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The Mucopolysaccharidoses: Characterization by Cranial MR Imaging 

Charles Lee, Timothy E. Dineen, Mitchell Brack, John E. Kirsch, and Val M. Runge 

PURPOSE: To characterize MR findings in mucopolysaccharidoses (MPS), to aid in diagnosis and 
categorization, and to define the role of MR in preoperative evaluation. MATERIALS AND 
METHODS: Six children with Hurler syndrome (MPS IH), five with Hunter syndrome (MPS II) , and 
three with Sanfilippo A syndrome (MPS IliA) were studied by routine Tl-weighted and T2-weighted 

images at 1.5 T . MR findings were graded retrospectively. RESULTS: All had hallmark cribriform 
changes (sieve-like or multicystic) involving peri- and supraventricular, parietal , white matter (12), 
corpus callosum (8), and basal ganglia (4), which did not enhance. The cerebellum and brain stem 

were not involved with these cribriform changes. The most severe degree of cribriform changes 
occurred in children with Hunter and Hurler syndromes, correlating with non-central nervous 
system somatic involvement, but inversely related to degree of atrophy, ventricular enlargement, 
and white matter changes. Mental retardation was most severe in children with Hurler syndrome 

and correlated with chronicity of the disease. Severity of mental retardation did not correlate with 
severity of cribriform changes. CONCLUSIONS: Based on our observations, we postulate that in 
the natural course of MPS, cribriform changes occurred first , followed by white-matter changes 

and, last, atrophy. More severe degrees of cribriform changes plus involvement of the corpus 
callosum may suggest a poorer prognosis. Optimal therapeutic intervention may be at the time of 

cribriform changes before atrophy has occurred. MR can define and grade these changes. 

Index terms: Degenerative brain disease; Brain, magnetic resonance; Pediatric neuroradiology 
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Mucopolysaccharidosis (MPS) is caused by in
herited lysosomal enzyme deficiencies, which re
sult in deposition of glycosaminoglycans (GAG) 
in subendothelial locations in the central nervous 
system (CNS) and other organ systems, resulting 
in dysfunction. All of the MPSs are autosomal 
recessive inherited except Hunter syndrome, 
which is X-linked recessive. The classification is 
complex (1), consisting of five major types with 
variable clinical manifestations: Hurler (MPS IH), 
Scheie (MPS IS), Hunter (MPS II, mild and severe), 
Sanfilippo (MPS Ill A-D), and Morquio (MPS IV A 
and B) syndromes. Other types include Maro-
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teaux-Lamy (MPS VI) and Sly (MPS VII) syn
dromes. The progression of disease is relentless 
and chronic with eventual multisystem involve
ment, musculoskeletal dysostosis, abnormal fa
cies, neurosensory disorders, and mental retar
dation. Severe mental retardation occurs with the 
Hurler, Hunter, and Sanfilippo A types. 

Recently, implementation of allogenic bone
marrow transplantation has resulted in dramatic 
reversal of the various systemic manifestations 
of the disease and even reversal of CNS findings 
on magnetic resonance (MR) ( 1, 2). Therefore, 
the role of MR becomes increasingly impor
tant not only in preoperative evaluation but 
also in monitoring response to bone-marrow 
transplantation. 

We report our experience with 14 patients who 
came to the bone-marrow transplant service be
cause preoperative MR evaluation demonstrated 
characteristic CNS findings, which may have 
prognostic value. MR also demonstrated various 
types of radiologic changes that we felt illustrated 
the natural course of MPS intracranially. 

1285 
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Materials and Methods 

A total of 14 patients with MPS came to the bone 
marrow transplant service, of which there were six with 
Hurler syndrome (MPS lH), five with Hunter syndrome (MPS 
II, severe), and three with Sanfilippo A syndrome (MPS 
IliA). Specific diagnosis of MPS was established by a com
bination of urinary analysis for glycosaminoglycans and 
cultured fibroblast enzyme assays. 

