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SHORT REPORT

Neurofibromatosis type 1 in childhood:
correlation ofMRI findings with intelligence

E Legius, M J Descheemaeker, J Steyaert, A Spaepen, R Vlietinck, P Casaer, P Demaerel,
J P Fryns

Abstract
In a group of 28 children with neurofi-
bromatosis type 1 aged between 4 and 16
years, neuroradiological findings were
correlated with intelligence as measured
by the Wechsler scales. The presence or
specific location in the brain of T2
weighted prolonged signals on MRI was
not associated with cognitive problems.
No other physical characteristics associ-
ated with neurofibromatosis type 1 were
found to correlate significantly with IQ.
At the present these T2 weighted hyper-
intense spots should not be used to pre-
dict neurofibromatosis type 1 associated
cognitive problems.

(7NeurolNeurosurg Psychiatry 1995;59:635-640)

Keywords: neurofibromatosis type 1; magnetic reso-
nance imaging; intelligence; high intensity lesions;
brain

Center for Human
Genetics
E Legius
MJ Descheemaeker
R Vlietinck
JP Fryns
Department of Child
Psychiatry
A Spaepen
Department of
Pediatrics
P Casaer
Department of
Radiology, University
Hospital
Gasthuisberg, 3000
Leuven, Belgium
P Demaerel
Department of
Clinical Genetics,
Maestricht,
The Nederlands
J Steyaert
Correspondence to:
Dr Eric Legius,
Center for Human Genetics,
University Hospital
Gasthuisberg, Herestraat 49,
3000 Leuven, Belgium.
Received 9 December 1995
and in revised form
2June 1995
Accepted 27 July 1995

Neurofibromatosis type 1 or Von
Recklinghausen's disease is a common auto-
somal dominant disorder with a frequency of
1 in 3000, a complete penetrance with vari-
able expression, and a high spontaneous
mutation rate.' The neurofibromatosis type 1

gene is cloned and resides on chromosome 17
(17q 11 .2).2 In children cafe au lait spots and
inguinal or axillary freckling are often seen.
Enhanced T2 weighted foci on brain MRI are

reported in 50% to 74% of children with neu-

rofibromatosis type 1 and are most often seen
in the basal ganglia, cerebellum, and brain
stem.3-6 The nature of these enhanced T2
weighted foci in the brain is not known.

In children with neurofibromatosis type 1

the mean full scale intelligence quotient
(FSIQ) is shifted to the left and is situated
between 88 and 94. 1 7-11 In addition to a

somewhat lower FSIQ several studies
described visuospatial integration deficits as

well as an increased incidence of school per-
formance problems.7-" The cause of these
neurofibromatosis type 1 related cognitive
problems is unknown and several studies
failed to show a relation between the often
seen T2 weighted hyperintense foci in the
brain and cognitive problems in neurofibro-
matosis type 1 .3-5 Two recent studies, how-
ever, suggest a negative effect of enhanced T2
weighted foci in the brain on FSIQ and other
aspects of cognitive functioning in patients

with neurofibromatosis type 1.15 16
In this study we correlated findings of

brain MRI with intelligence in a group of 28
children with neurofibromatosis type 1.

Materials and methods
A group of 28 children (15 boys; 13 girls)
between 4 and 16 years old was tested with
the Wechsler scales for intelligence (WPPSI,
WISC-R) by one educational psychologist
(MJD). The intelligence profile of these chil-
dren has already been reported." All children
met NIH criteria for neurofibromatosis type
1.'7 The group of 28 children were followed
up at the Leuven neurofibromatosis clinic for
children and all children were physically
examined by two clinicians (AS, EL). Brain
MRI was performed at 1-5 Tesla (Siemens,
Erlangen). Unenhanced axial T2 weighted
and TI weighted spin echo images were rou-
tinely obtained in all patients. Gadopentate
dimeglumine was given intravenously and
additional axial, coronal, and sagittal Ti
weighted images were obtained in cases with
suspected or pathological areas.

