CT and MR Evaluation of Intracranial Involvement in Pediatric HIV
Infection: A Clinical-Imaging Correlation
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Purpose: To review the cranial CT and MR examinations of 29 children with perinatally transmitted
HIV infection and correlate the imaging findings with clinical and pathologic data . Methods: 28
children were examined with CT, four with MR. Results: CT abnormalities were seen in 25 children
• studied (89% ), including cerebral atrophy (25 children), basal ganglia calcification (10 children),
periventricular frontal white matter calcification (four children), cerebellar calcification (one child) ,
white matter low attenuation areas (two children), intracranial hemorrhage (three children) and
cerebral infarction (one child). Intracranial calcifications were only seen in association with cerebral
atrophy and were never seen prior to 1 year of age. Calcifications in the periventricular white
matter or cerebellum were always associated with basal ganglia calcifications. MR abnormalities
were seen in all four children studied ; cerebra! atrophy (four children), areas of high signal intensity
in white matter (four children), loss of normal posterior pituitary high signal intensity (one child) .
Cerebral atrophy appeared to be a nonspecific finding that was seen in some children in the
absence of neurologic signs and symptoms. All chi ldren with intracranial calcifications had
developmental delay. Intracranial hemorrhage was seen in children with severe thrombocytopenia.
Focal intracranial infections were unusual and neoplastic lesions were not found . Conclusions:
Cerebral atrophy, basal ganglia calcifications, and focal white matter lesions were the most
common abnormalities seen neuroradiologically in our series of HIV-infected children ; cerebral
atrophy was a nonspecific finding.
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Neurologic abnormalities are common in children with human immunodeficiency virus (HIV)
infection (1-4). Intracranial involvement may be
due to primary HIV infection or secondary to
complications of immunodeficiency. Estimates
are that 50% of infected children may have a
subcortical dementia or focal neurologic signs or
symptoms (4, 5). Nevertheless, the attention
given to the neuroimaging findings in children
with AIDS has lagged far behind that focused on
adults. In this report we describe the cranial

computed tomography (CT) and magnetic resonance (MR) appearance of 29 children with perinatally transmitted HIV infection and correlate
imaging findings with clinical and pathologic data.
Patients and Methods
Eighty-three children who fulfilled the criteria for perinatally y ansmitted HIV infection (6) were evaluated at our
institution between January 1987 and June 1991. Cranial
imaging studies were performed on 29 of these children
during the study period. Forty-four cranial CT scans were
performed in 28 children . Eighteen children had a single
examination and 10 had two or more examinations : two
examinations, six children; three examinations, two children ; and four examinations, two children. Each examination included a noncontrast CT. Additionally , 12 exam s
also included contrast-enhanced CT. Four cranial MR studies were performed in four children . Twenty-five children
were imaged with CT only , three with CT and MR , and one
with MR only.
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Fig. 1. Basal ganglia calcification . Two-year-old with encephalopathy and weakness. Noncontrast CT shows symmetrical calcification
in the basal ganglia.
Fig. 2. Frontal white matter calcification. Three-year-old with encephalopathy and hypereflexia. Noncontrast CT demonstrates
symmetrical calcification in the basal ganglia and frontal white matter.
Fig. 3. Focal white matter lesions. Four-year-old with encephalopathy, weakness, and hypereflexia. Noncontrast CT shows focal
areas of low attenuation in the parietal white matter (arrowheads).
Seventeen patients were female and 12 were male. The
age range was 1 month to 8 years (median age at time of
first CT or MR examination = 11 months). All 29 children
were classified as having symptomatic HIV infection (6); of
these, 26 met diagnostic criteria for AIDS and three did
not. Two of these children also had associated perinatally
transmitted cytomegalovirus infection.
Indications for CT or MR included the following: change
in mental status (11 children), sepsis (nine children), focal
neurologic deficit (eight children), fever of unknown origin
(six children), failure to thrive (six children), seizure (six
children), diabetes insipidus (one child) and head banging
(one child). Clinical records, including classification of HIV
infection (6) and neurologic examination findings were
retrospectively reviewed. The following information was
retrieved from neurologic and developmental examinations:
presence or absence of weakness, hypertonia, hypotonia,
ataxia, and encephalopathy , defined as no further acquisition or progressive loss of developmental milestones, language or socially adaptive skills. The neurologic examination was considered abnormal if one or more of the above
findings were present. In all cases, the neurologic evaluation
was performed within 1 week of the CT. These children all
lacked evidence for perinatal asphyxia.
CT was performed with contiguous 1-cm thick sections
obtained from foramen magnum to vertex in children over
3 months of age (40 examinations) , while 5-mm thick
sections were obtained at 5-mm intervals in children 3
months of age or less (four examinations). Three milliliters