All were studied by MR and eight with gadopentetate 
dimeglumine (the other six were 2 years of age or younger) 
on a 1.5-T unit using routine axial T1-weighted (600/22/ 
1) (repetition time/echo time/excitations) and T2-weighted 
pulse sequences (2500/30, 90/1) with sagittal and coronal 
T1-weighted views. All patients were evaluated for the 
numbers and sizes of cribriform lesions on the T1-weighted 
images, degree of atrophy and ventricular enlargement, 
myelination delay on T2-weighted images, and abnormal, 
increased signal intensity in the periventricular white matter 
on T2-weighted images. 

There were multiple cystic or sieve-like lesions of the 
white matter, which we defined as cribriform changes. The 
degree of cribriform changes were graded as follows: 0 = 
none, 1 = mild ( 1 0 or less small cystic areas on T 1-
weighted images located in peri- and supraventricular white 
matter <3 mm in size) (Fig 1 ), 2 = moderate (more than 

10 small cystic areas on T1-weighted images but with basal 
ganglia and corpus callosum involvement as well) , and 3 
= severe (many small and large (>3 mm) cysts, involving 
all of the above areas) (Fig 2A). 

The degree of atrophy was graded as follows: 0 = none, 
1 = mild (mild prominence and widening of the Sylvian 
and interhemispheric fissure by <3 mm, but not all of the 
sulci are involved) (Fig 2D), 2 = moderate (widening of all 
fissures and gyri from 3 to 5 mm, with visualization of the 
entire mesencephalic cistern) (Fig 3A), and 3 = severe 
(widening of all fissures and gyri >5 mm with definite loss 

Fig. 1. Four-year-old patient with 
Sanfilippo A syndrome (MPS IliA). 

A, Axial Tl-weighted image showing 
cribriform changes in the left lentiform 
nuclei graded as mild involvement. 

B, Axial intermediate T2-weighted im
age showing increased signal in the peri
ventricular white matter graded as mod
erately severe. The ventricles are mod
erately enlarged. 

A 
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of cortex and white matter). Likewise the degree of ven
tricular enlargement was graded as follows: 0 = none, 1 = 
mild (<3-mm widening of the Ill but no temporal horn 
dilatation) (Fig. 2D), 2 = moderate (widening of the ventri
cles >5 mm but <1 em) (Fig 18), and 3 =severe (>1-cm 
dilatation of ventricle with bulbous configuration). With 
severe ventricular enlargement, it was difficult to differen
tiate hydrocephalus from ex vacuo dilatation. 

White matter signal changes on the T2-weighted images 
were graded as 0 = none, 1 = mild (thin [<3 mm thick]. 
patchy, or focal areas of increased signal in periventricular 
white matter) (Fig 2D), 2 = moderate (confluent thicker 
areas [4 to 10 mm] of increased signals with polar capping) 
(Figs 18, 4), and 3 =marked (areas >1 em thick) (Fig 38). 
The increased signal changes did not conform morpholog
ically to the increased signal of immature white matter 
seen on T2-weighted images in healthy children. 

Delay in myelination was graded by comparing the 
images of the children with MPS to published images with 
age-related white matter development in healthy children. 
We used Barkovich's approach to assessment based on 
expected milestones at 1.5 T (3). The normal adult pattern 
is expected at 18 months on the T2-weighted images. 
Because the children whom we studied were ages 1 year 
and older, all were expected to and did demonstrate hy
pointensity of the cerebellar white matter, corpus callosum, 
and at least the anterior limb of the internal capsule on the 
T2-weighted images. 

Grading of myelination delay was as follows: 0 = no 
delay, 1 = mild (normal arborization pattern of forceps, 
but thinner than what one sees in a normal 18-month-old 
child), 2 = moderate (decrease in or lack of arborization 
pattern of forceps as well as thinner regions, or with 
milestones equivalent to that expected only for a 1-year
old child), and 3 = severe (lack of normal arborization with 
minimal patchy areas of hypointensity if any in the forceps). 

