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Cerebral Vasculopathy in Sickle Cell Anemia: Diagnostic Contribution
of Positron Emission Tomography
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Robert N. Keenan, Chi-Shing Zee, Yvonne Harold, Alan L. Hiti, Evelyn L. Teng, and Linda S. Chan

Children with sickle cell anemia (SS) have an increased risk
for cerebral vasculopathy with stroke (CVA) and cognitive
impairment. The present study examines the extent to
which adding positron emission tomography (PET) to mag-
netic resonance imaging (MRI) can improve the detection of
cerebral vasculopathy. Whereas MRI has been the prime
modality for showing anatomical lesions, PET excels at
assessing the functional metabolic state through glucose
utilization 2-deoxy-2 [*8F] fluoro-D-glucose (FDG) and micro-
vascular blood flow ([**0]H,0). Forty-nine SS children were
studied. Among them, 19 had clinically overt CVA, 20 had
life-threatening hypoxic episodes or soft neurologic signs,
and 10 were normal based on neurological history and
examination. For the entire sample of 49 subjects, 30 (61%)
had abnormal MRI findings, 36 (73%) had abnormal PET
findings, and 44 (90%) showed abnormalities on either the
MRI or the PET or both. Of the 19 subjects with overt CVA, 17
had abnormal MRI (89%), 17 had abnormal PET (89%), and 19
(100%) had either abnormal MRI or PET or both. Among the
20 subjects with soft neurologic signs, 10 (50%) had abnor-

mal MRI, 13 (65%) had abnormal PET, and 17 (85%) had
abnormal MRI and/or PET. Six (60%) of the 10 neurologically
normal subjects had abnormal PET. Among the 30 subjects
with no overt CVA, 25 (83%) demonstrated imaging abnor-
malities based on either MRI or PET or both, thus, silent
ischemia. Lower than average full-scale intelligence quotient
(FSIQ) was associated with either overt CVA or silent isch-
emic lesions. Four subjects who received chronic red blood
cell transfusion showed improved metabolic and perfusion
status on repeat PET scans. In conclusion, (1) the addition of
PET to MRI identified a much greater proportion of SS
children with neuroimaging abnormalities, particularly in
those who had no history of overt neurologic events. (2) PET
lesions are more extensive, often bihemispheric, as com-
pared with MRI abnormalities. (3) PET may be useful in
management as a tool to evaluate metabolic improvement
after therapeutic interventions, and (4) the correlation of PET
abnormalities to subsequent stroke or progressive neuro-
logic dysfunction requires further study.

© 1999 by The American Society of Hematology.

EUROVASCULOPATHY in sickle cell anemia (SS) is children, blood perfusion seemed to be decreased. PET studies
clinically manifested as cerebral infarction with paresis have detected incipient stroke and identified risk regions of the
during childhood and intracranial hemorrhage in older childrenbrain for subsequent infarction based on ipsilateral increased
and adults:” In addition to regional central nervous system cerebral oxygen extraction fraction in adults with carotid artery
(CNS) infarction with overt stroke, a subclinical diffuse cere- stenosis® The combined use of PET and MRI should better
bral microvasculopathy also occurs as best shown by regionatlentify the extent of the physiologic dysfunction in relation to
or global cerebral atrophy on computed tomography (CT)anatomic loss of neuronal tissgfe?
imaging scans. One consequence of this microvasculopathy is a We report findings on a group of 49 subjects with SS
variety of cognitive impairments, which usually becomes evaluated to assess the combined use of MRI and PET in
evident by middle school age detecting cerebral dysfunction. The study hypothesis is that
At the present time, CT and magnetic resonance imagingnetabolic imaging would provide additional information on the
(MRI) are the accepted imaging modalities used to confirm aheurophysiologic status of the patient. The ultimate aim is to
clinical diagnosis of cerebral infarction, intracranial hemor-
rhage, or neuronal damage in SS child?ér:.15-2!"MRI provides
hjgh resolution anatomical delineation, whe.reas pos.itr.on emis- From the Departments of Pediatrics, Radiology, Pathology and
sion tomography (PET) can gauge the functional activity of the| aporatory Medicine, and Neurology, the Divisions of Hematology/
cerebral tissues by using radioactive tracers to indicate glucosencology and Biostatistics, University of Southern California School of
metabolism 2-deoxy-2%F] fluoro-D-glucose (FDG) and evalu- Medicine, Los Angeles; the Department of Pediatrics, the Division of
ate microvascular blood flowfO]H,0) as demonstrated in a Hematology/Oncology, Long Beach Memorial Hospital, Long Beach;
normal PET study (Fig 1). Stenosis or occlusion of the Iargethe Ahmanson Pediatric Center, the Division of Hematology/Oncology,
intracranial vessels of the Circle of Willis, particularly the Cedars Sinai Medical Center, Los Angeles; the Department of Pediat-
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identify patients at high risk for stroke or functional neurologic gray matter or white matter involvement of the corona radiata and
deficits, thus allowing for timely therapeutic interventions. watershed regions.

