of SCI and vasculopathy
are shown in Table 2. Presence of vasculopathy was associated with
SCI (odds ratio [OR] 2.68, conﬁdence interval [CI] 1.32 to 5.46,
P ¼ 0.007). Of the laboratory measures contemporaneous with MRI
and before MRI, only mean indirect bilirubin before MRI was
associated with presence of SCI (OR 1.02, CI 1.00 to 1.03, P ¼ 0.024).
Age, male sex, and non-normal TCD were not associated with either
SCI or vasculopathy.
Presence of vasculopathy was associated with the following
values for prior laboratory data: mean hemoglobin (OR 0.33, CI 0.16
to 0.69, P ¼ 0.003), mean oxygen content (OR 0.43, CI 0.25 to 0.74,
P ¼ 0.003), mean reticulocyte count (OR 1.20, CI 1.01 to 1.42,
P ¼ 0.041), and mean indirect bilirubin (OR 1.02, CI 1.01 to 1.04,
P ¼ 0.009) (Table 3).
Discussion

FIGURE 2. Study ﬂow diagram showing total number of recruited patients with no
history of stroke and those patients who underwent transcranial Doppler (TCD)
measurement and magnetic resonance imaging (MRI)/magnetic resonance angiography (MRA) investigation.

or grade 0 (normal) MRA (43 of 184; 23%; c2 ¼ 15.51, P < 0.001)
(Table 1). The majority (81%; 47 of 58) of patients with normal TCD
and SCI had normal MRA, although 19% (11 of 58) had vasculopathy
(c2 ¼ 11.993, P ¼ 0.001).
Cerebral blood ﬂow velocity
A total of 379 children underwent TCD; six had no TCD signal.
The majority of those with recordable TCD (97.3%; 363 of 373) had
ICA/MCA CBFV in the normal range. Only 10 of 373 (2.7%) had ICA/
MCA CBFV outside the normal range: two with maximum CBFV
<50 cm/s, four with slightly elevated CBFV 150 to 169 cm/s, one
with conditional CBFV 170 to 199 cm/s, and three with abnormal
CBFV >200 cm/s.
Of patients who underwent MRI, four of 210 had no TCD signal
on either side, none of whom had intracranial vasculopathy on
MRA; they were excluded from further analysis. Seven of the
remaining 206 had CBFV outside the normal range: two with
maximum CBFV <50 cm/s, three with CBFV 150 to 169 cm/s, and
two with abnormal CBFV 200 cm/s. There were no differences in
the proportion with SCI between those with normal TCD and those
with non-normal TCD (SCI: n ¼ 56 with normal TCD, n ¼ 2 with
non-normal TCD; Fisher exact test P ¼ 1.0). Patients with nonnormal TCD had a nonsigniﬁcantly higher prevalence (42.9%;
three of seven) of vasculopathy when compared with those with
normal TCD (17.6%; 35 of 199; Fisher exact test P ¼ 0.12) (Table 2).
Of the 38 children with vasculopathy on MRA, SCI occurred in 66.7%
(two of three) of those with non-normal TCD and in 42.9% (15 of 35)
of those with normal TCD (Fisher exact test P ¼ 0.58).
Laboratory variables
Contemporaneous hemoglobin data were available from full
blood counts at the time of MRI/MRA in 209 of 224 patients and
laboratory data before MRI/MRA were available for 87 of 224.

