Providing Choice & Value = ) fesees

CONTACT REP

MR and CT investigation of cer ebrovascular

diseasein sickle cell patients.
T el Gammal, R JAdams, F T Nichols, V McKie, P Milner, K

McKie and B S Brooks

AINR Am J Neuroradiol 1986, 7 (6) 1043-1049

This information is current as http://www.ajnr.org/content/7/6/1043

of July 23, 2025.


http://www.ajnr.org/cgi/adclick/?ad=57967&adclick=true&url=https%3A%2F%2Fmrkt.us-marketing.fresenius-kabi.com%2Fajn1872x240_july2025
http://www.ajnr.org/content/7/6/1043

Taher El Gammal'
Robert J. Adams?
Fenwick T. Nichols?
Virgil McKie®

Paul Milner*

Kathy McKie®

Betty Sue Brooks'

Received March 19, 1986; accepted after revi-
sion June 2, 1986.

Presented at the 24th annual meeting of the
American Society of Neuroradiology, San Diego,
January 1986.

This work was supported in part by the Medical
College of Georgia Research Institute and NIH
Grant HL 29554 awarded to the Medical College of
Georgia Comprehensive Sickle Cell Center, Titus
Heisman, Director.

' Department of Radiology, BIH 252, Medical
College of Georgia, Augusta, GA 30912-2366. Ad-
dress reprint requests to T. El Gammal.

2 Department of Neurology, Medical College of
Georgia, Augusta, GA 30912.

% Department of Cell and Molecular Biology,
Comprehensive Sickle Cell Center, Medical College
of Georgia, Augusta, GA 30912.

* Department of Pathology, Medical College of
Georgia, Augusta, GA 30912.

AJNR 7:1043-1049, November/December 1986
0195-6108/86/0706-1043
© American Society of Neuroradiology

1043

MR and CT Investigation of
Cerebrovascular Disease in
Sickle Cell Patients

Stroke is a common complication of sickle cell disease. Using MR and CT, we studied
10 patients with sickle cell disease and a history of stroke and compared these findings
with those of 10 sickle cell patients without stroke. The purpose was to determine if MR
could visualize the large vessel vasculopathy previously seen on angiography and to
estimate the incidence of asymptomatic abnormalities in the nonstroke group. MR
consistently demonstrated the major intracranial arteries and showed three cases with
occlusion and three with stenosis of either the internal carotid or middle cerebral arteries.
Infarctions were better delineated on MR but were also seen on CT. Seven cases with
and two without stroke had high-signal white matter lesions on MR. Further research
using cranial MR to develop noninvasive means of identifying sickle cell patients at risk
for stroke is warranted.

Cerebrovascular complications have been reported in 5-17% [1-5] of patients
with sickle cell disease (hemoglobin SS). The risk for cerebral infarction is highest
in children less than 15 years old, while older children and adults primarily experi-
ence intracranial hemorrhage. The cause of stroke in this population is not clear.
The initial concept of infarction resulting from small-vessel occlusion due to sickling,
as observed in bone and spleen [6], has not been supported by recent data.

While there is pathologic evidence that small-vessel occlusion does occur in brain
[1, 7], the clinical presentation of hemiplegia and the cranial CT reports have been
more consistent with large-vessel or major branch occlusions. In addition, the
stroke cases that have been studied angiographically show a surprisingly high
incidence of an occlusive vasculopathy affecting the major intracranial arteries of
the anterior circulation, in many cases bilaterally [8-12]. Limited pathologic data
indicate that these lesions are areas of noninflammatory endothelial hyperplasia
[11, 13]. The incidence of moyamoya associated with this vasculopathy is as high
as 30% in some series [8, 14].

Recent studies have reported neuroradiologic findings in cases with major
neurologic symptoms, usually hemiplegia [2-5, 8, 12]. The frequency and distri-
bution of cerebrovascular lesions in sickle cell disease patients with less dramatic
or with no neurologic symptomatology has not been studied. High resolution MR
imaging may provide a means to detect cerebrovascular abnormalities noninva-
sively. Accordingly, a pilot study was conducted in patients with and without a
history of stroke (1) to determine if MR could visualize the major intracranial vessels
and demonstrate occlusive vasculopathy, and (2) to estimate, using MR and CT,

‘the frequency and anatomic distribution of relatively asymptomatic lesions in these

patients.