per kilogram (maximum dose 120 mL) of 60 % iodinated
contrast material (lothalamate meglumine) was administered by means of intravenous bolus injection on the
contrast-enhanced exams.
MR was performed on a 1.5-T superconducting magnet.
Proton-density and T2-weighted images were acquired in
the axial plane and T1-weighted images were acquired in
the sagittal plane with the following parameters: 2800/30,
2800/80, 600/20 (repetition time (TR)/echo time (TE)
msec). Contiguous 6- to 7-mm thick sections were obtained . No contrast media was administered.
The CT and MR scans were retrospectively reviewed by
one of the authors who was blinded to the clinical neurologic status. Abnormal findings were divided into seven
categories: 1) cerebral atrophy, defined as dilatation of the
ventricular system and prominence of the sulci ; 2) intracranial calcification; 3) focal areas of white matter abnormality;
4) cerebral infarction; 5) intracranial hemorrhage; 6) abnormal contrast enhancement on CT; and 7) abnormal signal
intensity on MR .

Results

CT Findings
Six of 28 children (21%) had a normal initial
CT scan, two of these had abnormalities on
subsequent scans (atrophy in two, basal ganglia
calcifications in one). Abnormalities noted on the
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Fig. 4 . Intracranial hemorrhage. Four-year-old with disseminated intravascular coagulopathy . focal neurologic deficits, and seizures.
Noncontrast CT demonstrates a large parenchymal hemorrhage in the left parietal-occipital region and a smaller hemorrhage in the
right frontal lobe.
Fig. 5. Intracranial hemorrhage. Sixteen-month-old with autoimmune thrombocytopenia and seizures. Noncontrast CT show s multiple
punctate parenchymal hemorrhages.
Fig. 6 . Cerebral infarction . Six-month-old with encephalopathy and hypereflexia (Table 3, case 5). Noncontrast CT dem onstrates
bilateral parietal-occipital infarcts.

noncontrast CT scans included the following:
cerebral atrophy (25 children), basal ganglia calcifications (10 children, Fig. 1), periventricular
white matter calcification (four children, Fig. 2),
cerebellar calcification (one child), peripheral
white matter low attenuation areas (three children, Fig. 3), intracranial hemorrhage (three children, Figs. 4 and 5), cerebral infarction (one child,
Fig. 6).
Ten children with two or more CT exams had
cerebral atrophy on the initial study. In seven of
these, the severity of atrophy increased on followup exams, over a 4- to 48-month interval (Fig.
7).

Intracranial calcifications were always seen in
association with cerebral atrophy. The calcifications were bilateral and symmetrical in all cases.
Calcifications in the periventricular frontal white
matter were always associated with basal ganglia
calcifications. Cerebellar calcifications were also
seen in association with calcifications in the basal
ganglia. Intracranial calcifications were not observed in the two children with perinatally transmitted cytomegalovirus infection.
White matter low attenutation areas were also
always seen in association with cerebral atrophy.

The distribution was patchy and bilateral. There
was no associated edema or mass effect. The
lesions were primarily observed in the parietaloccipital white matter. Two of the three children
had contrast-enhanced CT scans. The lesions did
not enhance.
Review of the 11 contrast-enhanced CT scans
revealed a small, focal area of contrast ring enhancement in the right frontal white matter in
one child (Fig. 8). There was no associated edema
or mass effect. Abnormal contrast enhancement
was not observed in any other case.
/

MR Findings
MR scans were obtained on four children . Abnormalities noted on MR included cerebral atrophy (four children), areas of peripheral white
matter high signal intensity on proton-density and
T2-weighted images (four children, Fig. 9), and
absence of the normal high signal intensity in the
posterior pituitary on T 1-weighted images (one
child, Fig. 10). The areas of high signal intensity
in the peripheral white matter were bilateral but
not always symmetric. There was no associated
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Fig. 7. Increasing cerebral atrophy.
Three-year-old with encephalopathy and hypereflexia.
A, Noncontrast CT shows mild symmetrica l enlargem ent of the cerebrospinal fluid
spaces.
8 , Noncontrast CT in sam e child 6
m onths later demonstrates increased size of
the cerebrospinal fluid spaces.