Neuropsychological assessmenfs part of a comprehensive neuro-
psychological battery of tests, age-appropriate Wechsler scales were
used to assess intelligence, including the Wechsler Pre-School and

Patient population. Subjects with sickle cell anemia were recruited Primary Scales of Intelligence-Revised (WPPSI-R) for ages 3 to 5
from a SoutherrCalifornia regional consortium of pediatric hematologists years3® the Wechsler Intelligence Scales for Children-third edition
investigating stroke in SS children. Hemoglobinopathy diagnosis was baseiVISC-I1I) for ages 6 to 16 yea®,and the Wechsler Adult Intelligence
on hemoglobin electrophoresis, column chromatography, or moleculaGcale-Revised (WAIS-R) for ages 17 to 19 ye#Bindings on the full-
biologic techniques. Pediatric hematologists were the primary care physiscale intelligence quotient scores (FSIQ: normative mean, 100; standard
cians for these patients and knew them essentially from birth. Neurologigleviation, 15) are presented in this report.
examinations were performed by consulting neurologists at the participating Testing was conducted at the patient’s clinic or hospital or at the
institutions. Three groups of children were recruited. The first groupSickle Cell Disease Research Foundation by one of two advanced
(Category 1) included those who had clinical neurologic events with overtgraduate students in Clinical Psychology who were experienced in
cerebral vascular accidents (CVA). The second group (Category Il) was thosgsychological and neuropsychological assessment and additionally
subjects who had a prior hypoxic illness requiring hospitalization or showedrained by a senior neuropsychologist. Informed consent for participa-
soft neurologic signs with poorer fine motor coordination according to thetion in neuropsychological assessment was obtained for 15 of the 19
Zurick Neuromotor Examination or the Movement ABC Test Scale (modi- subjects in Category | (CVA), 16 of the 20 subjects in Category Il (soft
fied for children), similar to that compiled by Mercuri et®8lA third  signs), and 9 of the 10 subjects in Category IIl (neurologically normal).
comparison group (Category Ill) was composed of those who had no historyesting and scoring were conducted without knowledge of the partici-
of neurologic events including seizures and no soft neurologic signs. Theant's stroke status except in cases where sensorimotor damage was
following patients were excluded from this study: (1) those who had beereyident. Administration of the entire battery was typically completed in
hospitalized for head trauma, (2) those who could not stay motionless insidgne session that took approximately 3 hours, including rest breaks
the MRIimaging equipment, and (3) those who were severely brain damagegletween tests. Participants had no narcotic analgesic intake in the
after stroke and were in custodial care. Some subjects were too cognitivelyreceding 48 hours and reported no pain on the day of the assessment.
impaired for complete neuropsychologic testing. Statistical analysis. Between group differences in proportions of