B 
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Fig. 2. Two-year-old boy with severe form of Hunter syndrome (MPS II severe). 
A, Axial Tl-weighted image showing multiple cribriform lesions graded as severe 

involvement. Lesions are located in the supraventricular frontal and parietal white 
matter. The cribriform lesions appear as low signal intensity. 

B, Sagittal Tl-weighted image just off the midline showing numerous lesions in a 
pericallosal location. Lesions are oriented perpendicular to the long axis of the 
callosum. 

C, Sagittal Tl-weighted image showing corpus callosum involvement graded as 
moderate involvement. 

D, Intermediate T2-weighted image showing increased signal intensity in the 
periventricular white matter graded as mi ld. There is no significant atrophy or 
ventricular enlargement. 

Fig. 3. Two-year-old patient with 
Hurler syndrome (MPS IH). 

A, Coronal Tl-weighted image show
ing cribriform lesions in the corpus cal
losum, temporal lobe, and supraventric
ular white matter. Note a moderate de
gree of cerebral atrophy . 

B, Axial intermediate T2-weighted im
age showing increased signal intensity in 
the periventricular white matter graded 
as severe involvement. Note the apparent 
filling defects (arrow) bilaterally in the 
posterior periventricular, abnormal signal 
in the white matter representing the crib
riform lesions, which are isointense 
with respect to brain on proton density 
images. 

Degree of mental retardation was assessed by the clinical 
service and classified as mild, moderate, or severe based 
on social and communication skills. The criteria of the 
Diagnostic and Statistical Manual of Mental Disorders (third 
revised edition) of the American Psychiatric Association 
was used, because the majority of patients were too young 
for standard intelligence tests (4). Only two had taken 
intelligence 

According to this manual , mild retardation constitutes 
the educational category of "educable. " These patients 
develop social and communication skills commensurate 
with preschool years but have minimal sensorimotor im
pairment. Moderate retardation falls into the education 
category of "trainable." These chi ldren may learn to talk in 
the preschool years but rarely progress beyond the second 
grade level in academic skills. Those with severe retardation 
do not develop social or communicative skills in the pre
school years and have poor motor development. We as-

quotient tests and were found to have severe mental 
retardation . 
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Fig. 4. One-year-old patient with Hurler syndrome (MPS IH). 
Axial intermediate T2-weighted image showing increased signal 
in the periventricular white matter graded as moderate changes. 

signed m ental retardation the following numerical values, 
based on the clinical assessments: 0 = none, 1 = mild 
retardation , 2 = moderate retardation, and 3 = severe 
retardation. 

Composite scores of cribriform changes in all areas 
combined, of atrophy plus ventricular enlargement, and of 
delay in myelination of white matter and white matter
increased signal intensity changes were created so that 
relative comparisons could be made among the various 
categories being graded. (Table 1). We have not had the 
opportunity as of yet to reevaluate these patients with MR 
after bone marrow transplantation. 

Results 

There were six patients with Hurler syndrome, 
five ranging from ages 1 to 2 years and one 14-
year-old patient, five with Hunter syndrome (se
vere type) ranging from 2 to 10 years age, and 
three with Sanfilippo A syndrome ranging from 
3-4 years of age. In the Hunter group three 
patients were brothers. 

All of these patients exhibited cribriform or 
cystic changes: low signal intensity with respect 
to white matter on the T1-wieghted images , isoin
tense on proton density images, and high signal 
intensity on the T2-weighted images. These le
sions varied in size from 2 to 8 mm in the largest. 
Of the eight patients older than 2 years, no 
abnormal contrast enhancement of these cribri
form lesions was noted with gadopentetate di
meglumine. In all but two patients the peri- and 
supraventricular white matter were involved. The 
latter two patients belonged to the Sanfilippo A 
group with mild cribriform changes either in the 
corpus callosum or basal ganglia. In general the 
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degree of cribriform changes was graded as mild 
in patients with Sanfilippo A syndrome. The de
gree of cribriform changes was more severe in 
patients with Hunter and Hurler syndromes (Table 
1 ). There was no difference in the degree of 
cribriform changes between patients with Hurler 
syndrome and those with Hunter syndrome. 

