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Background: Irregular, sporadic episodes of ischemic
brain injury are known to occur in sickle cell anemia
(SCA), resulting in overt stroke and silent cerebral in-
farction. Ongoing ischemia in other organs is common
in SCA but has never been documented in the brain.

Objective: To test the hypothesis that acute silent ce-
rebral ischemic events (ASCIEs) are frequent and poten-
tially transient.

Design: Cross-sectional and cohort study of children with
SCA screened by magnetic resonance imaging (MRI) of
the brain for a randomized clinical trial.

Setting: Clinical trial setting in tertiary care centers.

Patients: Asymptomatic children with SCA without
known stroke, neurologic injury, or epilepsy not receiv-
ing treatment with transfusions or hydroxyurea.

Main Outcome Measure: Incidence of ASCIEs cal-
culated using single diffusion-weighted MRI scans (acute
ischemic events that occurred within 10 days of the MRI).

Results: Acute silent cerebral ischemic events were de-
tected on 1.3% of MRIs (10 of 771) in 652 children (mean
age, 10.0 years), with an incidence of 47.3 events per 100
patient-years (95% CI, 22.7-87.2). Two of 10 children
with ASCIEs had follow-up MRIs of the brain; only 1 had
silent cerebral infarction in the same location as the pre-
viously detected ASCIE.

Conclusions: Children with SCA experience ongoing
(chronic, intermittent) cerebral ischemia, sometimes re-
versible, far more frequently than previously recognized.
The brain in SCA is at constant threat of ischemia.

JAMA Neurol. 2013;70(1):58-65. Published online October
29, 2012. doi:10.1001/jamaneurol.2013.576

S ICKLE CELL ANEMIA (SCA) IS

a chronic, debilitating dis-
ease characterized by recur-
ring episodes of ischemia-
reperfusion injury and is the

most common cause of overt stroke in chil-
dren. Primary prevention of strokes, using
transcranial Doppler ultrasonography
screening to direct the initiation of chronic
transfusion therapy, has greatly de-
creased the frequency of overt stroke,1,2 but
silent cerebral infarction (SCI) still oc-
curs, often despite transfusion, and is more
common than overt stroke.1-3 By defini-
tion, SCI produces no motor or sensory
deficits, but it is associated with neuro-
cognitive impairment, poor school per-
formance, neurologic soft signs, and in-
creased risk for subsequent overt stroke.4-7

The results of critical cerebral ische-
mia—stroke and SCI—can readily be de-
tected and quantified by MRI of the brain.
However, the combined frequency of these
discrete, permanent brain lesions might

underestimate the frequency of all pos-
sible ischemic insults to the brain in SCA.
Some ischemic events could be transient,
reversible, and leave no permanent tissue
damage or produce a lesion that is smaller
than the limits of detection by magnetic
resonance imaging (MRI). Frequent, re-
current, and potentially reversible ische-
mia occurs in many organ systems in SCA,
and we postulated that the brain was not
an exception. Evidence to support this pos-
tulate was provided by 2 recent reports
of acute silent cerebral ischemic events
(ASCIEs) that were detected during the is-
chemic phase by diffusion-weighted MRI
in children who were acutely ill with ex-
acerbation of chronic anemia.1,8 Some
ASCIEs were not associated with detect-
able lesions on follow-up imaging.8

We postulated that ASCIEs would oc-
cur more frequently than SCI, and that
ASCIEs could be detected in the asymp-
tomatic baseline state, consistent with the
contention that the brain is at continual
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risk for ischemia. The incidence of SCI has only been re-
ported from the Cooperative Study of Sickle Cell Dis-
ease. The incidence (the number of new SCI events in a
designated period) of first and progressive SCI was 1.01
per 100 patient-years (95% CI, 0.4-2.7) and 7.06 per 100
patient-years (95% CI, 4.2-11.8), respectively.9 The in-
cidence rate of ASCIEs is unknown, and whether all
ASCIEs evolve into SCI lesions that are detectable on MRI
performed beyond the acute or subacute phase of injury
is also unknown.

To explore the hypothesis that ASCIEs were fre-
quent (and potentially transient), we measured and com-
pared the incidence of ASCIEs and progressive SCI in the
group of children screened for SCI in the Silent Cere-
bral Infarct Transfusion (SIT) Trial. We also investi-
gated the clinical circumstances antecedent to ASCIEs
to help understand their causes.

