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Longitudinal changes in brain magnetic resonance imaging findings
in children with sickle cell disease
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Children with sickle cell anemia (HbSS)
are at high risk for neurologically overt
cerebral infarcts associated with stroke
and neurologically silent cerebral infarcts
correlated with neuropsychometric defi-
cit. We used complete magnetic reso-
nance imaging (MRI) histories from 266
HbSS children, aged 6 through 19 years,
who were enrolled in the Cooperative
Study of Sickle Cell Disease (CSSCD) to
examine silent infarct prevalence, localiza-
tion, recurrence, and progression. We
report a baseline prevalence of 21.8%,
marginally higher than previously re-
ported due to improved imaging technolo-
gies. Although we observed no overall

sex difference in prevalence, most le-
sions in girls occurred before age 6,
whereas boys remained at risk until age
10. Silent infarcts were significantly
smaller and less likely to be found in the
frontal or parietal cortex than were in-
farcts associated with stroke. Children
with silent infarct had an increased inci-
dence of new stroke (1.03/100 patient-
years) and new or more extensive silent
infarct (7.06/100 patient-years) relative to
stroke incidence among all children in
our cohort (0.54/100 patient-years). Both
events were substantially less frequent
than the risk of stroke recurrence among
children not provided chronic transfu-

sion therapy. Although chronic transfu-
sion is known to decrease occurrence of
new silent infarcts and strokes in children
with elevated cerebral arterial blood flow
velocity, further study is required to deter-
mine its risk-benefit ratio in children with
silent infarct and normal velocities. Until
safe and effective preventive strategies
against infarct recurrence are discov-
ered, MRI studies are best reserved for
children with neurologic symptoms, neu-
ropsychometric deficits, or elevated cere-
bral artery velocities. (Blood. 2002;99:
3014-3018)
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Introduction

Cerebral infarction is a frequent complication of sickle cell diseasaddition, we report the imaging findings for those HbSS children
For children with sickle cell anemia (HbSS) under age 20 years, thdo had repeat MRIs done at 2-year intervals over a 10-year
prevalence of stroke is 11%n addition, children with HbSS have period. These data allow analysis of the risk of developing initial
been shown to have “silent infarcts,” abnormal magnetic resonargitent infarcts in children with previously normal MRI results and
imaging (MRI) without neurologic defick3 Preliminary analysis the risk of developing new or more extensive lesions in children
indicated that the prevalence of such lesions between the ages 8f@viously identified with silent infarcts.
and 16 years was 17%.

The relationship between silent infarcts and stroke is uncertain.
In fact, the designation of silent infarcts as silent has beqpatients, materials, and methods
questioned because those affected have minor, but measurable,
neuropsychologic abnormalitiés. Because children with HbSS Patient population
who have had one stroke are known to be at high risk fafhe cSSCD study design has been reported previdgdtyErom 1978
subsequent events? there has been concern that children withhrough 1988, infants with HbSS, HbSC, HBS; and HbSB® were
silent lesions also may be at increased risk for recurrén8bould enrolled in phase I. Consent and assent were obtained in accordance with
that be the case, subsequent lesions might occur in a location andh§erequirements and guidelines of the human subjects committees at

of sufficient size to cause neurologic deficits, fulfilling the usua{:|articipating clinical centers. Children were followed prospectively and
definition for stroke monitored for clinical events and certain laboratory parameters during

. hase I. Brain MRI began in phase Il of the study for all children older than
We report data that extend our understanding of the prevalerﬁc%ars_ Phase Ill continued those observations on the pediatric cohort at

of silent infarct in _Ch”dren with sipkle cell dis.ease using the year intervals for a total of 10 years. The study was completed in 1998.
complete Cooperative Study of Sickle Cell Disease (CSSCD) The 415 children had at least one acceptable, study-mandated MRI.
newborn cohort and newer technologies where available. @nly scheduled, study-mandated MRI studies were included in our
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analyses. MRI studies performed in response to acute clinical events wérele 2. MRI classification of baseline studies by hemoglobin phenotype
excluded to avoid bias toward reporting those events. Fewer than 2% of Hemoglobin phenotype
scheduled MRI studies were considered unacceptable, virtually all due to

