Early Differential Diagnosis of Infantile Neuronal Ceroid
Lipofuscinosis, Rett Syndrome, and Krabbe Disease by CT and MR
Sanna-Leena Vanhanen , Raili Raininko , and Pirkko Santavuori
PURPOSE: To compare earl y radiologic findings in three clini ca lly similar progressive ence ph alopathies of childhood. METHODS: Brain CT and/ or MR studi es were done in 57 children 3 to 36
months of age: 16 with infantile neuronal ceroid lipofusc inosis, 5 w ith Rett syndrome, 6 with K rabbe
disease, and 30 control subject s with normal neurologic statu s. In additio n, prev io us descri pti ons
in the literature were coll ected. RESULTS: No signifi c ant changes we re seen in Rett syndrome.
Earl y atrophy was found in infantile neuronal cero id lipofu scinosis and in Krabbe disease, being
more severe in the latter. The thalami were hyperden se in 4 of 13 patients with infantile neuro nal
ceroid lipofuscinosis and in 1 of 4 pati ents with Krabbe disease (in th e literatu re in 12 of 30
examinations). Cerebral calcifi cations and density abn orm alities in the ce rebral and cerebellar
white matter were seen in Krabbe disease onl y . On MR , th e white matter changes in th e two
diseases were differently located . In every patient with infantile neuronal ceroid li pofu scinosis,
decreased T2 signal was seen in th e thalami and periv entric ula r high- signal rim s after th e age of 13
months. Hypointensity of the thal ami and basal ganglia was seen in both diseases , but Krabbe
disease showed more variations . Abnormaliti es of cerebellar intensity were found in Krabbe disease
only. CONCLUSIONS: CT and MR are of value in the differentia l diagnosi s of th ese three diseases .
MR especially facilitates the earl y diagnosis of infantile neuronal cero id lipofuscino si s.
Index terms: Krabbe disease; Brain , disea ses; Brain , computed t om ograph y ; Brain , m agneti c
resonance ; Pediatric neuroradiology
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Infantile neuronal ceroid lipofuscinosis, Rett
syndrome, and Krabbe disease are progressive
encephalopathies occurring throughout the
world. In the early stages these diseases , although differing in underlying metabolic disorder and in course, have many clinical features in
common. Until now the differential diagnosis
based on clinical features has been difficult, especially between infantile neuronal ceroid lipo-
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fuscinosis and Rett syndrome ( 1). The most
common type of Krabbe disease is the infantile
form , which differs from infantile neuronal ceroid lipofuscinosis and Rett syndrome in both
time of onset and clinical findings, and so usually causes little diagnostic difficulty, although
the differential diagnosis from the late-onset
form of Krabbe disease may be difficult.
Early diagnoses of these diseases is important for counseling the affected families about
future pregnancies. Both infantile neuronal ceroid lipofuscinosis and Krabbe disease are transmitted as autosomal recessive traits. Prenatal
diagnosis, possible for the latter for many years ,
recently became available for infantile neuronal
ceroid lipofuscinosis (2 , 3) .
In this report we present brain computed
tomographic (CT) and magnetic resonance
(MR) findings in infantile neuronal ceroid lipo fuscinosis , Rett syndrome, and Krabbe disease .
We also compare the results for our series with
those of previous reports , to ascertain the value
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of neuroradiologic examinations in the differential diagnosis of these three disorders.
Subjects and Methods
Subjects
Twenty-seven patients were examined : 16 with infantile
neuronal ceroid lipofuscinosis, 5 with Rett syndrome, and
6 with Krabbe disease. The diagnosis of infantile neuronal
ceroid lipofuscinosis was confirmed by electron microscopy in all cases. All the girls with Rett syndrome fulfilled
the criteria for Rett syndrome ( 4) . The diagnosis of Krabbe
disease was confirmed by enzymatic tests. Radiologic examinations were performed at the ages of 3 to 36 months.
The control group consisted of 30 children of the same
age. Of these children, 14 were referred for some nonspecific neurologic complaint such as a single seizure, headache, or dizziness; 16 children were followed up because of
mothers' infectious diseases. The latter group had no clinical symptoms; serologic tests for infectious agents were
negative; and their electroencephalograms were normal.
The neurologic status of all the control subjects, examined
by child neurologists, was normal. The radiologic examinations were made with the consent of the parents and the
Ethics Committee.