METHODS

PARTICIPANTS AND SITES

The primary aim of the SIT Trial (clinicaltrials.gov Identifier:
NCT00072761) is to determine whether chronic red blood cell
transfusions prevent new or enlarging SCI. The trial design has
been reported elsewhere.10,11 Briefly, individuals with sickle cell
anemia (SCA; homozygous SCA) or sickle-�0-thalassemia (both
genotypes herein referred to as SCA) between 5 and 14 years of
age without a history of overt cerebral infarction were enrolled
beginning in 2004. Subjects were screened for SCI by MRI of the
brain and neurologic examination. Those who had SCI were eli-
gible to be randomly allocated to observation or chronic trans-
fusions for 3 years. A second MRI was obtained within 6
months of the screening MRI and immediately before random-
ization. The presence of new or enlarging SCI lesions was a
disqualification for randomization. Study sites comprised ter-
tiary care centers specializing in the treatment of children with
SCA in the United States, England, and France. Participants
were recruited for participation at the site of their medical care.
Informed consent and assent were obtained in accordance with
the requirements and guidelines of the human subjects com-
mittees at the participating sites.

DEFINITIONS AND CALCULATIONS

The definition of SCI has 2 components: (1) an infarct-like le-
sion on MRI and (2) a normal neurologic examination or an
abnormality on neurologic examination that cannot be ex-
plained by the location of the infarct-like lesion.10,11 An infarct-
like lesion was defined as an MRI signal abnormality (in-
creased signal), at least 3 mm in 1 dimension, that was visible
on at least 2 views of T2–fluid-attenuated inversion recovery
images of the brain. The presence of infarct-like lesions was
adjudicated by 3 study neuroradiologists. The infarct-like le-
sion was independently determined to be clinically silent by
the neurology committee, based on a review of each patient’s
standardized neurologic examination performed at the clini-
cal site by a pediatric neurologist. Similarly, we defined an ASCIE
to be an area of restricted diffusion on diffusion-weighted
imaging (DWI) sequences with a corresponding decrease in sig-
nal intensity on the apparent diffusivity coefficient map in the
absence of focal neurologic findings that could be explained
by the location of the DWI-positive lesion.

The incidence of ASCIEs was calculated on the subset of SIT
Trial participants who had screening or prerandomization MRIs

that included optional DWI sequences. Individual study sites
made a practical, not patient-specific, decision whether to per-
form DWI sequences for all site participants. All DWI se-
quences were reviewed for quality; nondiagnostic scans were
excluded. Because DWI signal abnormalities occur within 24
hours of the onset of cerebral ischemia and persist for approxi-
mately 10 days,12-14 all DWI-positive lesions were considered
new (incident) and each MRI was considered to provide 10 pa-
tient-days of observation. As a secondary analysis, we also con-
sidered the effects of using 7 or 14 patient-days of observation
for each MRI scan with DWI sequences.

The incidence of progressive SCI was calculated in the sub-
set of SIT Trial participants who were adjudicated to have SCI
on a screening MRI at study entry and also had a second, pre-
randomization MRI as required by the study protocol. Progres-
sive (incident) SCI was defined as new or enlarging (increased
in size) SCI that did not show evidence of acute ischemia on
DWI on the prerandomization MRI compared with the screen-
ing MRI. The interval between the screening and prerandom-
ization MRI was the period for the calculation of the incidence
rate. No case of ASCIE was also designated as progressive SCI.

The clinical management of cases of ASCIEs, including the
plan for follow-up imaging, was not specified in the study pro-
tocol and left to the discretion of the site clinical team because
these incidental events were not within the scope of the study.
Therefore, we used a formal medical record review tool to as-
certain the clinical circumstances surrounding each case of
ASCIEs. Based on a prior study,15 the elements of this retro-
spective tool included documentation of fever, acute chest
syndrome, acute anemia, or transfusion therapy in the 2
weeks preceding the DWI-positive MRI. The tool also re-
corded the highest documented blood pressure in the 3 days
preceding the MRI because acute stroke can be associated
with an abrupt change in blood pressure. The site neurologist
examined each case and recorded the presence or absence of
aphasia, visual field deficits, motor or coordination deficits,
sensory deficits, or other neurologic findings. We also ob-
tained any available, clinically indicated follow-up MRI scans
for patients with ASCIEs.