B

Fig. 8. Abnormal contrast enhancem ent. Eighteen-month-old with encephalopath y , weakness, and hypereflexia (Table
3 , case 2). Contrast-enhanced CT shows a
rin g-enhancing lesion in the right frontal
lobe (arrows). There was no associated
edem a or m ass effec t. The child died 1
month following CT evaluation and postmortem examination reveal ed only scattered foci of inflamm atory cell infiltrates.

Fig. 9. Focal white matter lesions. Fouryear-old with encephalopathy and hypereflexia . Proton-density MR demonstrates
patchy area s of white matter high signal
intensity .

edema or mass effect. Three children with focal
white matter abnormalities on MR had been
examined with CT; in one of these, the studies
were performed less than 1 week apart. The CT
scans in all three had demonstrated only
atrophy .

Fig. 10. Three-year-old with severe encephalopathy and diabetes insipidus (Table
3 , case 1). T1-weighted midline sagital image shows absence of hyperintense posterior pituitary signal. The child died 1
month following MR evaluation. The pituitary gland appeared normal on gross pathologic inspection .

Clinical Findings

The CT findings were compared with patient
age (Table 1). Intracranial calcifications were
never seen prior to 1 year of age, even in children
with clinical encephalopathy. The age of children
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TABLE 1: CT abnormalities in 28 children with HIV infection compared with pati ent age(% )
Patient
Age

No
A bnormalities

Cerebral
Atrophy

Low Attenuation
A reas in WM"

< 1 year
n = 16

5 (31)

11 (69)

1 (6)

18 (95)

2 (11)

2:1 year
n = 19c

Ca lcifications
Hemorrhage
Basal Ganglia

In farc tio n

Frontal WMb

Enhan cing
Lesion

1 (6)

10 (53)

4 (2 1)

3 ( 16)

1 (5)

' Denotes periphera l white matter.
b Denotes periventricular frontal w hite matter.
c

Seven of these children were initially studied prior to 1 year of age and are included in both groups.

TABLE 2: CT abnormalities in 28 children with HIV infection compared to neurologic examination abnormalities( % )
Neurologic

No

Cerebral

Examination

Abnormalities

A trophy

Low Atte nuation
A reas in WM'

Normal
n=8

4 (50)

4 (50)

1 (12)

Abnormal
n = 24<

2 (8)

22 (92)

Calcifications
Basa l Ga nglia

Frontal WMb

10 (42)

4 (17)

2 (8)

Hemo rrhage

Infarction

Enhanc in g
Lesion

3 (25)

1 (4)

1 (4)

' Denotes peripheral w hite matter.
b Denotes periventricular frontal white matter.
c

Four of these children had a normal neurologic exami natio n at the time of the initial CT and are included in both groups.

at the time intracranial calcifications were first
noted on CT ranged from 1 to 6 years; median
age, 1 year and 8 months. Three of these children
had CT scans prior to 1 year of age (range, 3 to
11 months) that did not show calcifications.
The CT findings were also compared with the
neurologic examination findings (Table 2). The
neurologic abnormalities noted in these children
included: encephalopathy (24 children), hypereflexia (17 children), weakness (16 children), ataxia
(2 children). Four of six children (67 %) with a
normal initial CT scan had a normal neurologic
examination, while two had clinical encephalopathy. Eight of 12 children (67 %) with cerebral
atrophy as an isolated CT abnormality had an
abnormal neurologic examination at the time of
CT; encephalopathy in eight, hypereflexia in six,
weakness in five , ataxia in one. The other four
children had prior or concurrent systemic infections; Pneumocystis carinii pneumonia in three,
cytomegalovirus enteritis in one. All seven children with increased severity of atrophy on follow up examinations had delayed motor and language
development. All 10 children with intracranial
calcifications also had developmental delay. Four
of 10 had loss of previous developmental milestones at the time of CT scan. Children with focal
white matter lesions or infarctions on CT or MR
all had clinical encephalopathy. They did not,

however, present with sudden focal neurological
deficits.

Pathology Findings
Seventeen of these children have subsequently
died. Histopathologic examination of tissue obtained by autopsy was performed in six children.
The time between the premortem CT or MR
examination and death in the autopsied children
ranged from 1 to 13 months. Neuroimaging findings were compared with results of histopathologic evaluation in these six children (Table 3).
The brain was small in five of six children, with
weights ranging between 50 %-85 % of values
expected for age. Microglial nodules, multinucleated giant cells, and perivascular infiltration by
mononpclear inflammatory cells were seen in the
white matter in three children (Fig. 11 ). In an
additional child , multinucleated giant cells were
present in the absence of inflammatory cell infiltrates. Focal white matter gliosis was present in
five children. Of these, two also showed microscopic foci of calcification in the basal ganglia
(Fig. 11 ). One child additionally demonstrated
calcification in the media of medium-sized arteries
of the brain (Fig. 11 ). Multiple abscesses in the
cerebral cortex, basal ganglia , thalamus, and midbrain were noted in the child. Silver methenamine
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TABL E 3: Lesions id entified by CT, MR, and pathology in autopsied patients
Case
No.