Imaging methods. PET scans were performed using the Siemens g pjects with abnormal findings on the MRI, PET, or FSIQ scores were
(ECAT, Knoxville, TN) 953/whole body scanner, located in the Uni- (egted for significance by thé test. Between group differences in mean

versity of Southern California PET Imaging Science Center, with axial FSIQ scores were tested by analysis of variance with Bonferroni
FOV of 10.4 cm, plane slice thickness of 3.375 mm and in'pla”eadjustmentfor multiple paired comparisofis.

resolution of 4 mm. Image reconstruction was done using the filtered
back projection technique with calculated attenuation correction. The
radiopharmaceuticals used were FDG (maximum dose-10 mCi) for RESULTS

measuring glucose metabolism an#(f] H;0) (maximum dose 70 Subject characteristics. A total of 49 subjects, 26 males and

mCi) for measuring cerebral blood flow (CBF). Interpretation was . . . ] .
performed using multiple dimensional scan images in black and white.23 females, with SS were included in the study: 19 patients who

Figure 1 shows normal FDG and"{p] H,O) PET scans. PET scans had known CVA (Category I), 20 children who had soft
were reviewed using visual inspection by two expert neuroradiologistneurologic signs (Category II), and 10 children who had no
and results were reported without knowledge of the clinical history, clinical indication of neurologic dysfunction (Category lIl).

results of other imaging modalities, doppler studies, or the findings of Among the 19 patients in Category I, 15 had neurologic
neuropsychologic testing. The criterion for abnormalities was thedeficits with hemiparesis and/or spasticity, two had brainstem
decrease of neuronal function (glucose utilization) or blood perfusion instrokes with prolonged coma, one had an intracranial hemor-
the gray matter regions. rhage, and one had repeat episodes of transient paretic ischemic

No'vi'r'?t'r;"\’/‘iigl‘jgggzte}gslis;gg;Tti”x;e"":s'gzti’ég'r:':;h;;if::'(‘:/‘I‘i?vigu attacks requiring several hospitalizations. Their age of onset of
kee, WI) Signa 1.5 Tesla 5-X Scanner with a 6.1 software platform,the first clinical neurologic event ranged from 1.8 to 16.3 years.

located in the University of Southern California Magnetic Imaging One subject died subsequent to the MRI and PET study at age
Center, was used. Infarction was defined as an area of abnormali$l Years, 45 days post bone marrow transplant (Ff§ &)d

increased signal intensity on the Weighted pulse sequences and was another survived a successful engraftment after bone marrow
classified by size and anatomic location in the cerebrum, cerebellumiransplantation. Seventeen of the 19 were treated with chronic
thalamus, or basal ganglia. The MRI abnormalities were classified as toed blood cell transfusion therapy aimed at maintaining a sickle

MATERIALS AND METHODS

Fig 1. Normal metabolic (FDG) and perfusion ([*°0O]H,0) PET scans in a neurologically normal SS child. The red areas on the PET represent
regions with high activity of metabolism (FDG) and perfusion ([**0]H,0). Yellow represents less activity. Green and blue denote progressively
lower activity levels. Black represents no measurable metabolic neuronal function.

Fig2. T, Weighted MRI shows multiple punctate high signal white matter lesions at different cranial (CRAN 39.1 and 47.9) image levels in the
left corona radiata and right centrum semiovale. On PET, subtle decreased metabolism (FDG) and perfusion ([*°O] H,0) is seen bilaterally in the
frontal and occipital cortices. Hypoperfusion is more severe in the right occipital cortex (arrowhead). Visual evoked potentials (not shown)
showed severe postchiasmal deficits of the right occipital area.