Materials and Methods

Twenty subjects with hemoglobin SS documented by hemoglobin electrophoresis were
recruited from the pediatric hematology or the pediatric and adult sickle cell clinics of the
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TABLE 1: Findings in Patients with History of Stroke
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Case Age at

MR Comments

~ No. 7Age Stroke Neuro Exam CT
1 20 13,15  Left hemiparesis Infarction, right frontal
(1975)
2 14 5 Left hemiparesis  Infarction, right wa-

tershed distribution

Massive infarction,
left frontoparietal

Right hemipa-
resis

4 it 9 Left hemiparesis  Infarction, right fron-
toparietal

5 18 3 Left hemiplegia Infarction, right fron-
toparietal

6 11 6 Normal Infarction, right occipi-
tal

7 4 3 Normal Infarction, left parietal,
occipital, and cau-
date; left lateral
ventricle dilation

8 16 11 Left hemiparesis  Infarction, right frontal

9 29 28 Left hemiparesis  Intraventricular hem-

orrhage (1984); in-

farction, right fron-

toparietal (1985)
10 17 17 Normal

sure

SAH, right sylvian fis-

Angiography (1975): bilateral
ICA occlusions distal to op-
thalmic; moyamoya

Angiography (1976): stenosis,
right ICA from 3 cm above
bifurcation

Cortical calcification on CT not
shown on MR

Bilateral ICA occlusion; right
frontoparietal and left frontal
infarction; moyamoya?

Stenosis, distal right ICA; right
watershed infarction

Apparent left ICA occlusion;
left frontoparietal infarction
Apparent right MCA occlusion;
right frontoparietal infarction

Stenosis, right ICA terminal
portion; right frontoparietal
infarction

Right anterior occipital infarc-
tion

Left parietooccipital and cau-
date infarction; left lateral
ventricle dilation

Initial right hemiparesis re-
solved over 3 months

Right frontal infarction
Right frontoparietal infarction;
left frontal focal atrophy

Angiography refused

Normal Angiography normal

Note.—ICA = internal carotid artery; MCA = middle cerebral artery; SAH = subarachnoid hemorrhage.

Medical College of Georgia. Seventeen of these have been followed
for more than 2 years. Based on available records and history, and
prior to neurologic examinations and MR, subjects were assigned to
either the stroke or nonstroke group. Ten subjects with a prior
diagnosis of stroke and 10 with no known history of stroke made up
each study group. All subjects received a screening neurologic ex-
amination at the time of MR. For the purpose of this study, a “normal”
neurologic status implies the absence of focal deficits on bedside
neurologic examination; formal neuropsychological testing was not
performed, although simple tests for visuospatial deficits and dys-
phasia were included. All but three subjects were studied as outpa-
tients; none were in vaso-occlusive crisis at the time of study. The
stroke group comprised seven males and three females, mean age
15 years (range, 4-29 years). Eight were initially diagnosed with
cerebral infarction, one with intraventricular and one with subarach-
noid hemorrhage. The stroke history was based on clinical events
that occurred from 2 weeks to 15 years (mean, 4.4 years) before this
study. The mean age at the time of cerebral infarction (nine patients)
was 6.2 years (range, 3-13 years). Prior angiography was available
in three cases, two with infarction and one with subarachnoid hem-
orrhage.

The nonstroke group contained six females and four males, mean
age 14 years (range, 4-32 years). The oldest subject had a history
of partial complex seizures since age 19. The youngest subject had
been treated for an idiopathic seizure disorder since age 3 months;
his development and neurologic examination were considered normal.
Another subject, age 6, was included in the study during initial
evaluation for a single seizure, without residual neurologic deficit, that
occurred 10 days before MR. The remaining nonstroke subjects were
neurologically asymptomatic.

All subjects received proton MR (GE 1.5 T Signa Unit) according

to the following protocol: sagittal views with T1-weighted images (TR
800, TE 25) with 3-mm slice thickness at 1-mm separation; T2-
weighted axial and coronal views (TR 2000, TE 25/50 msec) and 5-
mm thickness with 2.5-mm separation between slices. Some patients
also had coronal T1-weighted images (TR 800, TE 25 msec). Nineteen
patients had CT (GE 9800) within 10 days of MR; all but four were
obtained without contrast enhancement. Imaging studies were ex-
amined in an unblinded fashion.

RESULTS

Stroke Group

Seven subjects in this group had residual neurologic deficit.
The CT, MR, and angiographic data are shown in Table 1.
MR consistently demonstrated the major intracranial arteries,
including the internal carotid, proximal middle cerebral, and
the basilar arteries. The anterior cerebral arteries were less
consistently visualized. In some cases, other vessels such as
the lenticulostriate, anterior choroidal, and posterior commu-
nicating arteries were also seen.