earlier in the same institution, and their grossly pathologic
images were recognizable.
Altogether, 27 examinations were performed in infantile
neuronal ceroid lipofuscinosis: 9 patients underwent both
CT and MR; 4 patients underwent CT only ; and 3 patients
MR only. One child was examined three times with MR, at
3 , 13, and 19 months of age . He was followed up primarily
because of congenital toxoplasmosis confirmed by serologic tests. His psychomotor development and electroencephalogram were normal, but he had slight left-sided
muscular hypertonia. The first symptoms of infantile neuronal ceroid lipofuscinosis became apparent at 15 months.
Nine radiologic examinations were performed in Rett syndrome: 1 patient underwent CT only; and 4 patients underwent both examinations. In addition, 1 girl had a follow-up CT at 5 years of age . Nine examinations were
performed in Krabbe disease: 4 patients with the infantile
form underwent CT only; 1 patient underwent MR only ;
and the only patient with the late-onset form underwent
both CT and MR twice . The control group underwent MR
only, to avoid ionizing irradiation.
The maximum occipitofrontal circumference was measured with a metal tape in every child from birth every 2 to
4 months during the first year of life and about once a year
after that. These values were available during the entire
follow-up time, because head size is monitored in all children until the age of 7 years in our country .

Methods
CT of the brain was performed by the routine technique
without contrast enhancement. Axial sections 4 to 5 mm
thick were used in the posterior fossa and sections 8 to 10
mm thick in the remainder of the brain. MR images were
obtained on a 1.0-T system. After a T1-weighted sagittal
scout image set, axial sections 5 mm thick with gaps of 1
mm were used with the spin-echo sequences 500/ 20/ 2
(repetition time/ echo time/ excitations) and 2500/22 to
90/1 ; in children younger than 1 year of age repetition time
was 3500 milliseconds in the latter image set. Additional
sets of images, mostly T1-weighted sagittal images, were
obtained for most of the subjects. Matrix size was 256 X
256 , and field of view 230 mm. Contrast enhancement was
not used.
CT and MR images were evaluated by two of the authors
in a joint session . The degree of cerebral atrophy was
evaluated from CT images as described in the literature (5 ,
6). The dimensions measured were the diameters of the
frontal horns and bodies of the lateral ventricles, the third
ventricles , the interhemispheric spacees , and the cerebral
sulci. Measures of the lateral ventricles were related to the
diameters of the intracranial spaces . The same criteria
were used for MR images, if appropriate . Evaluation of
sulcal size in the upper sections and in the cerebella was
based largely on the MR experience of the authors . The
images of the control subjects were evaluated first, to test
the validity of the criteria of normality. Then the images of
the patients were evaluated in arbitrary order without clinical information . The readers could not be absolutely
blinded, because some of the children had been examined

Results

The results obtained with the two methods
are combined in Tables 1, 2, and 3 .
Control Subjects
Atrophic Changes. Head size was normal (on
the 50th percentile). Two children examined at
3 to 4 months of age had prominent ambient
cisterns. Otherwise, the control subjects fulfilled
all the criteria of normality.
Density Changes on CT. No changes were
detected in the brain parenchyma.
Intensity Changes on T2-weighted Images.