Fig 3. T, weighted MRI demonstrating multiple white matter and watershed bright lesions in the frontal white matter and in the corona
radiata, slightly more on the left. Metabolic (FDG) PET imaging shows a severe left frontal gray matter deficit (middle panel, arrowhead). There is
hypoperfusion ([*°0]H,0) of the right hemisphere most marked in the right superior parietal lobe (right panel, arrowheads). The subject has
recovered from a left hemiparesis, but is cognitively impaired.
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cell hemoglobin (HbS) at less than 30%. None receivedhypometabolism developed a bilateral frontal intracranial hem-
hydroxyurea. orrhage 3.5 years after initial imaging studies and the other
Of the 20 Category Il patients, none showed overt neurophysideveloped left leg paresis 2 years after the PET showed FDG
cal abnormalities. Seven had acute chest syndrome with CN8ypometabolism.
hypoxia marked by a ®, of less than 60 mm Hg, two had Type of abnormal PET findings.Of the 36 abnormal PETS,
proven pneumococcal meningitis/septicemia, three had sever28 (78%) had both hypoperfusion and hypometabolism, 6 had
behavior disorders, four had a progressive decline in cognitiveonly focal hypometabolism (FDG), and 2 had only focal
ability identified by the school, two had episodes of observedhypoperfusion (CBF) (Table 2). The percentage of subjects with
sleep apnea, one had an episode of life-threatening aplastizoth hypoperfusion and hypometabolism progressively in-
crisis (hemoglobin nadired at 1.9 g/dL) with apnea and hypoxiacreased with increasing severity of abnormal neurologic find-
and one had repeat complex seizure disorder without fever oings: 2 of 6 (33%) in Category IlIl, 10 of 13 (77%) in Category
another known precipitating cause. Of the 10 neurologicallyll, and 16 of 17 (94%) in Category |. Overall, 14 of the 36
normal Category Il children, two had siblings with paretic patients with abnormal PETs (39%) had a normal MRI.
stroke and three others had elevated Trans Cranial Doppler Correlation of PET findings with MRI gray and white matter
velocities. lesions. The concordance between abnormal PET and MRI
Correlation of clinical status with MRI and/or PET findings. scans where abnormalities were found in both gray and white
Among the entire group of 49 subjects, 30 (61%) had MRImatter was 11 of 12 (91.7%) (Table 3). The concordance
white and/or gray matter lesions, 36 (73%) had abnormal PETbetween PET and MRI was 80.0% for MRI identified abnormal
findings, and 44 (90%) had either an abnormal MRI orgray matter lesions. Concordance was lower at 53.8% for
abnormal PET or both (Table 1). Of the 19 CVA subjects abnormal white matter lesions on MRI without gray matter
(Category 1), 17 (89%) had abnormal imaging findings on MRI involvement because of the low glucose utilization in the white
or PET when considered independently, 19 (100% sensitivity)matter (corona radiata and watershed). A normal PET was found
when considered in combination. Performing MRI alone wouldin 6 of 13 subjects with MRI watershed abnormalities. Among
have left two of 19 patients (11%) who had overt clinical CVA the non-CVA subjects (Categories Il and Ill), PET was abnor-
undetected (normal MRI; abnormal PET). Of the 20 patients inmal in 4 of 9 (44%) of those with MRI watershed white matter
Category Il, 10 (50%) had abnormal MRI, 13 (65%) had lesions. In our PET studies, we confirmed the observation by
abnormal PET, and 17 (85%) had either abnormal MRI or PETSteen et &F based on T, MRI mapping and 7 MRI by Moser
or both. Three (30%) of the 10 Category |l patients had et al'® of occasional dysfunction of the thalamus £n9). We
abnormal MR, 6 (60%) had abnormal PET, and 8 (80%) had aralso identified dysfunction of the parahippocampal gyrus and
abnormality on either MRI or PET or both. uncus in one neurologically normal Category Il patient. Figure
Silent infarction has been defined as unexpected abnormali is a good example of the added information derived from FDG
ties on MRI in subjects with no overt neurophysical abnormali- and (°0O]H,0) PET images when correlated with the MRI. The
ties, Categories Il and Ill subjects in this stidy’Based onthe FDG shows a large left frontal lobe deficit much greater than
MRI, we found 13 subjects with silent infarction including 10 seen on (PO]H,0) perfusion, whereas perfusion is markedly
from Category Il and three from Category lll. When the decreased in the right superior parietal lobe. MRI shows white
definition of silent infarction is extended to include metabolic matter bright lesions in the frontal regions and in the corona
imaging abnormalities, PET identified 12 additional subjects toradiata slightly more on the left side. In all cases with abnormal
have silent ischemic lesions who were normal on MRI, MRI, the abnormality identified on PET, as measured by
including seven in Category Il and five in Category Ill. Thus, glucose metabolism and perfusion defects, was more extensive
combining the findings of MRI and PET, there was a total of 25than indicated by MRI alone (Fig 4).
(83%) of the subjects in Categories Il and Ill found to have Transfusion and PET. Four of our study subjects who were
silent ischemic lesions. Two subjects with silent ischemicplaced on a chronic transfusion program (HbS maintained at
lesions have subsequently developed overt clinical strokes: one:30%)*3-“6had improvement in glucose metabolism and perfu-
with an MRI white matter lesion and PET hypoperfusion and sion on repeat PET scans. The first PET scan was performed