Evaluation of the vasculature was made by examination of
adjacent sections in both the coronal and axial views. The
appearance of major vessels on MR was abnormal in the
following cases: case 1, bilateral distal internal carotid artery
occlusions consistent with prior findings on angiography (Fig.
1), case 2, collateral circulation in relation to stenosed right
intracranial internal carotid artery, also present on prior angio-
gram; case 3, left internal carotid artery occlusion ipsilateral
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Fig. 1.—Case 1. A and B, Lateral views of bilateral carotid arteriogram
showing complete occlusion of both internal carotid arteries beyond origin of
ophthalmic arteries. Collateral circulation with moyamoya pattern noted (ar-

rows). C, Coronal MR study (TR 2000/TE 25) shows very small left intracav-
ernous carotid artery(white arrow) and large left posterior communicating artery
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(curved black arrow). Left terminal internal carotid artery is reconstituted and
lies medial to large posterior communicating artery. Low signals noted medial
to temporal lobes at level of pituitary stalk most likely represent moyamoya
pattern noted on arteriogram (small black arrows).

A B

Fig. 2.—Case 3. A, Reformatted CT-enhanced image of left side of neck
showing normal carotid artery bifurcation. B, Transaxial MR shows complete
occlusion of left internal and middle cerebral arteries (arrow) instead of normal
low signal of terminal carotid small vessels. This may represent collateral

to massive infarction (Fig. 2); case 4, apparent right middle
cerebral artery occlusion ipsilateral to infarction in middle
cerebral artery distribution; case 5, severe stenosis of the
terminal right internal carotid artery ipsilateral to massive
infarction (Fig. 3); case 9, apparent stenosis of right terminal
internal carotid artery ipsilateral to infarction in the distal
distribution of the middle cerebral artery. Although one pa-
tient, case 1, had low signal on MR where previous angiog-
raphy had demonstrated moyamoya (Fig. 1), a definite MR

circulation of moyamoya pattern. C, Very small left cerebral peduncle (asterisk)
secondary to Wallerian degeneration in left hemisphere. Note the significant
tissue loss of left temporal lobe.

pattern representing moyamoya could not be established from
this study.

There were seven cases with unilateral and two with bilat-
eral infarctions. The anatomic distribution of these lesions
suggested major-vessel or branch occlusions except for that
of case 5, which showed a pattern consistent with a wa-
tershed infarction. Infarction in the distribution of the posterior
cerebral artery was seen in one case. Although CT detected
all infarctions, MR better demonstrated the location and ex-
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tent of these lesions. MR demonstrated hemiatrophy of the
cerebral peduncle ipsilateral to large infarctions in three cases;
MR did not reveal peri-infarct calcifications detected in one
case by CT (Fig. 4).

Seven cases had high-signal white-matter lesions on MR,
in a spectrum from small circular plaques to linear patterns
extending over several centimeters (Fig. 5). In most cases,
these were found in proximity to areas of infarction; however,
in three cases with unilateral infarction such signals were
preserit in both hemispheres. The intensity of these lesions
did not appear to be related to the age of adjacent infarction,
being seen both in recent (1 year) and remote (15 years)
stroke. The white-matter abnormalities seen on MR were not
revealed by CT scan.

The MR in five stroke patients (cases 1, 3, 4, 5, and 9)
revealed low signal in the basal ganglia consistent with in-
creased iron concentration (Fig. 6). Of these five cases, four
had previously received chronic transfusion therapy; two of
the remaining five stroke cases had been chronically trans-
fused but did not show this pattern.

The MR of case 10 was normal; it was performed 15 days
after subarachnoid hemorrhage diagnosed by lumbar punc-
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Fig. 3.—Case 5. A, Coronal MR shows normal
bifurcation of left internal carotid artery. At right,
there is hyperatrophy of anterior choroidal artery
(arrow) (TR 800/TE 25). B, Coronal MR shows
stenosis of right internal carotid artery (arrow) close
to origin of anterior choroidal artery (TR 2000/TE
25). C, Coronal MR shows normal basilar artery
and its bifurcation (arrowhead) (TR 2000/TE 50).
D, Lateral view shows large infarction in right
hemisphere (TR 800/TE 25).

ture and CT, which showed high attenuation in the right
sylvian fissure. Angiography was normal.

Nonstroke Group

On neurologic examination, no abnormalities were found in
this group. The vessels appeared normal on MR in all cases.
Angiographic correlation was available in one case. No infarc-
tions were demonstrated, but one case with seizures and
prior angiography showed dilation of the left lateral ventricle
suggestive of old infarction. This patient also had high signal
plaques in the centrum semiovale bilaterally (Fig. 5A). Another
case with no neurologic symptoms also had similar bilateral
plaques. Neither case had corresponding lesions on CT, all
cases had normal CT.