Specific regions of interest on MRI were
analysed for the presence of enhanced T2
weighted foci. Regions of interest were: the
different cerebral lobes, basal ganglia, thala-
mus, brain stem, cerebellar hemispheres,
vermis cerebelli, and internal capsule.
Homologous regions in the right and left
hemispheres of the cerebrum and cerebellum
were considered as one region of interest.
Only spots that were not seen in other phases
of MRI were considered as enhanced T2
weighted foci.
The means of continuous variables of two

different groups of children were compared
by two tailed t test. Correlation between two
continuous variables was calculated according
to Pearson. Analyses of covariance
(ANCOVA) were performed with FSIQ as
dependent variable, and the number of T2
weighted foci or each of the regions of inter-
est separately as independent variable. Age
and the presence of neurological abnormali-
ties were taken as covariates in these analyses

Results
The mean FSIQ of the group of 28 children
with neurofibromatosis type 1 was 89 (range
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Table 1 Full scale IQ (FSIQ) according to different
grouping variables

No FSIQ (SEM) P value (t test)

Boys 15 92-8 (3.6) NS
Girls 13 85-0 (7-1)
UBO+ 18 90-2(48) NS
UBO- 10 87-5 (6 5)
Neuro+ 8 74-5 (6 4) 0-012
Neuro- 20 951 (4-1)
Neuro-UBO+ 10 102-7 (5 6) 0-076
Neuro-UBO+ 10 87-5 (5 6)
UBO + or UBO - = those children with or without hyperin-
tense T2 weighted foci on MRI of the brain (UBO= uniden-
tified bright object), Neuro + or Neuro - = those children
with or without other neurological abnormalities, the bottom
row of the table refers to the FSIQ of children without other
neurological problems with or without hyperintense T2
weighted foci on brain MRI (Neuro - UBO + or -).

54-148), with a mean verbal IQ of 95-7 and a
mean performance IQ of 84 1 (paired t test,
P = 2 x 1O-5). The mean age of the children
was 9 years and 4 months.

Eight children (four boys and four girls)
were found with neurological diseases (two
had epilepsy, two hydrocephalus, one a brain
stem glioma with hydrocephalus and epilepsy,
one an interhemispheric frontal tumour, one
a congenital hemiparesis, and one had
received irradiation because of bilateral and
chiasmatic optic pathway glioma). As
expected these eight children scored signifi-
cantly lower on IQ tests than the other 20
children without neurological disease (table
1).

Brain MRI was scored for the presence and
specific location of enhanced T2 weighted
foci. In 18 of 28 children hyperintense T2
weighted spots were seen. These 18 children
had a mean FSIQ comparable with the 10
children without spots (table 1). The eight
children with neurological diseases all showed
the typical T2 weighted spots, and only 10 of
the 20 children without any evidence of neu-
rological disease showed them (P = 0-025;
Fisher's exact test). In the group of children
without neurological disease the 10 children
with increased T2 weighted signals showed a
higher mean FSIQ than the 10 children with-
out (table 1).

In this group of 28 children ANCOVA
with age and the presence of neurological
abnormalities as covariates, showed no signif-
icant relation between the number of T2
weighted foci in the brain and FSIQ (table 2).
Similarly, ANCOVA with the same covariates
showed no relation between a specific loca-
tion of T2 weighted hyperintensities and

FSIQ (table 2). ANCOVA was not per-
formed for temporal lobe, occipital lobe, pari-
etal lobe, and vermis cerebelli, as the number
of patients with enhanced T2 weighted foci in
these regions of interest was one or zero.

Discussion
In the present study we could not find a rela-
tion between the presence or absence of T2
weighted hyperintens foci in the brain and
scores on the Wechsler scales of intelligence.
We identified a group of eight patients with
neurofibromatosis type 1 who had other neu-

rological disease and a significantly lower
FSIQ. These eight children all had T2
weighted hyperintensities in their brains. The
presence of neurological abnormalities in the
eight children is likely related to neurofibro-
matosis type 1, although it is possible that
some are coincidental. The 20 children with-
out other neurological disease had a near nor-

mal FSIQ (95s1), and T2 weighted enhanced
foci in the brain were present in 50% (10/20).
Enhanced T2 weighted foci in this group
without neurological disease were associated
with a higher FSIQ. In addition there was no

significant correlation between the number or

location of T2 weighted foci in the brain and
FSIQ.