This is the largest neuroimaging study with TCD, MRI, and MRA
in neurologically asymptomatic and untreated children and adolescents with SCA residing in Africa. The prevalence of SCI in this
study was 27%, in line with previous studies in Europe and the
United States. SCI was associated with presence of vasculopathy on
MRA and prior mean indirect bilirubin, and not with age, male sex,
or contemporaneous hemoglobin, in contrast with previous studies
in Europe and the United States.28 However, prior mean hemoglobin, mean oxygen content, mean reticulocyte count, and mean
indirect bilirubin were associated with presence of vasculopathy.
MRI
In our study, there was no relationship between SCI and age, sex,
or clinical complications in the past year. There was an increase in
prevalence with age, from 19% in those aged nine years or younger
to 42% in those aged greater than 10 years, of likely clinical
importance, although not statistically signiﬁcant. The distribution
of SCI was similar to that of previous studies,2,4,6 with the majority
of our patients having SCI in the deep white matter of the frontal
lobe, followed by the parietal lobe, whereas the other parts of the
brain were less affected. Any relationship between previous seizures and SCI8 cannot be ascertained from this study, as we did not
include these patients.
In contrast to studies that showed lower baseline hemoglobin to
be associated with SCI,2,19,28-30 contemporaneous and previous
mean hemoglobin levels were not related to the presence of SCI in
the current study, perhaps because the range of hemoglobin in
these Tanzanian patients is lower. Results from the Co-operative
Study of Sickle Cell Disease and the Stroke With Transfusions
Changing to Hydroxyurea (SWiTCH) trial also found no consistent
clinical or hematological predictors of MRI abnormality.4,8,31
MRA
Vasculopathy on MRA has various deﬁnitions, and there are few
data on prevalence in unselected children with SCA with normal
neurology by history and examination.16 The prevalence of MRAdetected stenosis (grade 2 vasculopathy) in this study was 7%,
slightly lower than the prevalence of stenosis (10% to 15%) in previous studies of children without prior stroke3,32 and much lower
than the reported 33% to 55% prevalence of stenosis in children
with stroke and abnormal TCD.27,33 In a study using the same
deﬁnitions in children without previous stroke,18 the overall
prevalence of vasculopathy on MRA was 64%, compared with 18% in
the current study. Grades 1, 2, and 3 were seen in 13%, 23%, and 28%,
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TABLE 1
Demographics of Patients With MRI and MRA (n ¼ 224)
Patient Characteristics

No SCI (n ¼ 163)

SCI (n ¼ 61)

Statistical Test P-Value

Age (mean, S.D.)
Age group (n)
5-9 years
10-14 years
15-20 years
Sex n (%)
Male
Female
MRA group (n)
Grade 0 (normal)
Grade 1 (turbulence)
Grade 2 (stenosis) & Grade 3 (occlusion)

12.7 (3.8)

13.0 (3.7)

t ¼ 0.521 (P ¼ 0.603)
c2 ¼ 2.415 (P ¼ 0.299)

42
57
64

10
26
25

82
81

31
30

141
16
6

43
6
12

Х2 ¼ 0.005 (P ¼ 0.946)

c2 ¼ 15.511 (P < 0.001)

Abbreviations:
MRA ¼ Magnetic resonance angiography
MRI ¼ Magnetic resonance imaging
SCI ¼ Silent cerebral infarct

respectively, in Dlamini et al.’s study,18 compared with 10%, 7%, and
1% in the current study; moyamoya (grade 4) was not seen in
either.18
In the current study we also observed a higher (19%) prevalence
of vasculopathy in patients with normal TCD and SCI compared
with that reported in the SIT trial (1.8%).34 This difference may be
due to difference in the intracranial vasculopathy deﬁnition used;
the SIT trial included patients with stenosis greater than 50%,
whereas we included any with signal dropout.18 Further studies
should compare the utility of these vasculopathy deﬁnitions.
The terminal ICA, proximal ACA, and MCA were the most
affected by vasculopathy detected by MRA, in keeping with previously published data.35 Stenosis has previously been reported to be
rare in the posterior circulation36 and was not seen in our data. The
exact cause of vasculopathy is unclear, but it is probably mediated
by endothelial injury with adhesion of abnormal cellular elements,
which eventually results in damage of the muscularis.35
It is very important to prevent or reverse vasculopathy in
asymptomatic patients before vascular occlusion, but few studies
have examined whether previous exposures to complications are
important via the use of longitudinal laboratory data. Reticulocyte
percentage is an independent predictor of cerebrovascular disease
in children with SCD.37,38 Chronic hypoxic exposure18,20,39 may be
associated with vasculopathy as well as white matter damage. We
observed a relationship between vasculopathy on MRA and previously collected mean hemoglobin, mean oxygen content, mean
reticulocyte count, and mean indirect bilirubin, consistent with

data in a UK population.18 The association with indirect bilirubin as
well as reticulocytosis suggests that the hemolytic rate is important, although reticulocytosis may also be related to erythropoiesis
in response to chronic anemia and hypoxemia.18
Abnormal CBFV (200 cm/s) appears to be much less common
in this study and other East African cohorts15,23 than the 10% reported in studies from the United States, where the majority of
people with SCD are of West African origin. Differences in mechanisms of vascular injury in patients with SCD residing in East Africa
compared with those residing in Europe or the United States may
be due to differences in genetics (e.g., haplotypes), burden of
infection, environmental exposures including nutrition, and access
to quality health care. The small proportion of patient with CBFV
200 cm/s could also be related to a more rapid progression of
arteriopathy in East African patients.15
In this study of asymptomatic children with SCD, those with
non-normal TCD were not signiﬁcantly more likely to have intracranial vasculopathy on MRA, whereas in children with stroke,
Helton et al.31 found higher rates of and more severe intracranial
stenosis on MRA if TCD showed low or uninterpretable MCA velocities. Those with non-normal TCD with normal intracranial MRA
might have extracranial vasculopathy; future studies should
include MRA of the carotid and vertebral arteries in the neck.40
Although this was not statistically signiﬁcantly different from
those with normal TCD and vasculopathy, two of the three children
with non-normal TCD and vasculopathy on MRA had SCI in the
current study, in accordance with previous studies.3,18