X X Group HbSS HbSC HbS-B+ HbS-po Total
motion defects. The number of acceptable, scheduled MRI studies sepa

rated by children’s hemoglobin phenotypes are shown in Table 1. There w¥g§mal 190 113 17 7 327
no difference in the sex distribution of children at the baseline or at arfjentinfarct 58 7 3 2 70
subsequent examination (Table 1). Because many children were older tREgr stroke 18 0 0 0 18
6 when this study began, the mean age for the first MRI study and durifgf 266 120 20 9 415

follow-up MRI studies was 8.3 years and 12.1 years, respectively (Table 1).
Follow-up examinations were obtained at approximately 2-year intervals

(Table 1). odds of developing new or more extensive silent infarcts was estimated
with respect to the child’s prior MRI status using generalized estimating
Neurologic events equations and controlling for sex and age at baseline. Stroke incidence rates

were estimated by parametric survival analysis assuming constant hazard.
As in a previous report from the CSSCBfroke was defined as an acutegxcept where otherwise noted, MRI and stroke history status of children
neurologic syndrome secondary to occlusion of an artery or hemorrhaggs treated as time dependent, updating each child’s status at the time of the
with resultant ischemia and neurologic symptoms and signs that lastgdt observed silent lesion or stroke.
longer than 24 hours; for this report transient ischemic attack (TIA) was not
considered to be a stroke.

Brain MRI images Results

The original brain MRI films were sent to the Data Coordinating Center fdncluding all hemoglobin phenotypes, 88 (21.2%) of 415 children
reading by study radiologists (R.Z., J.B., F.M.), 2 of whom read each stugyudied had a lesion on their baseline MRI. Clinical strokes,
without knowledge of the children's medical history. The presenceycluding TIAs, were documented in 18 (4.3%), whereas 70
location, and size of lesions were noted. Films were submitted to the thi(rﬂG_g%) had silent infarcts. The number of children affected at
radiologist When there was disagre_zeme_nt in _the initial readings andbgSeline varied by phenotype (Table 2). Of 266 HbSS children,
Con;i?iilgstrr?: d:ILr(])?yv(\eIZf r:;l?rzéoll)?vmeg gtljgss i;ocmnical changes in M@ilent.infarcts were found !n 58 (21-8%). and strokes in 18 (6.8%) at
provided higher resolution images. Each MRI was compared to tﬁ)@sehrle, rates that are S|gn|f|c§ntly higher t'han the prevalence of
previous study allowing a retrospective determination of the accuracy $#€nt infarcts and stroke found in HbSC children, 5.8% and 0%,
earlier readings. The original interpretation of normal or abnormal wdgspectively P <.001 andP < .002). Although silent infarcts
changed if necessary to reflect the later and more accurate reading. Onlyvere noted in HbSC children and those heterozygous for both HbS
(6.2%) of 755 MRI studies with follow-up were updated (36 lesions naand B-thalassemia, there were not enough of these children for
previously recognized were identified, 11 lesions previously recognizedeaningful statistical analysis. Subsequent analyses in this paper
were dismissed as artifacts). Although not perfect, we feel that this refleg¢ifs |imited to HbSS children.

our best esti_mate of how the egrlier MRI studies would have been There was no significant difference by sex in the proportion of
interpreted using current technologies. HbSS children between 6 and 16 years of age who were found to
have lesions (odds ratie 1.02,P = .75). However, there was a
significant difference between boys and girls in the relationship
Sex and age dependence of silent infarct prevalence was estimatedpbyween lesion prevalence and age at the time of baseline MRI
logistic regression. The location of lesions was compared between childigiple 3, P = .014). Among boys, prevalence of silent infarcts
with and without a history of stroke by exact Mantel-Haenszel tests wiq creased significantly with age, perhaps with a plateau above 10
stratification based on the number of brain regions with lesions evidentgéars of age (odds ratie 1.24 for a 1-year age increment, 95% Cl,

Statistical methods

each study. The involvement of the cortex and white matter within each lohe, = . . . .
was compared between children with and without a history of stroke by t e01'1'54’P = :04). Among girls, prevalence of silent infarcts did