We generated summary statistics for variables of interest
and calculated 95% confidence intervals for incidence rates.
All incidence rates were expressed as the number of events
per 100 patient-years of observation. This was a secondary
analysis of SIT Trial data. We did not perform sample size
calculations for this analysis because the SIT Trial was
designed for a different primary aim, and we simply used all
available data for this analysis. We considered ��0.05 to be
statistically significant and did not correct for multiple com-
parisons. Data were analyzed using PASW Statistics version
18 for Mac (SPSS Inc) and MedCalc for Windows version
11.3.3.0 (MedCalc Software).

RESULTS

PATIENTS AND SCANS

In total, we studied 966 MRIs from 732 children with a
mean (SD) age of 9.5 (2.4) years, who were 51% male
and 93% with homozygous SCA (Figure 1). The inci-
dence of ASCIEs was determined using 771 MRIs from
652 children. The incidence of SCI was determined in
220 children with a mean interval between scans of 124
days (range, 14-645 days), providing a total of 74.9 pa-
tient-years of observation. The clinical characteristics of
participants are shown in Table 1.
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INCIDENCE OF ASCIEs

Eleven patients had evidence of acute ischemia (DWI-
positive lesions) during scheduled, study-related MRIs
not obtained for clinical indications. One patient was
ascertained to have a clinically overt stroke and was
excluded from this analysis. The remaining 10 events
were ASCIEs (8 on screening MRIs and 2 on preran-
domization MRIs). The 771 MRIs with DWI sequences
provided 21.1 patient-years of observation. The esti-
mated incidence of ASCIEs was 47.3 events per 100
patient-years (95% CI, 22.7-87.2), based on all MRIs
with DWI sequences (Table 2). The incidence of
ASCIEs was not different between the screening and
prerandomization MRI groups if considered separately
(P = .82; Table 2). Finally, if we assume that each scan
with DWI sequences provided 7 or 14 patient-days of
observation (instead of 10), then the estimated inci-
dence of ASCIEs would be 67.6 events per 100
patient-years (95% CI, 32.4-124.3) or 33.8 events per
100 patient-years (95% CI, 16.2-62.1) of observation,
respectively.

INCIDENCE OF PROGRESSIVE SCI

Incident (new or enlarged) SCI occurred in 8 partici-
pants on the prerandomization MRI. Incident SCI was a
new lesion in 5 patients, an enlarged lesion in 2, and
both new and enlarged lesions in 1. The incidence of
new or enlarging SCI was 10.7 events per 100 patient-
years (95% CI, 4.6-21.0) (Table 2). The incidence of
ASCIEs was statistically significantly higher than the in-
cidence of progressive SCI (P = .001; Table 2).

MEDICAL EVENTS RELATED TO ASCIEs

Table3 lists the known antecedent and concurrent medi-
cal events in the preceding 2 weeks collected using the
medical history tool for each case of ASCIEs, which were
all incidentally discovered. Nine of 10 cases of ASCIEs
had no apparent medical illnesses in the 2 weeks before
MRI. The remaining case occurred in a participant re-
covering from a recent episode of acute chest syndrome
(onset 5 days before MRI) complicated by severe ane-
mia and hypertension and treated with a simple trans-
fusion. Cerebral ischemia or stroke was not suspected
clinically in this case, and the study-related MRI was ob-
tained on the day of discharge from the hospital. Two
cases reported occasional headaches that were not clearly
associated with the ASCIEs. Standard neurologic exami-
nation was normal for all cases, indicating that the acute
cerebral ischemia was clinically covert or silent.

FOLLOW-UP IMAGING

At the discretion of the site investigators, 2 of the 10 par-
ticipants with ASCIEs had follow-up MRIs of the brain.