MR images fulfilled the criteria of normality (7,
8). Maturation progressed according to normal
milestones (7). Between the ages of 13 and 15
months the basal ganglia appeared isointense
with the white matter, attaining hyperintensity
with respect to the adjacent white matter between the ages of 16 and 22 months, after
which the brain had the adult appearance.
Infantile Neuronal Ceroid Lipo{uscinosis
Atrophic Changes. The head size of the
3-month-old child was normal; from the age of
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TABLE 1: Atrophic changes seen in infantile neuronal ceroid lipofuscinosis, Krabbe disease, and
Rett syndrome during the first 3 years of life
Infantile Neurona l Ceroid
Lipofu scinos is
Age , m o
Cerebrum

Brain
Stem ,
Cerebellum

0-1 2
13-18

1/2
9/9

2/2
2/9

19-24
25-36

12/12
4/4
26/ 27

5/ 12
2/4
11 /27

Total

Krabbe Disease

Rett Syndrome

Cerebrum

Brain
Stem ,
Ce rebellum

3/4
1/1
0/ 1
0/ 1
0/ 2
4/ 5
0/4

2/4
1/1
0/1
0/1
0/ 2
3/5
0/4

Infantil e
Infantile
Late-onset
Late-onset
Late-onset
Infantile
Late-onset

Cerebrum

Contro l Subj ects

Bra in
Stem ,
Cerebellum

0/ 2
2/ 7
2/9

0/ 2
0/7
0!9

Cerebrum

Brain
Stem ,
Cerebellum

0/9
0/1 2

2/9
0/1 2

0/ 3
0!6
0/30

0/ 3
0!6
2/30

Note.-Number of exa minations with atrophic changes/total number of exa min ations are given .

12 months all the patients were microcephalic
(head circumference on the 1Oth percentile or
below it). Atrophy (the cerebrospinal fluid-containing spaces were too large in relation to the
size of the intracranial space) was seen from the
age of 12 months onward and generalized atrophy from the a ge of 20 months (Figs 1- 3). The
severity of the atrophy was variable. Cerebral
atrophy was more severe than cerebellar atrophy. The cerebral sulci and the third ventricles
were enlarged most frequently, in 26 of 27 and
in 25 of 27 examinations, respectively. En larged cerebellar sulci and/or dilatation of the
fourth ventricles were seen in 9 of 27 examina-

tions. In one 26 -month-old patient the heads of
the caudate nuclei were markedly reduced in
size. Callosal atrophy was a constant finding
from the age of 13 months . The calvaria were
thickened in patients older than 2 years of age.
Density Changes on CT. The thalami were

hyperdense to the basal ganglia (Fig 1) in 4 of
13 patients between the ages of 16 and 23
months, but the hyperdensity was distinct in
only 1 patient. No white matter changes were
seen.
Intensity Changes on T2-weighted Images.

The brain looked normal at the age of 3 months

TABLE 2 : Abnormal attenuation on CT
Krabbe Disease
Infantile Neuronal Ceroid Lipofusci nosis
Late-onset Form

Infantile Form
No. of patients
No. of exam inat ions
Abnormal
Age (mo) and
abnorma lity

13

16

4
4
3
7

Slightly hyperdense thalami

Slightly hyperdense thalami

13
4

1

2
2
17
Calcific ation s in the
thalami and
putamin a

Hypodensity in the left frontal white matter
Increased density difference between
cerebellar white and gray matter

17

8

26

Hyperdense thalami

Calcified foci in the centra semioval e and at
the lateral margins of the basal gang lia

Cal cific ations in th e
putamina and in th e
right thalamus

18

10

Slightly hyperdense thalam i

Suspect hypodensity of the white m atter
Increased density difference between
cerebellar white and gray matter

23
Slightl y hyperdense thalami

Rett
Syndro me

5
5
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TABLE 3: Abnormal intensity relationships between the brain structures in infantile neuronal ceroid lipofuscinosis,
Krabbe disease, and Rett syndrome on T2-weighted MR images
Krabbe Disease
Infantile Neuronal Ceroid Lipofuscinosis
Infantile Form
No. of patients
No. of examin ations
Abnormal
Age (mo) and
abnormality

12
14
13
13-26
Strong hypointensity of
thalami to central white
matter and to basal
gangli a (13/13)

Periventricular high-signal
rims (13/13)