Table 1. Number and Percent of PET and/or MRI Findings Analyzed According to Clinical Evidence of Neurologic Disease

Soft Neurologic No Neurologic
CVA Signs Events
Category | Category Il Category llI All Categories
(n=19) (n = 20) (n = 10) (n = 49)
MRI abnormal 17 89% 10 50% 3 30% 30 61%
MRI normal 2 11% 10 50% 7 70% 19 39%
Total 19 100% 20 100% 10 100% 49 100%
PET abnormal 17 89% 13 65% 6 60% 36 73%
PET normal 2 11% 7 35% 4 40% 13 27%
Total 19 100% 20 100% 10 100% 49 100%
Either PET or MRI or both abnormal 19 100% 17* 85% 8* 80% 44 90%
Both PET and MRI normal 0 0% 3 15% 2 20% 5 10%
Total 19 100% 20 100% 10 100% 49 100%

*Number of silent ischemic lesions in subjects clinically categorized according to soft neurologic signs or no known neurologic events (n = 25).
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Table 2. Type of PET Abnormality Analyzed According to MRI Findings and Clinical Evidence of Neurologic Disease

Category Il Category lll
Category | Soft Neurologic No Neurologic
CVA Signs Events All Categories
(17 Abnormal PET) (13 Abnormal PET) (6 Abnormal PET) (36 Abnormal PET)
MRI MRI MRI MRI MRI MRI MRI MRI
PET Abnormality Normal Abnormal Normal Abnormal Normal Abnormal Normal Abnormal
CBF* and FDGT abnormal 2 14 6 4 2 0 10 18
CBF* normal and FDGt

abnormal 0 1 1 2 1 1 2 4
CBF* abnormal and FDGT

normal 0 0 0 0 2 0 2 0

Total abnormal PET 2 15 7 6 5 1 14 22

*CBF uses ([*°0]H,0).

TFDG is 2-deoxy-2 [*¢F]fluoro-D-glucose.