Fisher exact test. Distributions of lesion size were compared betwe'aﬂt change significantly W'Fh age (odds .I‘aﬁ(i')..82, 95% CI,
children with and without a history of stroke by an exact Cochran-Armitage-63-1.06,P = .13), suggesting that few girls with normal MRI
trend test. Incidence and recurrence rates of new or more extensive sifgltdies girls suffered silent infarcts between 6 and 16 years of age.
infarcts were estimated by parametric survival analysis assuming constantThere was considerable scatter in the location of lesions
hazard and accounting for interval censoring of MRI results. The relatia@bserved in baseline MRI studies (Table 4). Among children with
silent infarcts, the majority had lesions involving the frontal lobe
(81%), followed by the parietal lobe (45%), the basal ganglia or

Table 1. Summary statistics of children’s characteristics and MRI follow-up X
thalamus (16%), and the temporal lobe (9%). Very few lesions were

Baseline MRistudies _ Follow-up MRIstudies 1, ated in the occipital lobe or cerebellum. As reported previotisly,

Hemoglobin phenotype

HbSS 266 229 Table 3. Silent infarct prevalence at baseline among HbSS children by sex and

HbSC 120 103 aqe aroun P 9 y

Hbs-B+ 20 14

HbS-g° 9 7 Group 6to7y 7t08y 8to10y Olderthan 10y Total

Total 415 353 Female
Male, % 52.5 53.0 Normal (%) 71 81 76 87 79
Age (y, mean = SD) 8.33 = 1.90 12.09 + 2.57 Silent infarct (%) 29 19 24 13 21

(range, 6.0-16.2) (range, 7.2-19.8) Total (n) 31 31 25 31 118

Number of MRI studies/child 1 212 Male

(mean) (range, 1-5) Normal (%) 90 75 58 65 75
Interval between MRI studies 2.31 +0.76 Silent infarct (%) 10 25 42 35 25

(y, mean = SD) Total (n) 42 36 26 26 130
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Table 4. Locations of brain lesions at baseline for HbSS children with silent children who had clinical strokes prior to their baseline MRI
infarcts compared to those with a history of stroke demonstrated new or progressive silent lesions.
_ Silent infarct Prior stroke . The incidence of stroke also was higher among children with
Location (n=58) (h=18) Oddsralie”  jlent infarcts compared to those with normal MRI (1.03 versus
Frontal lobe 81.0% 94.4% L27 0/100 patient-years, respectively) and lower relative to those with a
Cortex 17.0 824 0.051 history of stroke (3.6/100 patient-years). All but 2 of the 21
White matter 100 100 Indet children with stroke in this study were on chronic transfusion
Parietal lobe 44.8 77.8 4.56 . . L .
Cortex 346 g5.7 0.09% regimes following thelr initial stroke, but data regarc!lng the
White matter 100 100 Indet specifics of transfusion therapy were not collected. Estimates of
Temporal lobe 86 333 134 stroke incidence rates following baseline MRI studies are limited
Cortex 20.0 50.0 0.25 by the fact that the majority of strokes (18 of 24) occurred before
White matter 80.0 83.3 0.80 initiation of MRI studies. In addition, 3 strokes occurred after the
Occipital lobe 17 11.1 1.26 children’s final scheduled MRI, 2 in those with silent infarcts and 1
Cortex 100 100 Indet in a child with a normal MRI. These were not included in our
White matter 100 50.0 Inf analyses because observation for silent infarcts ended at the time of
Basal ganglia and each child's final MRI.
thalamus 155 66.7 0.258
Capsular/corona 3.4 5.6 Inf
Cerebellum 5.2 0.0 Inf . i
Cortex 207 778 0.25 Discussion
White matter 89.7 94.4 2.18

In a previous report, the prevalence of silent infarcts in HbSS was

Many children had more than one lesion. Many lesions involved more than one 36 of 215 (17%) at a mean age of 831.8 years‘ The rate
area. For each lobe, lesions are further characterized as involving the cortex or : :

white matter. obtained by inclusion of children studied for the first time in this
Indet indicates the odds ratio is indeterminate because both odds are zero or  phase was 58 of 266 (21.8%), which was not significantly different
infinity; Inf, infinite odds ratio. o 3 _ from that previously obtained. The discrepant results were due in
*Odds ratios are listed for the odds of a lesion in the specified location among t to latt tudi bei £ d with i di .
children with silent infarcts relative to the odds of a lesion in that location among part 1o la e.r st .|es €ing p.er ormed with improve . Imaging
children with a history of stroke. technology, including changes in pulse sequences, which allowed
P <.001. higher spatial and contrast resolution and improved discrimination

P <.01.