The posterior frontal and anterior parietal su
praventricular regions were most commonly in
volved with cribriform changes (Fig 2A). In pa
tients graded as severe, the cribriform changes 
involved the temporal and inferior frontal lobes, 
corpus callosum (Fig 2C), and basal ganglia in 
addition to the frontal and parietal regions. Cor
pus callosum involvement occurred more often 
in children with Hunter and Hurler syndromes 
(Table 1). The long axis of these cribriform lesions 
was oriented parallel to the fibers of the corpus 
callosum or perpendicular to the long axis of the 
corpus. 

There was increased signal in the periventric
ular white matter on T2-weighted images in 12 
of 14 patients which, was graded as mild in the 
majority (8 of 12). There were two patients with 
Hunter or Sanfilippo A syndrome graded as mod
erate increase in signal intensity and two with 
Hurler syndrome, graded as severe increase. 
These changes of increased signals were better 
demonstrated on the proton density images 
(Fig 18). 

Because the white matter changes were focal , 
or confluent, and did not conform to the ventric
ular outline, it was felt that the increased signal 
in the white matter was not attributable to trans
ependymal cerebrospinal fluid flow cause by hy
drocephalus. Nor did they correspond to the an
atomic distribution of increased signal seen on 
T2-weighted images in healthy children with im
mature white matter. Therefore these were not 
felt to represent increased signal from immature 
white matter. The cribriform lesions appeared as 
filling defects , or areas of hypointensity within 
the areas of abnormal signal in the white matter 
on the proton density images (Fig 38). 

There was myelination delay in all patients, 
with the majority (8 of 14) being graded either 
moderate (3 patients) or severe (5 patients). De
gree of myelination delay was the least in the 
children with Sanfilippo A syndrome. In some 
children there was such severe loss of white 
matter, evident by the degree of atrophy, that it 
was difficult to determine whether the lack of 
hypointensity on the heavily T2-weighted images 
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TABLE J: MR changes in MPS 

Hunter Hurler Sanfilippo A 

2 3 4 5 6 7 8 9 10 11 12 13 14 

Cribriform changes 

Supraventricular brain 2 3 2 2 2 2 3 1 2 2 2 0 0 1 
Corpus callosum 2 3 1 1 0 0 3 0 2 0 0 0 
Basal ganglia 0 1 0 0 0 0 0 0 1 2 0 0 0 
Total score 4 6 3 3 2 2 6 1 5 4 4 

Atrophy and ventricular enlargement 

Atrophy 0 1 0 1 3 2 3 0 2 
Ventricular enlargement 0 1 2 0 3 3 2 3 1 2 0 
Total score 2 0 2 3 3 0 4 6 4 6 2 4 

Myelination delay and signal change 

Myelination delay 3 2 3 3 1 2 3 1 3 2 
White matter increased signal 0 1 1 2 1 3 3 1 1 2 0 
Total score 3 2 3 5 4 2 5 6 2 4 2 3 3 

Degree of mental retardation 2 1 3 1 2 3 1 1 1 
Age 4 2 8 5 10 2 2 14 2 4 4 3 
Megacisterna magna + + + 
Posterior fossa arachnoid cyst + + + + + 
Temporal fossa arachnoid cyst + + + 
Chiari type I + 

Scale: 0 = none, 1 = mild, 2 = moderate, 3 = severe. See text for full explanation. 

was caused by myelination delay or by absence 
of any white matter. 

Atrophy and ventricular enlargement appeared 
to be more severe in patients with Hurler syn
drome (Table 1). The degree of atrophy and 
ventricular enlargement was graded as mildest in 
the patients with Hunter syndrome. It was difficult 
to separate ex vacuo dilatation of the ventricles 
from hydrocephalus in all cases. Nevertheless, in 
general the degree of cerebral atrophy correlated 
with the degree of ventricular enlargement, mak
ing ex vacuo dilation most likely in the majority 
of the patients. 