Late-onset Form

7
2
2
19 and 31

16
Hyperintense foci in the tha lami
(1/1)

Rett
Syndrome

4
4
0

Putamina isointense to the white
matter and hyperintense to the
other basel ganglia and thalami

(2/2)
Strong hyperintensity of white
matter around the trigoni and
posterior bodies of the lateral
ventricles ( 1/1)
Corpus callosum hyperintense to
central white matter, small
hyperintense foci in the internal
capsules (1 I 1)

Whole cerebral white matter
hyperintense to cortica l gray
matter; especially high
intensity in central area (2/2)

17-26
Basal ganglia hypointense to
central white matter ( 8/11 )
Larger deep white matter
hyperintensity (2/11)
19-26
Peripheral cerebra l white
matter hyperintense to
cortical gray matter (9/9)
Note.-Numbers of examinations with abnormal intensities/tota l numbers of examinations are given in parentheses.

in the examination performed for toxoplasmosis. The most striking and permanent findings in
infantile neuronal ceroid lipofuscinosis were
strong thalamic hypointensity with respect to
the white matter and the basal ganglia and thin
high-signal rims around the entire lateral ventricles, except in the temporal lobes, from the
age of 13 months onward (Figs 2 and 3). Hyperintensities posterior to the trigoni, normally
noticed on T2-weighted images from the age
of approximately 15 months onward (8), were
extremely strong in nine patients, being of the
intensity of the cerebrospinal fluid. The deep
white matter, except for the periventricular
high-signal rims, remained hypointense to the
peripheral white matter in all except two patients, aged 17 and 24 months. The increased
intensity of the peripheral white matter in relation to the cortical gray matter became distinct at the age of 19 months (Fig 38). The
maturation of the subcortical white matter of
the precentral gyrus progressed normally until
the age of 16 months. In three patients, this
area still remained hypointense to the other
(abnormal) areas of the peripheral white mat-

Fig 1. Infantile neuronal ceroid lipofuscinosis, 16-month-old
girl. CT shows a dilated third ventricle and enlarged cerebral sulci.
Sizes of the lateral ventricles are still within normal limits. The
thalami are slightly hyperdense to the basal ganglia, and the white
matter looks normal.
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Fig 2. Infantile neuronal ceroid lipofusc inosis, 13-month-old girl, T2 -weighted
spin -echo (2500/ 90) MR images. Su lci and
the third ventricle are sl ightly enlarged. Corpus ca llosum is thin (A) . Thalamic hypointensity is strikin g. Periventricular high -signal rims are we ll seen (A and B). Peripheral
white matter is more hyperintense to the
cortica l gray matter than in healthy chi ld ren
at thi s age .

A

B

ter at the ages of 23 to 26 months . In five patients this region did not differ from the adja cent pathologic areas after the age of 1 7
months; in four other patients some foci of
normal lower intensity were detected. The
basal ganglia were all of equal intensity and
were hypointense to the adjacent white matter
from the age of 1 7 months onward, which is
the reverse of normal development (Fig 3A).
However, the basal ganglia always had a
higher signal intensity than the thalami. The
corpus callosum retained normal intensity in
every patient, despite the loss of volume. No
distinct abnormality of intensity was seen in
the cerebellum.

Rett Syndrome
Atrophic Changes. The head sizes of these
girls were either normal or abnormally small
(on the 50th percentile or below the 1Oth
percentile). Slightly enlarged cerebral sulci
were noted in two of nine examinations (head
size was normal) , and one of these two also
showed slight dilatation of the third ventricle.
The girl followed up from the age of 22
months showed some enlarged sulci only at 5
years.
Density Changes on CT. No pathologic attenuation was detected in the brain parenchyma .
Fig 3 . Infantile neuronal ceroid lipofusci nosis, 19-month-old boy with severe generalized atrophy. T2-weighted spin -echo
(2500/90) MR images show decreased T2
signa l of the thalami and high-signal rims
around the ventricles (A and B) . The basal
ganglia look hypointense to white matter.
The signal intensity of the peripheral white
matter and cortical gray matter is reverse to
normal.
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even at the age of 7 months and became severe
at 10 months (Figs 4 and 5). The enlargement
of the third ventricle was most severe. Cerebellar atrophy was not seen, but two of five examinations showed slightly enlarged ambient cisterns. In the only patient examined with MR, the
heads of the caudate nuclei (Fig SA) and the
mesencephalon were reduced in size at the age
of 16 months . The head size of the only child
with the late-onset form was small (below the
second percentile from the age of 15 months).
She had no atrophy on CT at the ages of 17 (Fig
6) or 26 months , but MR, first performed at the
age of 19 months , revealed callosal atrophy.