Three other studies did not find a relation
between enhanced T2 weighted foci and cog-
nitive problems. Dunn and Roos3 could not
find any association of hyperintense T2 foci
on brain MRI with learning disorders or

severe motor incoordination in a group of 31
children. Duffner et al found no relation
between hyperintense T2 foci on brain MRI
and school problems or clinical findings in 47
children.5 Ferner et al studied 22 adults and
16 children and did not find an association
between lower intelligence and the presence
or the number of enhanced T2 weighted foci
in the brain.4

Recently, however, two studies did show a

negative association between enhanced T2
weighted foci in the brain of patients with
neurofibromatosis type 1 and intelligence.
The study by Hofman et al 16 focused on 12
sibling pairs, in whom only one of the sibs
had neurofibromatosis type 1. They found a

significant correlation between the lowering
of IQ in the siblings with neurofibromatosis
type 1 and the number of locations with T2
weighted hyperintensities in the brain. A
remarkable finding was that 1 1 of 12 children

Table 2 Relation between full scale IQ (FSIQ) and T2 weighted enhancedfoci

Mean FSIQ
Dependent Independent Patients with Patients with
variable vaniable foci in Brain (n) Foci in RI (n) Foci- Foci + F ratio P value

FSIQ No offoci 18 - - - 2-51 0-085
FSIQ Frontal lobe 3 88-2 91-3 0-06 0-814

Cerebellar hemisphere 4 86-2 102-6 3-49 0-07
Internal capsule 8 85-7 95-6 1-60 0-22
Thalamus 3 88-6 85-8 0-08 0.78
Basal ganglia 4 85-9 104-5 4-64 0.04*
Medulla oblongata 4 87-9 92-4 0-24 0.63

Covariance analysis with FSIQ as dependent variable and the presence of hyperintense foci in total and in each of the specific
regions of interest (RI) as independent variables. Age and the presence of neurological problems are used as covariants.The
group with foci in the specific RI has a higher FSIQ than the rest, except for the thalamus region.
* Indicates that the difference in FSIQ is significant at the 5% level for the basal ganglia region. This marginal significance proba-
bly results from multiple testing and should not be considered as real.
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with neurofibromatosis type 1 showed T2
weighted hyperintensities, which is higher
than in any other reported study. North et al'5
studied 40 children without major neurologi-
cal problems or frank mental retardation and
found a bimodal distribution of FSIQ. Those
with T2 weighted hyperintensities in the
brain had a significantly lower total IQ than
those without. In this study there was no cor-
relation of FSIQ with the number or location
ofT2 weighted hyperintensities.
The previous studies all differed in design

(age groups, socioeconomic classes, sibling
comparison) and they comprised relatively
few subjects. These may be explanations for
the different conclusions. Another explana-
tion for these contradicting results may be
that two or more different kinds of enhanced
T2 weighted foci exist, those representing
some kind of brain abnormality, and those
not representing brain alterations. The eight
children with other neurological disease in
this study all showed T2 weighted hyperin-
tense foci, and these foci might be different
from those in the group without other neuro-
logical disease. Moreover, it is known that
some T2 weighted hyperintensities in the
brains of patients with neurofibromatosis type
1 disappear with time and it is possible to
find them only at a certain age.'8 In the differ-
ent studies the different relative proportion of
these possibly different kinds of T2 weighted
hyperintensities and the different ages when
MRI was carried out might explain the oppo-
site conclusions.
A larger set of patients with neurofibro-

matosis type 1 should be tested in a multicen-
tre study to gain more insight into the
possible association of cognitive problems in
neurofibromatosis type 1 and T2 weighted
enhanced foci in the brain. In this study
investigators should use a standard protocol
for patient selection, timing of MRI, and
reporting of MRI abnormalities. In the mean
time there is no good reason to suspect a
mental problem when enhanced T2 weighted

foci are found in the brain of a child with
neurofibromatosis type 1 without other neu-
rological disease.

We thank Dr Gene Fisch, Brooklyn, New York, for critically
reading the manuscript and for helpful suggestions. Part of
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