Mental retardation was more severe in the 
patients with Hunter or Hurler syndrome and 
milder in the patients with Sanfilippo A syn
drome. The most severe degrees of mental retar
dation occurred in the two oldest children. 

Correlating the various categories, we found in 
the children with Hunter syndrome, when the 
cribiform changes were graded as severe, the 
degree of white matter changes, atrophy, and 
ventricular enlargement were not as severe, and 
vice-versa. However, the degree of mental retar
dation did parallel the degree of white matter 
changes and especially the degrees of atrophy 
and ventricular enlargement. There was no cor
relation between the degree of cribriform changes 
and the degree of mental retardation. 

In the children with Hurler syndrome, with the 
exception of one (patient 7 in Table 1), we found 
a similar inverse correlation occurred between the 

degree of cribriform changes and the degrees of 
white matter changes, atrophy, and ventricular 
enlargement; when the degree of cribriform 
changes was graded as severe, the degrees of 
white matter changes, atrophy, and ventricular 
enlargement were less severe, being mild or mod
erate. Likewise the degree of mental retardation 
parallelled the degree of white matter changes 
and atrophy and ventricular enlargement. There 
was no correlation between the degree of cribri
form changes and degree of mental retardation. 

In the children with Sanfilippo A syndrome, we 
found a similar inverse correlation between the 
degree of cribriform changes and the degrees of 
white matter changes, atrophy, and ventricular 
enlargement. However, because the degree of 
mental retardation was mild in all of these pa
tients, there appeared to be no correlation with 
the degree of cribriform changes, white matter 
changes, atrophy, or ventricular enlargement. 

There were eight patients with associated cysts 
of the posterior fossa . Three had megacisterna 
magnas or Dandy-Walker complexes (5) with 
communication between the cyst and fourth ven
tricle, enlargement of the posterior fossa, and 
atrophy of the vermis. Of these three children 
two were brothers with Hunter syndrome (the 
third brother had no congenital anomalies). The 
other megacisterna magna occurred in a child 
with Hurler syndrome. Another child with Hurler 
syndrome had a Chiari type I hind-brain malfor
mation but no associated syrinx of the spinal 
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cord. There were five with posterior fossa cysts, 
of which two were in children with Hunter syn
drome and one with Hurler syndrome. The other 
two posterior fossa cysts occurred in children 
with Sanfilippo A syndrome. There were also 
three children with Hurler syndrome who also had 
temporal fossa arachnoid cysts medial to the 
temporal lobe; one of these three also had a 
megacisterna magna. 

Discussion 

MPSs are genetically inherited disorders of me
tabolism of GAG with lack of glycosidase, sulfa
tase, and nonhydrolytic transferase enzymes. The 
nondegraded GAG molecules accumulate in cells, 
tissues, and organs within the lysosomes, result
ing in similar clinical presentations but with vari
able degrees of manifestation. 

The Hurler syndrome is the prototypical MPS, 
one of the more severe forms , and is caused by 
lack of a -L-iduronidase. The other two types of 
MPS that we encountered were the severe form 
of Hunter syndrome (lack of iduronate sulfatase) 
and Sanfilippo A syndrome (lack of heparan N
sulfatase). The former two types are associated 
with severe somatic disease and all three with 
severe CNS involvement, which would eventually 
result in profound mental retardation. 

The hallmark MR finding of these three types 
of MPS was the cribriform changes involving 
predominantly the corona radiata and periventric
ular white matter, followed by corpus callosum 
and , last, basal ganglia. The cerebellum, pons, 
and medulla appeared to be spared in our series 
(we do not know of any reports of involvement 
of these areas) . 