Fi g 4. Infantile form of K ra bbe disease, 1 0 -m onth -old girl. CT
shows increased density difference between central cerebellar
white and gray m atter. The difference between the pons and
centra l cerebellar white m atter is also abnorm all y high . A reas with
lowest density are m arked with arrows.

Intensity Changes on MR. There were no sig-

nificant intensity changes .
Krabbe Disease
Atrophic Changes. All the children with the
infantile form were microcephalic (below the
1Oth percentile) . Cerebral atrophy was evident

Density Changes on CT. Slight thalamic hyperdensity was seen in one of four patients and
calcified foci in the cerebral white matter in one
of four patients with the infantile form ; two of
four patients had obvious or probable cerebral
and cerebellar white matter hypodensity. All the
children with the infantile form had undergone
CT before the age of 12 months .
In the only child with the late-onset form ,
calcifications were seen in the thalami and putamina from the age of 17 months (Fig 6). No
white matter changes were revealed.
Intensity Changes on T2-w eighted Images. In
the infantile form , abnormal high signal intensity was noted in the white matter around the
trigoni and posterior bodies of the lateral ventricles at the age of 16 months (Fig 58). High
signal intensity was also observed in the corpus

Fig 5. Infantil e fo rm of K rabbe disease,
16 -month -o ld girl w ith severe genera lized
atrophy , T 2 -weig hted spin -echo (2500/90 )
MR images. The sig nal intensity of the white
m atter is increased around the trigoni and
th e posteri or bodies of the lateral ve ntricles
(B) . Th e corpus ca llosum is also of high
signal intensity (A and B). High -s ignal foc i
are shown in the lateral posterior nuclei of
th e thalami (A).

A

B
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central area (Fig 7) . The difference in intensity
between the central and peripheral areas
seemed to be less at 31 months than at 19
months. The thalami were hypointense to the
adjacent white matter. The basal ganglia
showed variable intensities (Table 3 and Fig
7 A). There was no abnormality of intensity in
the cerebellum.
Discussion

Fig 6. Late-onset form of Krabbe disease, 17 -month-old girl.
CT shows calcifications in both putamina and in the left thalamus .

callosum and focally in the anterior limbs of the
internal capsules. The lateral posterior nuclei of
the thalami showed high signal intensity (Fig
5A) . No distinct abnormality of intensity was
seen in the cerebellum.
In this case of the late-onset form the entire
white matter was hyperintense to the cortical
gray matter on T2-weighted images at the age
of 19 months; the intensity was highest in the

The group of diseases known as neuronal
ceroid lipofuscinoses is one of the most common progressive encephalopathies (9, 1 0) . The
diagnosis of the infantile type (infantile neuronal
ceroid lipofuscinosis) has been based on neurophysiologic and ophthalmologic findings at
around 20 to 30 months of age ( 10, 11) and is
confirmed by electron microscopy of a rectal
biopsy specimen, which reveals cytoplasmic in clusions with their typical finely granular structures (12) . The diagnosis of Rett syndrome ,
which affects girls only, is based on clinical
criteria (4). The basic pathogenesis is not yet
known for either disorder. Krabbe disease
(globoid cell leukodystrophy) is caused by deficiency of the enzyme lysosomal hydrolase galactocerebroside ,(3 -galactosidase (,(3-galactocerebrosidase), and the diagnosis can be
confirmed by enzymatic methods . Infantile neuronal ceroid lipofuscinosis and Rett syndrome
present with very similar manifestations in the
very first stages of disease . The rapid regression
Fig 7. Late-onset form of Krabbe di sease , sam e pati ent as in Figure 6 at the age
of 19 m onths, T 2-weighted spin -echo
(2500/ 90 ) MR images. Th e entire white
matter is of abnorm al high signal intensity,
the central area being m ore path olog ic th an
the periph ery. Th e th alami and ca udate nu clei are of similar intensity , but they both are
hypointense to th e putamin a and white
matter.