Sindicates .05 < P< .10 of lesions, addition of new pulse sequences, and the increased

availability of high field-strength scanners. These improvements

allowed the identification of lesions in children whose earlier
children with a history of stroke were more likely than those witgtudies were initially read as normal.
silent infarcts to have lesions involving the basal ganglia or Our data demonstrate that compared to children with HbSS,
thalamus even after controlling for the greater extent of lesiofdose with HbSC have a significantly lower risk for silent infarct
associated with a history of stroke (common odds rati6.25, and stroke (Table 2). Further, they suggest that there may be a
P= 059) Cortical involvement was demonstrated in 77.8% @ex-dependent difference in the age at which silent infarcts first
children who had stroke compared to 20.7% of those with sileAgcur. The prevalence of silent infarcts was higher among older
infarcts. Cortical involvement was significantly more likely amondp0ys but not older girls (Table 3), suggesting that most silent
children with frontal or parietal lesions associated with stroke thdffarcts occurred in girls before age 6, whereas boys were still
among those with no history of strokB & .001 andP = .003 for Susceptible to sustaining first lesions up to age 10. By contrast, no
frontal and parietal lesions, respectively). sex-related differences were reported in the prevalence of stroke at

At baseline, all children with a history of stroke had lesions " g€
least 0.5 cm in diameter. Only 64% of children with silent infarct  The prevalence of silent infarct in children with 2 transcranial
had lesions this large (Table 5). Size distribution differed signifPOPpler ultrasonography (TCD) time averaged maximum mean
cantly between children with silent infarcts and those with ahisto%‘?'oc't'es more than 200 cm/s in the Stroke Prevention Trial in
of stroke P < .0001). |<;kle CeII. Disease (STOP) was 38%. Approximately 10% of all
There were 229 HbSS children who had follow-up MRIs. In thighildren with sickle cell anemia have elevated TCD veloEity.

group, 160 had normal baseline MRIs, 53 had silent infarcts, and 15refore, in an unselected population, 3.8% 38% x 10%)
had suffered neurologic abnormalities typical of stroke before thafould be expected to have both abnormalities. Conversely, in a
baseline MRIs (all of which contained evidence of cerebr&r0SS-sectional analysis, approximately 83%1(—3.8%6/21.8%)
infarcts). Children with silent infarcts at baseline were significant!§f &l children with silent infarcts would be expected to have a
more likely to demonstrate new or progressive neurologically silefPrmal TCD velocity. This hypothesis is supported by analysis of
lesions compared to those whose baseline MRIs were normal. ORf}j/dren from the S centers participating in both STOP and
4 of 160 (2.5%) children with normal baseline MRIs develope§SSCD*° Of the 78 children studied by both modalities, TCD
silent infarcts on follow-up MRI examination compared to 13 of 5¥€locities over 200 cm/s were found in 10 (12.8%) and silent
(24.5%) who had baseline silent infarct. Incidence rates of new or
more extensive silent infarcts based on children’s previous MRpie 5. Lesion size classified by children's history of stroke
studies were 1.01 (95% ClI, 0.4-2.7) and 7.06 (95% CI, 4.2-11.8)

per 100 patient-years respectively, for children with normal MRI or Group Loss than 0.5 om Oli:flr:zme Greator than 1.5 om
silent infarcts (odds ratie- 13.0; P < .001). Two of the 13

