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ABSTRACT 

Other than hamartomatous enlargement of the cerebellum as in Lhermitte-Duclos syndrome, diffuse enlargement of the
cerebellum is not clearly described. We report four patients (ages 9 months to 2 years) with diffusely enlarged cerebelli
as identified by measurement of the cerebellum and comparison to age appropriate normal values. The cerebellar mea-
surements were determined in absolute numbers and expressed as ratios of cerebellum to whole brain and supratentorial
brain. The clinical features of these four children (3 boys, 1 girl) consistently include global developmental delay, tone
abnormalities, preserved reflexes, delayed or abnormal maturation of the visual system (oculomotor apraxia), and defi-
cient or delayed myelination of cerebral white matter. The etiology of the macrocerebellum is unknown but we propose
that the cerebellum is responding to the elaboration of growth factors intended to augment the slow development of cere-
bral structures. Regardless of the etiology, the finding of a macrocerebellum appears to allow the clinician to predict the
clinical features of the patient and probably represents a marker for disturbed cerebral development. (J Child Neurol
1997;12:365-368).

Prior to the development of magnetic resonance imaging
(MRI) and more recently, the application of quantitative
methods to the analysis of these images, antemortem iden-
tification of abnormalities in relative size of various com-

ponents of the brain was not possible. We have been involved
in the morphometric evaluation of MRI scans of children to
establish age appropriate normal values for the size and
growth of the various brain structures and the range of nor-
mal variation of these domains. 1-3 Our first efforts involved

two-dimensional analysis of MRI scans. More recently we
have established age appropriate normal values for volu-
metric measurements of various brain components.

During the 5 years between 1990 and 1994 we identi-
fied four children who had abnormally large cerebelli. The

clinical features of these children are remarkably similar
and constitute a clinically recognizable syndrome. Other
than the syndrome of hamartomatous enlargement of the
cerebellum (Lhermitte-Duclos syndrome) diffuse enlarge-
ment of this structure has not been clearly described as a
clinical or pathologic entity.4 We report the quantitative
neuroimaging findings and clinical features of this newly
recognized condition.

PATIENTS AND METHODS

All patients were initially identified by subjective evaluation of rou-
tine MRI scans done as part of clinical evaluations in genetics
clinics at the University of Nebraska or neurology clinics at West

Virginia University over a 5-year period (1990-1994). Over 1000

patients were evaluated in each clinic each year during this time

period. Four patients were found to have abnormally large cere-

belli, confirmed by objective two-dimensional morphometric mea-
surement of the MRI or computerized volumetric analysis of the

MRI, or both.
MRI scans were obtained on patients seen for clinical evalu-

ations in our respective clinics. Measurements were performed on

TI-weighted (repetition time, 500 to 600 ms; echo time 20 to 30 ms)
images using any number of scanning protocols for each patient
with slice width ranging from 3.0 to 5.0 mm and interslice gap
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from 0.0 to 0.05 mm. Measurements were performed on sagittal
series images.

Two-dimensional analysis of the relative size of the cerebel-
lar vermis was done using a computerized image analysis technique
by which relative cerebellar area was determined from the mid-

sagittal image and expressed as a ratio of the cerebellar vermis area
to the supratentorial brain area and the whole brain area. 1,2 Quan-
tification of cross sectional areas on individual slices was deter-

mined on digitized images on a PC-based system. Tracings and area
calculations were made using commercial image analysis soft-
ware (Image Pro Plus; Media Cybernetics, Silver Spring, MD). Vol-
ume was calculated using our own customized algorithm that

incorporates slice thickness, interslice gap size, number of slices,
and the internal calibration standard. Volumes were expressed as
absolute values and as ratios of cerebellum to whole brain and

supratentorial brain. These volumes were then compared to 35 age-
matched controls chosen from a group of scans of normal indi-

viduals. The degree of myelination in the cerebral white matter was
determined by comparison of the initial MRI scans to the matura-
tional norms for myelination in infants and young children estab-
lished by Squires et al .5 5

Illustrative Case Report
Patient 1 was the term product of a gestation to a primigravid
mother. The pregnancy was complicated only by a urinary tract
infection in the second trimester, requiring antibiotic therapy.
Delivery was induced on the expected date of confmement because
of maternal hypertension and was accomplished vaginally without

complications. He weighed 3.8 kg and was 52 cm long with a
reported &dquo;average&dquo; head circumference. He was evaluated at 13
months of age because of developmental delays and was found to
have profound central hypotonia with normal reflexes, mild trun-
cal ataxia, and oculomotor apraxia. Growth parameters were at the
95th percentile for age and his head circumference was at the
60th percentile. His only dysmorphic features were hypoplastic toe
nails and a single pigmented macule of the left leg. The diagnos-
tic evaluation included neurometabolic screening, prometaphase
chromosomes, and MRI scan of the head.

RESULTS

All four patients were felt to have large cerebelli on subjective
analysis of the MRI scans (Figure lA and B). However, only
three of the four (patients 1, 3, and 4) had abnormally large
cerebellar vermi on the two-dimensional analysis of the
midsagittal cut of the MRI scan comparing the area of the
vermis to the area of the whole brain (Table 1). All patients
had cerebellar volumes that were above normal (greater than
the mean +2 SD for the 35 normal controls). The whole brain
and supratentorial brain volumes and corpus callosum area
were small but within the broad normal range for all patients.
Precise age-matched standards do not exist for relative
gray- and white-matter volumes but subjective evaluation
of the relative size of these components was felt to be nor-
mal. The clinical features of the patients with this condition
are remarkably similar from one patient to another and
generally include global developmental delay, marked early