A

Paired MRIs

MRIs = 440 (220/220)
Patients = 220

SCI incidence
Nondiagnostic DWI

MRIs = 73 (54/19)
Patients = 56

Total

MRIs = 966 (738/228)
Patients = 732

MRIs with DWI

MRIs = 771 (596/175)
Patients = 652

ASCIE incidence

MRIs with DWI

MRIs = 844 (650/194)
Patients = 706

B

155

Paired
MRIs

285 486

MRIs
with DWI

Figure 1. Diagrams of magnetic resonance images (MRIs) and patients.
A, Diagram shows how the final 2 MRI groups, the acute silent cerebral
ischemic events (ASCIEs) incidence population and the silent cerebral
infarction (SCI) incidence population (filled gray rectangles), were assembled
to calculate the incidence rates. The 440 paired MRIs (220 patients) are the
subjects who agreed to further screening after the initial MRI and possible
randomization (not the entire screening population). A few patients may have
had more than 1 screening or prerandomization MRI to qualify. The numbers
in each box indicate the total number of MRIs considered and how many
were screening or prerandomization MRIs (total [screening/prerandomiza-
tion]). B, Diagram shows the degree of overlap between these 2 MRI groups,
the ASCIE incidence population and the SCI incidence population, because
some patients’ MRIs were used for both determinations. The number of
MRIs is shown in the Venn diagram (some patients had more than 1 MRI).
DWI indicates diffusion-weighted imaging.

Table 1. Clinical Characteristics of the Study Populations

Characteristic
ASCIE Incidence

Population
SCI Incidence

Population

Age, mean (SD), y 10.0 (2.5) 9.5 (2.4)
Sex, %

Male 51 53
Female 49 47

Genotype: HbSS
(HbS�0), %

92 (8) 94 (6)

Hemoglobin, mean
(SD), g/dLa

8.1 (1.1) 8.1 (1.1)

Pain events count,
median (IQR)b

1 (0-3) 1 (0-3)

ACS events count,
median (IQR)c

0 (0-1) 0 (0-1)

SCI present, % 44.3 100
TCD, %

Normal 84 89
Conditional 13 11
Abnormal 4 0

Abbreviations: ACS, acute chest syndrome; ASCIE, acute silent cerebral
ischemic event; HbSS, homozygous sickle cell anemia; HbS�0,
sickle-�0-thalassemia; IQR, interquartile range; SCI, silent cerebral infarction;
TCD, transcranial Doppler ultrasonography.

aWell or steady state hemoglobin concentration. To convert hemoglobin to
grams per liter, multiply by 10.0.

bHospitalizations for pain events in the preceding 3 years.
cHospitalizations for ACS in the preceding 3 years.
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Case 6 had a follow-up MRI 4 months after the ASCIE
that showed SCI in the same location in the deep
white matter as the previously detected acute ischemia
(Figure 2). Case 7 had a follow-up MRI 10 months later
that showed no residual lesion in the same location in
the basal ganglia, although the lesion had been detected
on T2–fluid-attenuated inversion recovery images at the
time of the initial DWI (Figure 3). Thus, not all ASCIEs
produce detectable SCI on follow-up imaging. During
study monitoring visits to all sites, we also attempted to
obtain follow-up MRIs for the other cases of ASCIEs, but
no additional images were available for analysis (such
MRIs were not mandated as part of the SIT Trial study
protocol).

COMMENT

In this largest prospective study to date in SCA, to our
knowledge, we have provided evidence that clinically si-
lent cerebral ischemia can be detected acutely, and that
ASCIEs occur in asymptomatic children without con-
current or antecedent illness. Only 1 case of an ASCIE
was documented in association with an acute illness (fol-
lowing acute chest syndrome). Moreover, ASCIEs ap-

pear to be 4 times more frequent than progressive SCI.
Along with limited follow-up imaging data, this sug-
gests, but does not confirm, that a fraction of ASCIEs may
be transient lesions. We provide evidence that some
ASCIEs are either radiographically reversible, as has been
reported in transient ischemic attacks in the general popu-
lation,16 or produce permanent infarction that is smaller
than the limits of detection by MRI of the brain.

Two previous single-center studies provided the proof
of principle that acute ischemic lesions occur in chil-
dren with SCA who have nonfocal neurologic examina-
tions. Dowling et al8 published a case series of children
with SCA who had clinically silent acute cerebral ische-
mia detected by MRI with DWI sequences. These events
were termed acute SCI because 4 of 7 cases had SCI on
follow-up MRI that corresponded to the location of the
previously detected DWI signal abnormality. Enninful-
Eghan et al1 also reported 5 cases of acute SCI in chil-
dren with SCA. In both studies, acute SCI was found
mainly in the context of acute anemic or febrile ill-
nesses. We prefer the designation ASCIE to acute SCI be-
cause it appears, based on our data and that of Dowling
et al,8 that not all ASCIEs progress to radiographically
detectable, permanent infarction that would later be clas-

Table 2. Incidence Rates of SCI and ASCIE

Event MRI Type Patients, No.