These cribriform changes were best appreci
ated on the T1-weighted images and appeared to 
be of low signal intensity, and of high signal 
intensity on the T2-weighted images. Sagittal and 
coronal images increased the detection of corpus 
callosum lesions, which tended to be perpendic
ular to the long axis of the callosum. These lesions 
did not enhance with gadopentetate dimeglu
mine. These have been described as "pits" (6), 
"cystic" (7), and "honeycomb" (8) changes corre
sponding pathologically to perivascular accumu
lation of GAG (9) within foam cells in the Virchow
Robin spaces (2, 1 0- 12). Occurrence of Virchow
Robin spaces normally in the basal ganglia (13) 
probably accounts for the cribriform changes 
found here in MPS (6 , 8). 
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The normal radial orientation (perpendicular to 
the long axis of the corpus callosum) of the white 
matter fibers in the corpus callosum probably 
influences the perpendicular orientation of these 
depositions of GAG (6, 7, 14). The orientation of 
the penetrating arterioles of the corpus callosum 
(arising from the pericallosal artery) is also per
pendicular to the long axis of the corpus (15) and 
may influence the orientation of the GAG mole
cules , which tend to accumulate in the perivas
cular spaces. 

Within our series there appeared to be an 
inverse relationship between the degree of crib
riform changes and the degrees of atrophy, ven
tricular enlargement, and white matter changes. 
On the other hand, there did appear to be corre
lation with the degree of cribriform changes and 
nonsomatic expression of the disease docu
mented by visceral organ involvement, and mus
culoskeletal abnormalities. Those patients with 
Hurler and Hunter syndromes graded as having 
severe cribriform changes often had multiple or
gan involvement, such as that of the liver and 
kidney, with impaired functions and severe mus
culoskeletal deformities. Involvement of the cor
pus callosum and basal ganglia occurred more 
often in patients graded as having severe cribri
form changes. Involvement of the corpus cal
losum occurred more often with Hunter syn
drome, less often with Hurler syndrome. 

Degree of mental retardation did not correlate 
to degree of cribriform changes. This discrepancy 
may be caused by the difficulty in assessing 
mental retardation without intelligence quotient 
tests. And because the most severe degree of 
cribriform changes occurred in the youngest chil
dren between ages 1 and 2 years, the assessment 
of mental retardation based on social and devel
opmental skills may not be as accurate. On the 
other hand, degree of mental retardation corre
lated well with degree of atrophy, ventricular 
enlargement, and white matter changes. This 
correlation would be expected, because loss of 
cerebral tissue should affect cognitive and intel
lectual skills . 

Children with Hurler, Hunter, and Sanfilippo A 
syndromes have more severe visceral, musculo
skeletal , and CNS involvement than those with 
the other forms of MPS. Because of severity of 
their disease, these children came to the bone
marrow transplant service as a last resort for 
therapy. This may explain why cribriform 
changes in the brain, a hallmark finding of GAG 
deposition, were present in all of our patients, 
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whereas they may not be present in the milder 
forms of MPS. Murata et al (6) suggests that 
absence of these lesions in patients with Scheie 
syndrome may allow differentiation from Hurler 
syndrome. In the same study they also noted that 
these lesions were absent in the mild form of 
Hunter syndrome. We did not study any of the 
milder forms of MPS. However, these cribriform 
changes have been reported to occur in other 
forms of MPS, including Scheie (MPS IS) (16), 
Hurler /Scheie (MPS !H) (17), and Maroteaux
Lamy (MPS VIA) syndromes (6). 

The more severe degrees of cribriform changes 
occurred in the younger patients, suggesting that 
deposition of GAG in the perivascular spaces is 
the first pathologic change to occur. The cribri
form changes appeared to have a predilection for 
the subcortical and periventricular white matter. 
The parietal lobe was involved in all cases with 
cribriform changes. Frontal and temporal lobe 
involvement occurred with more severe degrees 
of cribriform changes. 

The abnormal periventricular white matter sig
nal intensity changes and delayed myelination 
appeared to be more severe with Hurler syn
drome. Before MR, studies based on computed 
tomography described periventricular low den
sity in the white matter felt to be related to 
the perivascular deposition of GAG within the 
Virchow-Robin spaces ( 18, 19). Atrophy also ap
peared to be more pronounced in Hurler syn
drome and correlated with severity of mental 
retardation in our series, a relationship reported 
by others ( 1, 18). It also was more severe in older 
patients, as one would expect with chronicity of 
the disease process. 