Interva l between
CT or MRI and Death
1 month

CT o r MR Findings
A trophy
white m atter lesions
abnormal posteri or pituitary
NS

Pathologic Find ings
Sm all brain
Gliosis
NS
Vascular and parenchym al
ca lcifica tion

2

1 month

Small brain
microg lial nodules
multinucleate giant cells

A tro ph y

Foca l area of abnormal
contra st enhance-

perivasc ular inflamma tion
NS

m ent

3

2 months

Small brain
multinucleate giant cells

A troph y

gliosis

4

8 months

Sm all brai n

A trophy

mi croglial nodules
multinucl ea te giant cell s
perivascular inflammation
gliosis
Parenchy mal calcifica tion

NS

5

11 m onths

A trophy
parietal-occi pital infarc tion

Sm all bra in
Foca l pa rietal-occipital
atrophy (hea led infa rc-

w hite ma tter lesio ns

lion)
Gliosis

NS

Multipl e abscesses

Candida a/bican s

6

13 mo nths

NS

Small brain
m ultinuclea te giant cell s
microglial nodul es
peri vascular inflammation
gliosis

Note.- NS = not seen.

stain demonstrated pseudohyphae of Candida a/bicans in the abscesses.
Discussion

The nervous system is a primary site of HIV
infection in the pediatric age group (3, 7). As a
result, neurologic dysfunction is common in infected infants and children. The presence of encephalopathy, defined as a subcortical dementia,
has been reported in 30 %-50 % of affected children (3, 5). The majority of children (90 %) in our
study had encephalopathy. Clinical manifestations of this encephalopathy include developme ntal delay , cognitive impairment, and pyramidal tract signs (4, 8). Symptoms may be static,

characterized by failure to develop beyond a
given point, or progressive, distinguished by loss
of previously acquired milestones (3, 4). Motor
signs, including hypereflexia, spastic-ataxic gait,
or frank paraparesis may accompany the encephalopathy (2, 3).
Previous reports of cranial imaging findings in
children with HIV infection have described cerebral atrophy as the most common finding (3 , 810). This was true in our population as well.
Atrophy was observed in 90 % of children evaluated with CT or MR (Fig. 7). These findings
correlate well with histopathologic reports of HIVinfected brains that demonstrate diminished
weight for age and infiltration of microglial nodules and multinucleated giant cells that harbor
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Fig. 11 . Histopathologic findings .
A, Microglial nodule consisting of a collection of microglia in
the white matter (Table 3, case 4).
B, Mononuclear cell infiltrate (arrowheads) adjacent to small
blood vessel (Table 3 , case 6). BV = blood vessel.
C, Multinucleated giant cell (Table 3 , case 4) (arrowheads).
D, Microfoci of parenchymal (arrows) and vascular calcifications
(arrowheads) (Table 3, case 1).
BV = blood vessel ; hemotoxy!ineosin stain.

D
viral particles predominantly in the deep white
matter (Fig. 11) (3, 5, 11, 12). Nutritional and
metabolic factors may also contribute to the
development of cerebral atrophy. We noted atrophy on CT in the absence of neurologic signs and
symptoms in four children. All four had prior
systemic illnesses requiring prolonged hospitalization, and poor weight gain .
Focal areas of peripheral and deep white matter
disease have been reported in both children and
adults with AIDS (Figs. 3 and 4) (4, 9, 13). The
changes are secondary to direct involvement of
the brain by HIV resulting in areas of demyelination and gliosis (11, 14). Scattered areas of gliosis
were noted on histopathologic evaluation in both