Observation
Time,

Patient-Years
Incident

Events, No.
Incidence, Events/100

Patient-Years P Valuea

SCI Screening and
prerandomization

220 74.9 8 10.7

ASCIE Screening and
prerandomizationb

652 21.1 10 47.3 �.001

Screening 594 16.3 8 49.0 �.001
Prerandomization 170 4.8 2 41.7 .06

Abbreviations: ASCIE, acute silent cerebral ischemic event; MRI, magnetic resonance imaging; SCI, silent cerebral infarction.
aP value for comparison of incidence rates of ASCIE to SCI.
bPatients may have had screening MRIs only or both screening and prerandomization MRIs, so the total number of patients (screening and prerandomization)

is smaller than the sum of the screening and prerandomization groups.

Table 3. Medical Events Associated With ASCIE

Case No./
Sex/Age, y MRI Type Highest BP, mm Hg ACSa Acute Anemiaa Transfusiona Fevera

Standard
Neurologic

Examination Comments

1/F/6.6 Screening 115/61 − − − − Normal
2/F/10 Screening 104/77 − − − − Normal
3/M/7.9 Screening 94/53 − − − − Normal
4/F/6.4 Screening NA − − − − Normal
5/F/7.9 Screening 144/77 � � � � Normal Hospitalized for

ACS
6/F/6.3 Screening 105/57 − − − − Normal
7/M/11.7 Screening 116/61 − − − − Normal Headache in

preceding week
8/M/10.8 Screening 96/58 − − − − Normal
9/M/10.2 Prerandomization NA − − − − Normal
10/F/12 Prerandomization NA − − − − Normal Occasional

headaches

Abbreviations: ACS, acute chest syndrome; ASCIE, acute silent cerebral ischemic event; BP, blood pressure (highest recorded in 3 days preceding MRI);
F, female; M, male; MRI, magnetic resonance imaging; NA, not available.

a� indicates present or performed; −, not present or not performed.
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sified as SCI. To our knowledge, we are the first to cal-
culate the incidence of ASCIEs. Moreover, we show that

ASCIEs occur in asymptomatic children without ante-
cedent or concurrent acute medical illnesses.

A B

C D

Figure 2. Progression of an acute silent cerebral ischemic event to silent cerebral infarction. Initial screening magnetic resonance imaging (MRI) (A-C). A, A focus of
restricted diffusion on diffusion-weighted imaging, with a corresponding region of decreased signal on the apparent diffusivity coefficient maps shown in panel B.
These findings indicate that the cerebral ischemia occurred within the 10 days preceding the magnetic resonance imaging (MRI). The same lesion is shown on the
T2–fluid-attenuated inversion recovery sequence in panel C. D, The lesion on a second MRI 4 months later on T2–fluid-attenuated inversion recovery sequence meets
the study definition of silent cerebral infarction. The lesion is indicated by an arrow in all panels.
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We also find that SCI is a frequently progressive le-
sion in children with SCA. The incidence of progressive
SCI, both new and enlarging lesions, is 10.7 events per
100 patient-years in a population of children with a mean
age of 9.5 years (range, 5-15 years). The incidence of pro-
gressive SCI in 229 children aged 6 to 19 years in the Co-
operative Study of Sickle Cell Disease was 7.1 per 100
patient-years (95% CI, 4.2 -11.8).9 Our similar findings
(10.7 per 100 patient-years; 95% CI, 4.6-21.0, vs 7.1 per
100 patient-years; 95% CI, 4.2-11.8; P = .35) provide
strong evidence that the true incidence of progressive SCI
is near these estimates. To our knowledge, there are no
other reports of the incidence of SCI in SCA for com-
parison.

In summary, we found evidence to support our hy-
pothesis that ongoing (chronic, intermittent) ischemia
occurs in the brain, just as it occurs in other organ sys-
tems in SCA. The clinical implications of our findings
are that children who have SCA with no history of overt

stroke experience spontaneous cerebral ischemic events
far more frequently than previously recognized, and that
most of this cerebral ischemia is clinically silent. We
postulate that small foci of acute cerebral ischemia
(ASCIEs), potentially leading to infarction of brain tis-
sue, may occur repeatedly in asymptomatic children with
SCA, but the affected tissue is potentially salvageable. As
such, the ASCIE may represent a lesion analogous to the
concept of the ischemic penumbra in other forms of acute
ischemic stroke,17,18 except that the entire ASCIE lesion
can be considered the penumbra. Like other ischemic pro-
cesses, reperfusion of ASCIE lesions may bring oxida-
tive and inflammatory injury.19 We propose that ASCIEs
are a paradigm of ischemia-reperfusion injury, occur-
ring in the brain just as it is thought to occur in other
tissues and organs in SCA.20-22 Additionally, supporting
this concept is the preliminary observation that the plasma
concentration of glial fibrillary acidic protein, a known
plasma biomarker of acute stroke and brain trauma, is