within a month of entry into the study. One of the four was an  Neuropsychological findings.Impairments were found in
asymptomatic patient with a normal MRI and an elevatedseveral areas including intelligence, school achievement, motor
screening TCD. Her PET showed significant metabolic andand psychomotor speed, and adaptive behavior. In the present
perfusion hypofunction. Repeat PET was used to monitorcommunication, findings on the FSIQ are presented to illustrate
transfusion effect and showed normalization after 16 months ofhe impairment of Category I, Category II, Category lll, and the
transfusion therapy. The MRI has been repeatedly normal andilent ischemia group. The meart (SD) of FSIQ scores was
FSIQ was stable near the original 129. The second subject witlsignificantly different among the three patient groups 823)
sleep apnea and a normal MRI had hypometabolism of théor Category I, 78 {£19) for Category Il, and 9923) for
thalamus on PET. After a year of transfusion, all PET studiesCategory Ill. Pair-wise comparison of the means by one-tailed
had reverted to normal. The third patient had a fixed leftt-test showed that the difference was significaRt< .01)
hemiparetic stroke with both MRI and PET evidence of between Categories | or Il and lll. The proportion of subjects
infarction in the distribution of the right middle cerebral artery below the normal mean of 100 was similar for Categories |
(RMCA). After transfusion for 3 years, repeat PET showed (CVA) and Il (soft neurological) children, but significantly
improvement of both metabolism and perfusion in the contigu-lower among Category Il (no neurological signs) subjects: 14
ous anterior regions of the RMCA. Clinical status was un-of 15 (93%) for Category I, 15 of 16 (94%) for Category I, and
changed. The fourth subject had a normal MRI 2 years before ad of 9 (44%) for Category Ill. Among the 25 subjects in
encephalopathic episode. The PET scan performed during thi€ategories Il and Il who had silent ischemia on the MRI or
comatose episode showed left hemispheric multifocal areas dPET or both, 20 participated in neuropsychological assessment.
decreased glucose metabolism and blood perfusion. During th&their mean FSIQ score was 8423), and 16/20 (80%) of the
same hospital admission, a second MRI showed a smallQs were below 100; these values were not significantly
ill-defined anterior watershed abnormality on the left. PET different from those of Category | (CVA group). In those whose
scans performed at 6-month intervals after the initiation of asilent ischemic lesions were diagnosed by an abnormal PET in
transfusion program showed near normalization in glucosehe face of a normal MRI (r= 11), the mean FSIQ was 86
metabolism and improvement in perfusion (Fig 5). The patient(+22) and 8 of 11 (73%) were below the normal mean.

has significant cognitive deficiencies and poor adaptive behav-
ior. In these four patients, improvement in neuronal metabolic
function and microvascular perfusion was demonstrated by
repeat PET imaging. Forty-nine children with sickle cell anemia were studied by a
combination of PET and MR imaging techniques, which
identified a high percentage of anatomical and/or functional
brain abnormalities across a spectrum of clinically identified
neurologic states. All 19 of the subjects with overt CVA showed
at least one imaging abnormality, while 85% of patients who
were clinically identified with soft signs of neurologic impair-
ment and 80% of subjects with no CVA or soft neurologic signs
did also. The addition of PET to MRI evaluation of the CNS in

DISCUSSION

Table 3. Correlation of PET and MRI Findings of Gray
and White Matter Abnormalities

PET PET % PET
MRI Findings Total Normal Abnormal Abnormal

Gray abnormal, white
abnormal 12 1 11 91.7
Gray abnormal, white

normal 5 1 4 80.0 these SS subjects clearly demonstrated that PET imaging can
Gray normal, white identify both overt and subtle loss of cerebral neuronal meta-

abnormal 13 6 7 53.8 bolic function when MRI studies show no clear anatomic lesion.
Gray normal, white Fourteen of the 19 subjects with normal MRIs (74%) were

normal 19 5 14 73.7 abnormal on PET, five of these identified in the neurologically
Total 49 13 36 735 normal group. This study confirms the original observation of
X test P value is .258 comparing the percentage of PET abnormali- Rodgers et &} of silent neuronal dysfunction in adults based on

ties among the four MRI groupings. abnormal FDG-PET. The high sensitivity of PET for CNS
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Ta . FDG [50] H,0

MRI PET

Fig4. T,and T, weighted MRI images (left) showing loss of neuronal tissue in the distribution of the RMCA in the right cerebral hemisphere
with focal dilatation of the right lateral ventricle. MRA showed absence of blood flow in RMCA and RACA (not shown). Marked FDG (metabolic)
and ([*°0] H,0) (perfusion) deficits on PET imaging (right) are seen throughout the right hemisphere (arrowheads) with near total neuronal loss
(infarction). Deficits are greatest in the cerebral cortex of the RMCA distribution. Left cerebral cortex shows focal deficits best seen on FDG-PET
(arrowhead).