children who had focal areas of white matter
abnormality on CT or MR and were autopsied
(Fig. 11).
Intra9ranial calcifications have also been previously noted in HIV -infected children (3, 8 , 15,
16). The calcifications have been observed primarily in the basal ganglia and to a lesser extent
in the frontal white matter. We noted similar
findings, as basal ganglia calcifications were present twice as frequently as frontal white matter
calcifications (Figs. 1 and 2). Additionally , frontal
white matter calcifications were always associated with basal ganglia calcifications. These calcifications were never seen prior to 1 year of age
or when the neurologic examination was normal.
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Conversely, they were observed on CT in slightly
over one half of children over 1 year of age and
in 42 % of children with encephalopathy or other
neurologic abnormality. Pathologically, the calcifications have been noted in the parenchyma and
surrounding small and medium-sized blood vessels accompanied by inflammation (Fig. 11) (3,
5). The changes appear to be related to HIV
infection of the central nervous system (CNS).
Calcification of the arterial wall, termed calcific
arteriopathy, has also been described (Fig. 11)
(17). The presence of intracranial calcifications
represents an important difference between children and adults with HIV infection, inasmuch as
calcifications have not been a prominent feature
in adults (5, 9).
Another important difference between infected
children and adults has been the rarity of focal
intracranial neoplastic or infectious lesions reported in children (8, 18, 19). Our findings support these previous observations. A focal enhancing lesion was only observed in one child in our
study group (Fig. 8). This area may have represented an intracranial foci of infection, however
no organisms were seen and special immunofluorescent stains were not performed on postmortem examination 1 month following CT. Intracranial abscesses were noted on postmortem
examination in one child who died of systemic
candidiasis; however, no imaging examination
had been performed immediately prior to death;
CT was performed 11 months prior to death.
Intracranial neoplasms were not identified in any
child.
Intracranial hemorrhage and infarction are infrequent complications of pediatric AIDS (20, 21).
Intracranial hemorrhage has been reported in children with AIDS in the setting of a hemorrhagic
diathesis from severe thrombocytopenia as in our
three cases (Figs. 4 and 5). Hemorrhage has also
been noted in adult AIDS patients associated with
CNS neoplasia (21). Two types of nonhemorrhagic infarction have been reported. These include multifocal microinfarctions or large areas
of encephalomalacia as seen in our case (Fig. 6).
Proposed etiologies for nonhemorrhagic infarction include arteriopathy and necrotizing encephalopathy (22).
Central diabetes insipidus has been observed
with a variety of lesions that damage the hypo
thalamohypophyseal tract, including encephalitis.
Prior reports have indicated that the high signal
intensity in the posterior pituitary on T 1-weighted
images is absent in the presence of central dia-
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betes insipidus as was observed in our case (Fig.
10) (23 , 24). This has led to speculation that the
absence of high signal intensity reflects altered
functional integrity of the posterior pituitary (23).
This MR finding has not been previously reported
in children with AIDS encephalopathy.
This study does not propose to compare the
relative efficacy of CT and MR in identifying
intracranial lesions in children with AIDS. Combined imaging studies were only available in three
children. Additionally, progression of neurologic
disease may occur between the time of imaging
evaluation and the time of death and pathologic
examination. Each imaging examination has been
shown to have an advantage over the other in
the identification of different intracranial lesions
commonly seen in these children. MR is more
sensitive in detecting white matter abnormalities,
while CT is better at demonstrating intracranial
calcifications (11, 13, 25). Further prospective
analysis in a large pediatric population is required
to better define the role of each imaging modality
in this group of children.
The absence of pathologic confirmation in
most cases is another limitation of the study.
Histopathologic correlation was available in only
21 % of cases. Additionally, in three of these
cases, a long interval of time (8-13 months)
ensued between the final premortem CT or MR
examination and death. Any attempt at radiologic-pathologic correlation in this group may be
misleading because of progression of neurologic
disease that might have occurred in that time
interval.
In conclusion, cerebral atrophy, basal ganglia
calcifications, and focal white matter lesions were
the most common abnormalities seen on cranial
imaging evaluation in our population of HIVinfected children. The calcifications were not seen
in the first year of life nor in neurologically normal
children. Cerebral atrophy was a nonspecific finding.
References
1. Ultman MH, Belman A L , Ruff HA, et al. Developmental abnorm alities
in infants and children with AIDS and AIDS-related complex. Dev
Med Child Neuro/ 1985;27:563-57 1
2. Shaw GM , Harper , Hahn ME, et al. HTLV-111 infection in brains of
children and adults with AIDS encephalopath y. Science 1985;227:
177-1 8 1
3. Epstein LG, Sharer LR, Goudsm it J . Neurological and neuropatholog ica l features of huma n im munodeficiency vi rus infection in children. Ann Neuro/1 988;23(suppi):S 19-S23