Based on our observations we would propose 
the natural course of MPS as follows. Cribriform 
changes in the CNS are the hallmark of GAG 
deposition and occur first. It has been shown that 
the walls of the blood vessels are also thickened 
by collagen fibers, presumably a gliotic response 
to the GAG molecules, which are made by the 
mesenchymal tissues in the walls of the vessels 
(20). We would then propose that this thickening 
impairs delivery of blood to the brain, resulting 
in ischemic injury. Ischemic injury and neuronal 
damage results in loss of cerebral tissue and 
gliosis. Loss of cerebral tissue may explain why 
we observed a decrease in the numbers of crib
riform lesions the longer the child was affected 
with MPS, or the older the child was. This would 
suggest that the lesions disappear or rather are 
replaced by gliosis. Both the presence of GAG 
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molecules and gliotic tissue response were prob
ably responsible for the increased signal changes 
on T2-weighted images in the periventricular 
white matter. Normal brain development was also 
impaired resulting in delayed myelination and 
decreased gray and white matter contrast. Atro
phy and ventricular dilatation eventually devel
oped, representing end-stage changes. 

Another finding that we observed, which to 
our knowledge has not been reported for MPS, 
was posterior fossa cysts . This consisted of 
megacisterna magna (or Dandy-Walker complex) 
or posterior fossa arachnoid cysts. There were 
also temporal fossa arachnoid cysts. The signifi
cance of this finding simply may reflect the su
perior imaging properties of MR in the posterior 
fossa compared with computed tomography, and 
may not necessarily be related to MPS. 

In summary, high-field MR imaging can play a 
definitive role in determining the degree of cere
bral involvement with MPS and aid in patient 
selection for bone marrow transplant. Once atro
phy has occurred, transplant therapy may not be 
able to affect mental retardation. Therefore, the 
presence of severe atrophy may suggest a poor 
prognostic outcome with regard to mental func
tion. Although mental retardation probably can
not be reversed by this therapy , its progression 
may be slowed or stopped ( 17). Optimal thera
peutic intervention with regard to the CNS may 
be when cribriform changes are detected early in 
the disease process before atrophy. MR also has 
a potential for monitoring response to bone mar
row transplantation as suggested by Johnson et 
al (2). 

The most characteristic finding is cribriform or 
cystic changes best seen on T1-weighted images, 
which most likely represents undegraded glycos
aminoglycan molecules within the perivascular 
spaces. Sagittal and coronal views increase the 
detection of corpus callosum involvement, which 
generally indicates more severe disease. Whether 
corpus callosal location becomes characteristic 
for MPS remains to be seen. Clearly, high
resolution imaging of the corpus callosum before 
MR has been limited, and the increased detection 
of corpus callosum lesions may reflect the supe
rior imaging properties of MR. 

Other lesions with predilection for the Virchow
Robin spaces, most notably cryptococcus and 
sarcoidosis, may produce cribriform changes but 
would be unlikely in infants and children, except 
for cryptococcus in immunosuppressed patients. 
However, cryptococcus also would manifest itself 
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with abnormal meningeal enhancement, particu
larly in the basal cisternal region, and would have 
a predilection for the basal ganglia and may 
exhibit a characteristic bubbly appearance (20). 

The size, location, and numbers of the cribri
form lesions as well as the young age would 
make dilated perivascular spaces less likely. How
ever, in the cases of MPS with mild cribriform 
changes, particularly the Sanfilippo A type, the 
MR appearance was virtually indistinguishable 
from dilated perivascular spaces. To our knowl
edge, dilated perivascular spaces have not been 
reported in the corpus callosum. Lacunae and 
etat crible would be unlikely in the pediatric 
population. 

Addendum 

We have since studied two patients with San
filippo A syndrome at least 6 months after bone
marrow transplanation. Both patients developed 
severe mental retardation. On MR both patients 
showed progressive ventricular dilatation, atro
phy, and white-matter changes graded as severe. 
There were no new cribriform lesions. 
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