Figure 1. A, Midsagittal cut of T,-weighted cranial MRI of patient 1
showing the diffuse enlargement of the cerebellar vermis. Area and
volumetric measurements are used for the determination of macro-
cerebellum. B, Axial cut of T2-weighted cranial MRI of patient 1 show-
ing the widespread myelin deficient cerebral white matter for age.

hypotonia, delayed maturation of the visual system mani-
fested by apraxia of gaze, and delayed maturation of fixation
and following skills (Table 2). Ataxia was not a prominent
feature of the clinical picture (at least not at this time)
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Table 1. Measurements of Cerebelli

*Note that Patient 2 had a large normal cerebellar vermis area and clearly large
cerebellar volumes.
’Pvalues are from a 2-tail t-test comparison of the controls versus our patients
(df = 37).
CB = cerebellum; WB = whole brain; STB = supratentorial brain.

because the motor incoordination observed was deemed to

be consistent with the degree of developmental delay.
All patients had delayed myelination of the cerebral

white matter: cerebellar white matter seemed normal though
no precise standards exist for determination of the normal

range (Figure 1B). One patient had a subsequent MRI (patient
2) at 3 years of age and although the degree and distribu-
tion of myelin deposition appeared to have improved, the
clinical manifestations displayed by this patient did not
change.

DISCUSSION

The clinical features of the patients described here include

striking tone abnormalities, delayed motor and cognitive
development, mild nonspecific dysmorphic features,
absence of pathologic reflexes, and oculomotor apraxia. The
chief neuroimaging features are the disproportionately
large cerebelli and delayed myelination of the cerebral
white matter.

There are no descriptions of isolated disproportionately
large cerebelli in the literature. Hamartomatous enlargement
of the cerebellum as in the Lhermitte-Duclos syndrome
has been reported. Usually the involvement of the

Table 2. Clinical Features of Patients with Macrocerebelli

cerebellum is focal in this syndrome; however, reports of
diffuse enlargement exist.4 The imaging and clinical features
of the Lhermitte-Duclos syndrome are distinct from the clin-
ical and neuroimaging features shared by these children with
macrocerebelli.

Hemi-enlargement, or enlargement of one half of the
cerebellum, is recognized in several of the conditions asso-
ciated with somatic hemihypertrophy including Beckwith
syndrome, Russell-Silver syndrome, and Klippel-Trenaunay-
Weber syndrome.6 Each of these conditions has distinctive
clinical features that do not generally include striking hypo-
tonia, oculomotor apraxia, or delayed myelination of the
cerebral white matter. Furthermore, the cerebellar hemi-

hypertrophy, when it occurs, is usually associated with
cerebral hemihypertrophy in these conditions.

Diffuse hypertrophy of the cerebellum with equally
severe hypertrophy of the cerebrum manifested as megal-
encephaly and hydrocephalus has been seen in association
with juvenile Alexander disease in one patient.’ A single case
report of midline hypertrophy of the cerebellum and forni-
cal system in a patient with a meningomyelocele and Chiari
II malformation exists.8 Once again, the features of these two
apparently unique cases do not resemble those of our

patients.
The patients reported here all have cerebellar volumes

above the normal range. Three of the four also had a sig-
nificantly increased relative area of the cerebellar vermis.
When we compared our patients to an age-matched control
group of 35 normal children, the volumetric comparisons
were strikingly different (P < .001). Interestingly, the com-
parison of the areas of the vermi were not statistically dif-
ferent. This suggests that either the vermis is differentially
affected in this process or there is a greater variability in its
normal size. This is not necessarily surprising as we have
already demonstrated that the cerebellar vermis is asym-
metrically affected by a variety of neurogenetic processes.9
We have also seen two additional patients with large cere-
bellar vermi and cerebellar volumes at the upper end of the

normal range but not beyond two standard deviations. Both
of these patients had delayed myelination and shared the
clinical features of our macrocerebellum patients. The dis-
tinction between these patients and those with a macro-

cerebellum, if any, is not clear at this time. One possible
difficulty is that although our normal range for vermis area
is well defined, because our normal population is small in
number, the normal range for the cerebellar volumes is not
as well established.

The chief neuroimaging feature, in the patients with
macrocerebelli, is that the cerebellum is disproportionately
large, both absolutely and relatively. The cerebellum appears
to have normal neuroimaging features from the standpoint
of tissue characteristics. A second uniform neuroimaging fea-
ture is that there is delayed myelination of the white mat-
ter throughout the cerebrum that is not manifest in the
cerebellum. Thus the cerebellum seems to be more mature,
from the standpoint of myelin deposition, and perhaps
growth, than the cerebrum in these infants. This leads us to
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the hypothesis that the cerebellar tissue is responding in a
normal fashion to growth factors elaborated in excess in an
attempt to augment the growth and maturation of the cere-
brum which is not, for some unknown reason, responding
appropriately to these signals. In such a condition, the
abnormality would be in the ability of the cerebrum to
respond and not intrinsic to the cerebellum. If this hypoth-
esis is correct, the cerebellar enlargement would represent
an epiphenomenon not a primary manifestation. Thus one
might expect, as in our patients, that the functional abnor-
malities would primarily be the result of cerebral not cere-
bellar dysfunction.

We have described four patients with remarkably con-
sistent clinical and neuroimaging features and have cho-
sen to identify them as possessing a macrocerebellum. The
clinical features of the macrocerebellum syndrome consist
of hypotonia, delayed motor and cognitive development,
and oculomotor apraxia. Delayed maturation of cerebral
myelin and abnormally large cerebellar size (area and vol-
ume) represent the cardinal neuroimaging features of chil-
dren with macrocerebelli. The pathogenesis of this
syndrome is unclear at this time; however, the finding of
a macrocerebellum is predictive of cerebral dysfunction
in the patient.
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