AJNR: 13, May/June 1992

4. Wiley CA. Belman AL, Dick son DW, Rubenstein A, Nelson JA. Human
immunodeficiency virus within the brains of children with AIDS. C/in
Neuropathol 1990;9: 1-6
5. Belman AL, Ultmann MH , Horoupian D. Neurological complication s
in infants and children with acquired immunodeficiency sy ndrome.
Ann Neural 1985; 180:560-566
6. Classification system for human immunodeficiency virus (H IV) infection under 13 years of age. MMWR 1987;36:225-236
7. Navia BA, Cho ES, Petito CK, Price RW . The AIDS dementia complex.
II. Neuropathology . Ann Neuro/1 986; 19:525-535
8. Price DB, Inglese CM, Jacobs J . Pediatric AIDS, neuroradiologic and
neurodevelopmental findings. Pediatr Radio/1988 ; 18:445-448
9. Lantos G, Belman AL, Dickson D, Horoupian DS, Novick B, Rubenstein A. Brain CT in pediatric patients with acquired immunodefi ciency syndrome. Proceedings of the seventy-second annual m eeting
of Radiological Society of North America. Oak Brook, IL: The Radiological Society of North America , 1986;161(P):100
10. Bradford BF, Abdenour GE, Frank JL, Scott GB, Beeman R. Usual
and unusual radiologic manifestations of acquired immunodeficiency
syndrome (AIDS) and human immunodeficiency vi rus (HIV) infection
in ch ildren . Radio/ C/in North Am 1988;26:341-353
11 . Ch rysikopous HS, Press GA, Graffe MR, Hesselink JR, Wiley CA.
Encephalitis caused by human immunodefi ciency virus: CT and MR
imaging manifestations with clinical and pathologic correlation. Radiology 1990;175:185-191
12. Sharer LR , Epstein LG , Cho E, Joshi VV, et al. Pathologic features of
AIDS encepha lopathy in children: evidence of LAV / HTLV Ill infection
of the brain . Human Patho/1986; 17:281-284
13. Post MJ, Tate LG , Quencer RM , eta!. CT, MR. and pathology in HIV
encephalitis and meningitis. AJNR 1988;9:469-476
14. Olsen WL, Longo FM, Mills CM , Norman D. White matter disease in
AIDS: findings at MR imaging. Radiology 1988; 169:445-448

957
15. Belman AL , Lantos G, Horoupian D, et al. A IDS: calcification of the
basal ganglia in infants and ch ildren. Neurology 1986;36: 1 192-1199
16. Epstein LG , Berman CZ, Sharer LR , Khademi M , Desposito F. Unilatera l calc ification and contrast en hancement of the basa l ganglia in a
child with A IDS encephalopathy. AJNR 1987;8: 163- 165
17. Joshi VV, Powell B, Connor E. et a!. A rteriopa thy in children with
AIDS. Pediatr Pathol1 987;7:26 1-268
18. Epstein LG, DiCarlo FJ, Joshi VV, et al. Primary lymphoma of the
centra l nervous system in ch ildren with acqu ired immunodeficiency
synd rome . Pediatrics 1988;82:355-363
19. Post MJD, Curless G, Gregorios JB, Scott GB, Sheldon JJ. Reactivation of congenital cytom ega lic inclusion disease in an infant with
HTLV-111 associated immunodeficiency: a CT-pathologic correlation.
J Comput A ssist Tomogr 1986; 10:533-536
20. Park YD . Belman AL, Kim T S, et al. Stroke in pediatric acq uired
immunodeficiency syndrome. Ann Neural 1990;28:303-3 11
2 1. Frank Y, Lim W, Kahn E, et al. Multiple ischemic infarcts in a child
with A IDS, varicella zoster infection , and cerebra l vascu liti s. Pediatr
Neural 1989;5:64-67
22. Sn ider WD, Simpson DM, Nielsen S, et al. Neurologica l complications
of acquired immune deficiency sy ndrome : analysis of 50 patients.
Ann Neuro/1983;14:403-418
23. Fuji sawa I, A sa to R, Nishimura K, et al. Anterior and posterior lobe
of the pituitary gland: assessm ent by 1.5T MR imaging. J Comput
Assist Tomogr 1987;11 :2 14-220
24 . Colombo N, Berry I, Kucha rczyk J, et al. Posterior pitu itary gland:
appearance on MR images in normal and pathologic sites. Radiology
1987; 165:481-485
25. Posin J , Mills C. Cran ial MRI in the acquired immunodeficiency
sy ndrome (AIDS): superiority to CT . Magn Reson Med 1985;4:373