A

B

1450

VANHANEN

at 1 to 2 years of age with loss of acquired fine
motor skills, learned words, and ability to communicate, and also the successively developing
hand and finger stereotypies are found in both
diseases. Deceleration of head growth occurs
earlier in infantile neuronal ceroid lipofuscinosis, and visual failure is a typical finding in this
disease. The infantile form of Krabbe disease is
characterized by marked irritability and fluctuating muscle tone appearing within 3 to 6
months of birth, followed within a few weeks by
opisthotonus posturing, visual failure, loss of
tendon reflexes, hypertonic fits, intermittent
fevers, and feeding problems. Further psychomotor development ceases, and death occurs 1
to 3 years later. The late-onset form of Krabbe
disease occurs less commonly and is more difficult to diagnose, because it is clinically more
heterogeneous and usually progresses more
slowly. Clinical manifestations appear between
ages 2 (sometimes earlier) and 6 years and
include visual failure, cerebellar ataxia, spastic
hemiparesis, peripheral neuropathy, and dementia. The course of infantile neuronal ceroid
lipofuscinosis, and occasionally of the lateonset form of Krabbe disease ( 13), is extremely
rapid around 2 years of age.
CT is useful in the early diagnosis of both
forms of Krabbe disease , although in the lateonset form it still may be normal at the age of 8
years ( 14) , often revealing high -density areas in
typical locations in the thalami and basal ganglia. Opinions differ about the origin of hyperdensities on CT. The hyperdensity may be related to deposition of galactocerebroside and to
astrogliosis ( 15). Thalamic hyperdensity is
more frequent and distinct than in infantile neuronal ceroid lipofuscinosis. It also has been
found in patients with GM 2 gangliosidoses ( 16)
and sometimes in Alexander disease (17), but
the time of onset and clinical picture are helpful
in differential diagnosis .
The symmetric, punctate high -density areas
may represent calcification after demyelination
( 18). Histologic characteristics of Krabbe disease do not include calcifications; however,
they may have been present in regions not prepared as histologic specimens. Feanny et al
(19) reported periventricular calcifications,
which were confirmed at autopsy in one patient
with the infantile form of Krabbe disease. Calcifications , typically situated in the thalami, basal
ganglia , or corona radiata, have been found in
the infantile form in 10 of 34 examinations ( 15,
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18-22; our cases). Few CT reports (six patients) on the late-onset form of Krabbe disease
are available before the age of 3 years (23-27);
our patient is the seventh. Typical calcifications
have been found in two to five of eight examinations in the late-onset form (23, 25, 27 ; our
patient), in some publications the descriptions
are lacking in clarity. Cerebral calcifications
also have been described in Cockayne disease
(28) , mitochondrial encephalopathies (29),
Alexander disease (17, 30), Fahr syndrome
( 31), tuberous sclerosis, and some infections,
but these diseases all differ from Krabbe disease
in history or clinical symptoms. A typical CT
finding in the leukodystrophies is hypodensity
of the cerebral white matter, but this is relatively
less marked in Krabbe disease than in the other
leukodystrophies (32). In the infantile form of
Krabbe disease it may be seen from the age of 5
months (15, 33) , and in the late-onset form it is
seen in some patients after 15 months of age
(23 , 24) . In the infantile form of Krabbe disease
hyperdense areas appear earlier than the extensive hypodensity of the deep cerebral and cerebellar white matter (15, 20, 34); in the lateonset form of Krabbe disease it is not known
which CT abnormality appears first.
An increased density difference between the
cerebellar white matter and gray matter has
been seen from the age of 5 months in some
patients with the infantile form of Krabbe dis ease. We found it in two of three patients.
MR is more sensitive than CT in demonstrating abnormalities in metabolic diseases. In infantile neuronal ceroid lipofuscinosis the devel opment of the central nervous system looked
normal during the first months of life. It is noteworthy that pathologic findings were detected at
the age of 13 months in a child who did not yet
have clinical symptoms of infantile neuronal
ceroid lipofuscinosis. It is not known at what age
the intensity changes and atrophy appeared,
but MR of the same child revealed no abnormalities at the age of 3 months. In most cases
deceleration of head growth begins before the
appearance of clinical signs of the disease ( 10;
the present study), and now we have shown that
there also may be MR findings of the disease
before any symptoms are manifested. Strong
thalamic hypointensity with respect to the white
matter and to the basal ganglia and thin
periventricular high-signal rims from 13 months
onward were typical early findings on T2weighted images. It is interesting that the same
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kinds of periventricular high-signal rims have
been detected in older children in another neuronal ceroid lipofuscinosis disease, variant
Jansky-Bielschowsky disease (variant lateinfantile neuronal ceroid lipofuscinosis) (35).
The periventricular signal intensity may be relatively high in some healthy children, and it
may be enhanced with some sequences, but the
difference between healthy children and those
with infantile neuronal ceroid lipofuscinosis is
obvious when images obtained by the same