TABLE 2
Comparison Between CBFV on TCD and SCI on MRI and Vasculopathy on MRA
TCD

SCI n ¼ 148

SCIþ n ¼ 58

Fisher’s Exact Test

No Vasculopathy
n ¼ 168

Vasculopathy
Grades 1, 2, or
3 n ¼ 38

Fisher’s
Exact Test

Normal CBFV
Non-normal CBFV

143
5

56
2

(P ¼ 1.0)

164
4

35
3

(P ¼ 0.12)

Abbreviations:
CBFV ¼ Cerebral blood ﬂow velocity
MRA ¼ Magnetic resonance angiography
MRI ¼ Magnetic resonance imaging
SCI ¼ Silent cerebral infarct
TCD ¼ Transcranial Doppler
SCI ¼ No Silent cerebral infarction
SCIþ ¼ Presence of SCI.
Normal CBFV: (50 to 149 cm/s).
Non-normal CBFV: low (<50 cm/s), slightly elevated (150<170 cm/s), conditional (170<200 cm/s), and abnormal (200 cm/s).
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TABLE 3
Univariate Logistic Regression Results Showing Variables Associated With Presence of SCI and Vasculopathy
Variable

Age
Sex (male)
Non-normal TCD
Abnormal MRA
Hemoglobin at time of MRI (g/L)
Hemoglobin before MRI (g/L)
Reticulocytes before MRI (x109/L)
Indirect bilirubin before MRI (mmol/L)
Oxygen content before MRI

N

224
224
206
224
209
87
83
77
87

Silent Cerebral Infarction

Vasculopathy

OR (95% CI)

P

OR (95% CI)

P

1.02
1.02
1.02
2.68
0.95
0.86
1.05
1.02
0.90

0.660
0.946
0.980
0.007
0.716
0.542
0.539
0.024
0.564

1.03 (0.94e1.13)
0.68 (0.34e1.35)
3.52 (0.75e16.41)

0.544
0.269
0.110

0.87
0.33
1.20
1.02
0.43

0.391
0.003
0.041
0.009
0.003

(0.94e1.10)
(0.57e1.8 4)
(0.19e5.42)
(1.32e5.46)
(0.73e1.24)
(0.53e1.40)
(0.91e1.20)
(1.00e1.03)
(0.63e1.29)

(0.64e1.19)
(0.16e0.69)
(1.01e1.42)
(1.01e1.04)
(0.25e0.74)

Abbreviations:
CI ¼ Conﬁdence interval
MRA ¼ Magnetic resonance angiography
MRI ¼ Magnetic resonance imaging
OR ¼ Odds ratio
SCI ¼ Silent cerebral infarct
TCD ¼ Transcranial Doppler
P < 0.05 was considered statistically signiﬁcant and are indicated in bold.

Study limitations
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TCD is operator dependent, and it is possible that the relatively
few patients with conditional or abnormal TCD means that short
segments of intracranial vascular narrowing with high velocity may
have been missed. The alternative strategy for the diagnosis of
vasculopathy is the addition of MRA when MRI screening for SCI is
undertaken. For MRA a comparison with a gold standard would be
ideal. However, it is difﬁcult to justify the use of invasive digital
subtraction angiography for stroke risk assessment as there is an
intraprocedure risk of stroke and the radiation dose for computed
tomographic angiography is too high to justify use for screening in
children with SCA. Grades 1, 2, and 3 MRA appears to be associated
with differences in quantitative brain tissue MRI compared with
grade 0, but follow-up of those with MRA to determine sensitivity
and speciﬁcity for future stroke risk in comparison with TCD in
asymptomatic children with SCD will be important to determine
whether it is a cost-effective stroke screening tool. Prevalence of SCI
might have been higher if we had used a scanner with higher ﬁeld
strength (3T)6 and new pulse sequences, which allow for improved
discrimination of lesions in children whose earlier studies were
initially read as normal. We did not compare the lateralization of
the vasculopathy and the locations of SCI, which should be
considered in future studies.
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