children with progressive neurologically silent lesions demory'entinfarct (%) 21 (36:2) 28 (48.9) 9(155)
strated worsening on 2 follow-up MRIs. Two of the 16 (12.5%)"°"S"oke C6) 009 3187 15(83.3)
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infarcts in 17 (21.8%). Of the 17 who had silent infarcts, 11 In summary, there exist both similarities and differences in the
(64.7%) had velocities that were normat170 cm/s). Because occurrence of silent infarcts and strokes. Both cause brain dysfunc-
TCD velocity does not decrease substantially over fimi¢,is tionf albeit of different type and degree. Although the stroke rate
likely that the pathogenesis of most silent infarcts differs from thaiffers between those who do or do not have silent lesions by age 6
large vessel abnormalities that are associated with elevated T€&ars, the increased risk (1.03/100 patient-years) does not approach
velocity and the majority of strokes. that reported following stroke which, using data provided prior to
The locations of the lesions at baseline were compared time widespread use of transfusion for prevention, can be calculated
children who had a history of stroke and those who had siletd be 25.6/100 patient-yeat8 More recent data suggest the risk for
infarct (Table 4). As in previous reports, infarctions were foundcecurrence for children receiving chronic transfusion is 4.2/100
primarily in the anterior part of the brain. The probability that gatient-years?
given lobe would contain a lesion did not differ significantly Preliminary analysis of the data from the STOP study shows
between children with silent infarcts and those with a history dghat transfusion prevents the occurrence of new strokes or silent
stroke when the analysis was controlled for the difference infarcts in those with elevated arterial blood flow velocity and
number of locations with lesions. Children with silent infarcts wersilent infarcts?? It is not clear whether similar protection would be
significantly less likely than were children with a history of strokerovided for children with silent infarct and normal TCD velocity.
to have lesions in the frontal or parietal cortédx< .01). More- In view of that uncertainty and a silent infarct recurrence risk of
over, silent lesions were significantly smaller than lesions asso@i1/100 patient-years, a rate roughly comparable to that found for
ated with strokeR < .0001, Table 5). stroke when patients are chronically transfused, provision of
With a majority of children studied on a longitudinal basischronic transfusion therapy for children with silent infarcts should
these data allowed us to estimate the frequency with which néw& approached with caution. With the significant risks associated
lesions occurred over time and the relative risk for the developmaenith transfusion therapy, additional clinical investigations should
of new or more extensive silent lesions or stroke. For children withe undertaken to compare the value of chronic transfusion relative
HbSS whose baseline studies were normal, 4 of 160 (2.5%6) standard care and to determine whether hydroxyurea might
developed new silent lesions, whereas none sustained a strpkavide protectioft before considering use of transfusion therapy
during a mean follow-up period of 4.8 years. Conversely, 13 of 38r children who have silent infarcts. The combination of the
(24.5%) of those with silent lesions at baseline developed new association of cognitive deficits with silent infarcts in addition to
more extensive silent lesions and 3 (5.7%) suffered stroke duringhee modest increased risk for stroke provide a reasonable justifica-
mean follow-up period of 5.2 years. The risk for stroke otion for the development of such trials.
development of new or more extensive silent lesions in children Until the safety and efficacy of the above-mentioned or other
with silent infarcts was significantly higher than among childreinterventions are tested to determine if new silent infarcts or strokes
with normal MRIs. Maximum size, total extent, and location otan be prevented, it is difficult to support routine MRI studies in
silent lesions did not affect the probability of children developinglbSS children who are neurologically normal. However, if normal
new or more extensive silent lesions. images are obtained in girls over age 6 or boys over age 10, these
Compelling evidence is beginning to mount indicating thadata suggest that normal results preclude the need to obtain
silent infarct lesions have important clinical consequences. Firstjbsequent routine studies.
these lesions are associated with impaired function on standardized
psychometric tests® Second, Miller et dP have recently shown
that there is a significant risk of classical strokes in the CSSQQCanW|edgments
patients with silent infarcts and no history of clinical stroke and that
a silent infarct on MRI is the strongest independent predictor &¥e wish to acknowledge the editorial advice provided by Samuel
stroke among various clinical and laboratory parameters examin€harache, MD, and Orah Platt, MD. In addition, we thank George
Finally, our data illustrate that silent infarct lesions are not static bReed, PhD, for extensive preliminary analysis of the data. A
can progress over time, occurring in multiple locations and capaldemplete list of the participating investigators appears in the

of further impairing neurologic function. Appendix at the end of this article.
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