PET
FDG ['°0] H,O

TRANSFUSION PRBC
i [150] H,O

Fig 5. T, weighted MRI image (left) shows a small, ill-defined signal in the left genu of the corpus callosum (arrowhead). Maximum velocity
(VMax) of LACA was 225 cm/sec and LMCA was 252 cm/sec by transcranial doppler. On FDG (metabolic) and ([*°0] H,O) (perfusion) PET imaging
(middle and right upper panels), diffuse hypoperfusion and hypometabolism is demonstrated with multifocal lesions throughout the left cerebral
hemisphere. After institution of a hypertransfusion program, repeat PET scans performed at 6 months showed generalized subtle perfusion
improvement (middle and right lower panels) with residual low perfusion in left occipital and parietal lobes (arrowheads). There was concurrent
normalization of left frontal lobe on FDG PET.
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dysfunction is consistent with recent PET studies in subjectdPET to identify cerebral atrophy and white matter lesions in the
with acute traumatic head injuries. These show that areas ofvatershed area8:5152This is due to the relatively low glucose
functional abnormality are usually greater than the structuralutilization in the projection fibers of the corona radigt&n the
neuronal loss defined by MRI or CT and can be foundother hand, among some of our patients, a decrease in gray
associated with a normal MRI or GT48In like manner, PET  matter metabolism, particularly in the frontal areas, was ob-
showed more extensive bilateral hemispheric dysfunction tharserved on PET before their white matter lesions were observed
was demonstrated by MRI in our SS subjects with knownon repeat MRI examinations. The combination of PET with
clinical ischemic events. This may account for the high risk of MRI better delineated cerebral deficits.
extension of the cerebral vasculopathy into previously pre- The addition of neuropsychologic evaluation identified sub-
sumed nonaffected areas. We suggest that the definition of thiects with impaired cognitive skills that were clearly associated
MRI identified silent infarction status be extended to includewith decreased cerebral metabolic activity based on PET.
unexpected metabolic or perfusion ischemic lesions on PET. Subjects with normal neurological examination and history
The use of MRI in SS patients is well established. Pavlakis efCategory Ill) had significantly higher FSIQ as compared with
al616203lexamined the MRI results of 73 SS patients. Eighteenthe FSIQ scores of the Category | (CVA) and Category Il (soft
had a clinical history of stroke and 16 of them showed MRI neurologic signs) subjects. Those in Categories Il and Ill with
abnormalities. The remaining 55 had no history of stroke, butabnormal imaging (silent ischemia) had lower FSIQ scores with
six of them showed infarctions on the MRI. Moser etsal 80% below the normal mean. The present findings suggest that
evaluated MRI on 215 SS children. Among the 52 children whosilent ischemic lesions can be nearly as damaging to cognitive
had abnormal MRI, only 16 had clinical stroke. Thus, 36 had nofunction as overt stroke. Cognitive assessment should be
overt clinical stroke, but had silent infarctidéhWang et at® conducted for all patients with silent ischemic lesions and
found 11% of 36 very young SS children (less than 4 years ofupportive educational programs should be provided.
age) with no history of CVA already had abnormalities on MRI. [N our small comparison group, the high percentage of CNS
No clinical information regarding severe hypoxic or infectious abnormalities (80%) was not expected. They were initially
episodes in these subjects with the silent infarction syndrome i§ecruited solely on the basis of a normal neurologic history and
reported obviating any clinical parallel comparisons to our Physical examination. Two were siblings of stroked SS subjects
PET-defined silent ischemia group. The distinguishing feature2nd three had subsequent findings of an elevated TCD velocity.
of the reported MRI abnormalities was the predilection for The findings in this study group indicate the difficulty of
lesions to occur in the high cortical convexities in the generalclinically identifying subtle cerebral dysfunctigh®®
regions of arterial border zones between the major cerebral A few provocative observations were made during the course
arteries (watersheds) and the adjacent deep white matter. THY this study. Two children with PET abnormalities (one with
pattern of the MRI lesions suggested two pathogenic mechaconcurrent MRI lesions) subsequently developed overt CVAs.
nisms: (1) proximal large vessel disease with inadequate NS Supports the concept that PET-defined silent ischemic
cerebral perfusion (distal field insufficiency syndrofi78po  esions are not just aberrancies of a very sensitive imaging
and (2) distal small-vessel disease (sludging syndrére). technique. Four patients with CNS vasculopathy who were
Wiznitzer et al® concluded that a combination of MRI and treated by chronic transfusion therapy showed improvement in
MRA (magnetic resonance angiography) can provide usefuferebral metapolic activity. This raises the.potential for use of
screening for large vessel disease in this population. RecentLEET as amonitoring tool capable of assessing therapy in a more