technique are compared. In most cases the
deep white matter, except the periventricular
high-T2 signal areas, still remained hypointense
to the peripheral white matter (Table 3), but the
peripheral white matter became hyperintense to
the cortical gray matter, indicating a pathologic
process in these areas of the cerebral white
matter.
A few brain biopsy results are available (36).
One 20-month-old patient with infantile neuronal ceroid lipofuscinosis showed neuronal storage, incipient loss of cortical neurons, and gliosis. Most of the axons and myelin sheaths
seemed to be preserved; however, the number
of astrocytes was increased, indicating incipient tissue destruction. In contrast, histologic
examinations of autopsy specimens from patients 9 to 10 years old showed almost complete loss of cortical neurons, as well as of axons and myelin sheaths in the white matter
(37) . Loss of myelin thus seems to be caused
by wallerian degeneration.
According to our findings, which are consistent with these neuropathologic observations,
myelination seems to start normally in infantile
neuronal ceroid lipofuscinosis but begins to deviate by the age of 19 months. MR images are
compatible with myelin degradation. Wallerian
degeneration (38) and increased white matter
interstitial fluid may account for the increased
white matter intensity. The subcortical white
matter under the precentral gyrus remained hypointense to the subcortical white matter, at
least focally, in other locations; this may be
because of spared white matter islands. This is
in agreement with histologic studies, which
showed that the giant Betz cells in the precentral
gyrus and the myelinated fibers in the white
matter were preserved longer under the precentral gyri than elsewhere (3 7).
The decrease in basal ganglionic and thalamic signals on T2-weighted images is generally thought to be caused by increased deposi-
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tion of iron (39, 40) , this being perhaps a
nonspecific response to degeneration and decreased neurotransmitter synthesis. The accumulation of iron may be associated with the
intracellular storage of lipofuscin in the nerve
cells in neuronal ceroid lipofuscinosis disorders
(41, 42). However, other investigators (43, 44)
have not found such a concentration of iron in
ceroid or lipofuscin. Lipofuscin does not significantly or specifically affect T2 relaxivity (39).
No histologic reports were available concerning
the thalami or basal ganglia of young patients
with infantile neuronal ceroid lipofuscinosis
(younger than 3 years of age).
In the infantile form of Krabbe disease
cerebral, and often also cerebellar, intensity
changes on T2-weighted images combined with
evident cerebral atrophy appear early during
the first year of life ( 18, 21, 22, 45-48; the
present study). In the late-onset form, atrophy
may be absent ( 14) . In both forms, white matter
involvement usually begins from the parietal
periventricular area then extends in all directions, but on T2-weighted images the site of the
primary abnormality may vary. Thus the radiologic distinction between the leukodystrophies
is not clear. Abnormal intensities are noticed
early in the corpus callosum and internal capsules on T2-weighted images. These structures
were not involved in infantile neuronal ceroid
lipofuscinosis. Another difference between
these two diseases is that abnormalities of cerebellar intensity on T2-weighted images are not
seen in patients with infantile neuronal ceroid
lipofuscinosis in these age groups. In the previous reports concerning Krabbe disease, cerebellar hyperintensities were seen in most of the
patients with the infantile form (66%) (18, 22,
45 , 47). They have not been found in the lateonset form, but reports of this form are few . We
did not find these changes in either form of the
disease . In both forms of Krabbe disease, the
thalami and basal ganglia look hypointense to
the adjacent white matter, but there may be foci
with higher signal intensities , or one of these
structures may differ from the others. In all leukodystrophies decreased T2 signal intensity is
seen in the thalami and basal ganglia (34 , 49,
50), and the thalami may have lower signal
intensities. Solely thalamic hypointensity has
been described in GM 2 gangliosidoses ( 16).
However, these diseases differ clinically from
Krabbe disease and infantile neuronal ceroid
lipofuscinosis, and the evaluation of white mat-
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ter involvement facilitates the diagnosis.
At least 150 girls with Rett syndrome, examined
by some neuroradiologic methods, have been
described in the literature (51-58) (WittEngerstrom I, Rett Syndrome: The Late Infantile
Regression Period, dissertation, University of
Goteborg, Goteborg, Sweden, 1990) . The great
majority of these patients have been older than
ours. A small percentage have had mild to moderate diffuse sulcal enlargement, especially in
the frontal area (57). In patients 5 to 25 years of
age global cerebral hypoplasia, progressive
cerebellar atrophy increasing with age, and hypoplasia of the corpus callosum have been
found (58) . We observed mild cerebral atrophy
in two of nine examinations. Atrophy seemed
not to progress markedly during the first few
years of the disease. No changes in signal intensity have been described in Rett syndrome,
but most of the reports including MR have been
very superficial and seem to be based mainly on
Tl-weighted images. In our four patients, we did
not find abnormalities in signal intensity with
any of the sequences used.
Conclusions