Discussion

Cerebrovascular disease represents a major cause of mor-
bidity and mortality in sickle cell disease. At present, there
are no clinical, hematological, or noninvasive neurodiagnostic
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4 A

Fig. 4.—Case 3. CT 1 year after initial ischemic Fig. 5.—White-matter disease. A, 32-year-old woman with no history of stroke shows multiple high-
episode shows significant hemiatrophy with large  signal lesions in centrum semiovale bilaterally. These were thought to be due to vascular disease and
area of low attenuation and extensive calcifications  appear identical to those reported in multiple sclerosis. B, An example of extensive white-matter disease
that were not seen on MR study. (Case 9) shows large area of paraventricular high signal in T2-weighted images (TR 2000/TE 50). Muitiple

small high-signal plaques are also noted (arrowhead).

A B 7

Fig. 6.—Low signal in basal ganglia (possibly from increased iron deposition) (TR 2000/TE 25). A, Left Fig. 7.—64-year-old white male who was under
hemiatrophy and extensive infarction (Case 3). A localized unilateral area of low signal in left globus pallidus ~ Coumadin therapy for several years with evidence of
is noted (arrow). B, Bilateral low signal noted in globus pallidi (arrow), Case 9. subclinical hemorrhage. Transaxial MR shows right

old thalamic hemorrhage with high signal surrounded
by aring of low signal, probably due to iron deposition
from hemosiderin in the periphery of hemorrhage
(small arrow). Two areas of abnormal low signal in
globus pallidi noted bilaterally (/arge arrows) probably
represent iron deposition from older hemorrhages and
appear similar to the low signals noted in our cases
of sickle cell anemia (TR 2000/TE 25).
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means to identify patients who are developing the vasculo-
pathy revealed on angiography [2]. The apparent occlusions
and severe stenosis of major vessels detected by MR were
consistent with the limited angiographic data available in this
series. The other apparent vascular abnormalities detected
were ipsilateral to areas of infarction, but angiographic cor-
relation was not available. These findings are encouraging,
but further MR studies with angiography are needed to better
define the role of MR in detecting mild arterial disease. Moy-
amoya is thought to develop as a result of progressive
stenosis of major intracranial vessels [15], and its identifica-
tion by noninvasive means would be important clinically in
this population as an indirect marker of cerebral vasculopathy.
At present, further studies are required to determine if MR
can reliably detect moyamoya pattern.

The majority of stroke patients and a minority without
stroke were found to have high-signal subcortical lesions
identical in appearance on MR to those reported in multiple
sclerosis [16]. This unexpected finding was quite variable in
appearance and was seen in asymptomatic areas of brain in
some cases. Although the presence of these signals in this
population suggests a vascular etiology, possibly ischemia
from small-vessel occlusion secondary to sickling, their nature
is unknown. This finding also raises questions as to the
specificity of such MR signals in the diagnosis of multiple
sclerosis.

All infarctions were demonstrated on CT where available;
however, MR provided better delineation of the anatomy of
infarction by virtue of higher resolution and the use of multiple
views. The pattern of infarction suggesting major-vessel or
branch occlusion is consistent with earlier reports [2]. The
pattern of distal insufficiency (“watershed”) infarction, seen in
one of our cases, is consistent with high-grade stenosis of
the internal carotid artery seen on the angiogram in this case.
Although repeated episodes of small-vessel occlusion might
be expected to produce multiple small infarcts, such a pattern
was not observed in this series. The low signal in the basal
ganglia of five patients is similar in appearance to that reported
in Hallevorden-Spatz disease [17, 18]. Iron and other metallic
ions produce a prolonged T1 relaxation time and a corre-
spondingly low T1-weighted signal [19]. There is no basis to
implicate abnormal copper metabolism in these patients, and
calcification of the basal ganglia was not observed on CT.
Accordingly, these signals are presumed to represent iron
deposition [20, 21]. Tissue deposition of iron in liver, spleen,
and kidney has been observed in this disease [6, 22], but we
are unaware of reports documenting iron deposition in the
basal ganglia. The cause of this finding in these patients is
unclear, although subclinical hemorrhage (Fig. 7) or deposition
of iron related to hemolysis and/or transfusion therapy are
possibilities.

We believe this is the first study to use MR and cranial CT
to look for subclinical manifestations of cerebrovascular dis-
ease in sickle cell disease patients with no history of stroke.
Two of 10 nonstroke patients had abnormalities on MR
suggesting that at least some neurologically asymptomatic
patients also experience cerebral vascular complications.
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More extensive investigations are needed to establish the
true incidence of subclinical disease in this group. The devel-
opment of MR techniques capable of detecting occlusive
vasculopathy of the basal arteries and/or moyamoya would
be of considerable clinical value allowing noninvasive identifi-
cation of patients presumed to be at high risk for disabling
stroke. It could be used to follow such patients receiving
treatment designed to reverse lesions and prevent stroke.
Further application of cranial MR in both symptomatic and
asymptomatic sickle cell disease patients is warranted.
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