A B C

D E F

Figure 3. Radiographic resolution of an acute silent cerebral ischemic event. Initial screening magnetic resonance images (A-D). A, A focus of restricted diffusion
on diffusion-weighted imaging, with a corresponding region of decreased signal on the apparent diffusivity coefficient maps shown in panel B. These findings
indicate that the cerebral ischemia occurred within the 10 days preceding the magnetic resonance image. The same lesion is shown on the T2–fluid-attenuated
inversion recovery sequences in the axial (C) and coronal (D) planes. The lack of any detectable lesion on a second magnetic resonance image 10 months later on
T2–fluid-attenuated inversion recovery sequences in either the axial or coronal planes is shown (E and F). The region of interest is indicated by an arrow in all
panels.
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increased in patients with SCA compared with individu-
als without SCA.23 The optimal management of patients
with ASCIEs has not been established. Children with SCA
and ASCIEs will need to be studied systematically to de-
termine what treatment, if any, is warranted.

This study has several limitations. First, we did not
study a random sample of children with SCA. The preva-
lence of SCI in the ASCIE incidence population was more
than 40% compared with 20% to 37% in prior studies of
SCI.2,9,24,25 Therefore, we may have studied a population
enriched with children at risk for SCI and ASCIEs; how-
ever, our estimate of prevalence approximates that of Ber-
naudin et al (37% by 14 years of age).2 Nevertheless, this
was a generally healthy population of children with SCA,
without known stroke, neurologic injury, or epilepsy, and
not receiving treatment with transfusion or hydroxy-
urea for severe SCA. Also, our estimate of the incidence
of progressive SCI agrees with Pegelow et al.9 There are
no reports of the incidence of ASCIEs for comparison,
but the ratio of ASCIEs to SCI indicates that ASCIEs oc-
cur more frequently (4-fold) than SCI. Second, because
of the SIT Trial design, we did not have follow-up MRIs
on most cases of ASCIEs, thus we cannot confirm how
many cases of ASCIEs progressed to SCI. Nevertheless,
the disparate incidence rates (ASCIEs much higher than
SCI), our limited follow-up imaging data, and the fol-
low-up imaging data from Dowling et al8 together sug-
gest that ASCIEs occur more frequently than SCI. Third,
antecedent and concurrent medical events associated with
ASCIEs were captured using a retrospective tool, thus mis-
classification of silent status was possible. Nevertheless,
all ASCIEs were discovered incidentally and only 1 case
had new issues prompting medical attention. Fourth, be-
cause DWI and apparent diffusivity coefficient signal ab-
normalities can persist for 7 to 14 days after the onset of
acute cerebral ischemia, choosing different time inter-
vals will affect the calculated incidence rate of ASCIEs.
For example, if we consider that diffusion-weighted scans
provide only 7 patient-days of observation, the calcu-
lated incidence of ASCIEs would be approximately 7 times
higher than SCI. We chose to be conservative in this analy-
sis by using 10 days, which available evidence suggests
is the reasonable upper limit.12-14 Fifth, we calculated the
incidence of ASCIEs using a novel method that uses the
temporal information contained within the DWI signal
of a single MRI, rather than the classic method of using
paired MRIs. Each DWI scan provides 10 continuous days
of observation for acute ischemia; thus, it is a valid method
for construction of an incidence. Finally, the different MRI
methods used to calculate the incidence of ASCIEs and
SCI may have different sensitivities for the lesion in ques-
tion, thus this might limit precise comparisons of rates.

We conclude that asymptomatic children with SCA
experience cerebral ischemia far more frequently than pre-
viously recognized. By considering only discrete, easily
visualized, and permanent brain lesions (stroke and SCI),
one underestimates the true frequency of all ischemic in-
sults to the brain in SCA. We propose that the brain in
SCA is at constant threat of ischemic injury. Further re-
search is needed to better understand the causes, con-
sequences, and treatment options of ASCIEs in SCA.
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