Wang et & reported three children less than 2.5 years of agd'€lPful way than counting new infarcts on MRI or observing
who had stenosis of large intracranial vessels on MRA with no"6P€at paretic strokes. Because this study was not designed to

MRI abnormalities. In three of our subjects with no MRI assess longitudinal progression of disease, further prospective

abnormalities (data not shown), metabolic perfusion abnormaliStudy Will be needed to more systematically define the role of

ties on PET were associated with MRA intracranial vessel” ET in predicting stroke or monitoring therapy.
stenosis.

Watershed abnormalities were indeed originally thought to be CONCLUSION
incidental findings in patients with SS who were not known to  PET imaging techniques offer additional and detailed delinea-
have neurologic involvement. The addition of PET to MRI tion of both (1) regional infarction and (2) diffuse cerebral
describes surrounding tissue pathology in some of these padisease350.5455The addition of PET to MRI identified a greater
tients. In this study, PET was abnormal in 44% of our non-CVA proportion of SS children with neuroimaging abnormalities than
SS subjects who had watershed white matter lesions on th®IRI alone (90%v 61%). The majority (63%) of these SS
MRI. The finding of cerebral metabolic or diffusion deficits children with no overt neurologic events had abnormal PET
supports the hypothesis that these watershed lesions in nostudies. The prevalence of silent ischemic lesions was much
CVA subjects are associated with a broader region of cerebrabigher than the reported 10% frequency of overt CVA in SS
dysfunction and may be a prelude to clinical strék&urther  children would imply? PET lesions were also shown to be more
study is needed to evaluate whether the demonstration oéxtensive, often bihemispheric as compared with MRI. These
abnormalities, by combined neuroimaging, possibly includingfindings may be helpful in understanding the development of
single photon emission computer tomography (SPECT) orcerebral vascular disease in SS children.
neuroSPEC4” might predict stroke occurrence analogous to  In four of our subjects, chronic transfusion was shown to be
the TCD demonstration of increased blood flow velocity in the beneficial in reversing impaired cerebral metabolic activity. The
large cerebral vessels. addition of PET to MRI or neuropsychologic evaluation may

PET imaging cannot supplant MRI because of the failure ofhelp identify subjects with cerebral vasculopathy for early
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intervention including bone marrow transplantation or chemo-Johnson M, Grossman RI, Hecht-Leavitt C: MRI of sickle cell cerebral
therapeutic intervention and could provide a monitoring tool toinfarction. Neuroradiology 29:232, 1987

assess the effectiveness of therapy. 19. Wiznitzer M, Ruggieri PM, Masaryk TJ, Ross JS, Modic MT,
Berman B: Diagnosis of cerebrovascular disease in sickle cell anemia
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