Radiologic diagnosis of infantile neuronal
ceroid lipofuscinosis can be made when the following criteria are fulfilled on MR: decreased T2
signal in the thalami, high-signal rims in the
periventricular white matter, and variable cerebral atrophy, although the atrophy of the corpus
callosum is constant. Cerebellar atrophy is less
obvious. The basal ganglia are hypointense to
the adjacent white matter from the age of 1 7
months, and the peripheral cerebral white matter is hyperintense to the cortex from the age of
19 months on T2-weighted images.
Krabbe disease can be diagnosed in a relatively specific way by MR and CT. White matter
hyperintensities , usually beginning in the parietal periventricular areas, are seen on T2weighted images during the first year of life in
the infantile type and after the age of 16 to 17
months in the late-onset type. Extension into
the splenium and internal capsules is common,
and in most cases the cerebellar white matter is
involved. The thalami and basal ganglia show
variable intensities on T2 -weighted images.
Early cerebral atrophy is typical of the infantile,
but not of the late -onset, type. CT is diagnosti cally valuable in demonstrating parenchymal ,
mostly cerebral , calcifications or diffuse hyper-
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density of the thalami or basal ganglia in about
55% of the patients.
The majority of patients with Rett syndrome
have no radiologic abnormalities, and the rest
have only slight nonspecific atrophy. However,
the absence of radiologic abnormalities is of
value to the clinician in differential diagnostic
problems.
Thus, MR, perhaps supplemented with CT if
Krabbe disease is suspected, is a helpful tool in
the clinical diagnosis of these three disorders ,
and it facilitates the early diagnosis of infantile
neuronal ceroid lipofuscinosis in particular.
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