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Neuro�bromatosis type 1 is a common autosomal domi-
nant genetic disorder associated with numerous physical
anomalies and an increased incidence of neuropsychologi-
cal impairment. Tumors of the CNS occur in approxi-
mately 15% of children with neuro�bromatosis, present-
ing additional risk for cognitive impairment. This study
examines the impact of an additional diagnosis of brain
tumor on the cognitive pro�le of children with neuro�bro-
matosis. A comprehensive battery of neuropsychological
tests was administered to 149 children with neuro�bro-
matosis. Thirty-six of these children had a codiagnosis of
brain tumor. A subset of 36 children with neuro�bro-
matosis alone was matched with the group of children
diagnosed with neuro�bromatosis and brain tumor.
Although mean scores of the neuro�bromatosis plus brain
tumor group were, in general, lower than those of the neu-
ro�bromatosis alone group, these differences were not sta-
tistically signi�cant. Children in the neuro�bromatosis
plus brain tumor group who received cranial irradiation 
(n = 9) demonstrated weaker academic abilities than did
children with brain tumor who had not received that treat-
ment. These results suggest that neuro�bromatosis is asso-

ciated with impairments in cognitive functioning, but the
severity of the problems is not signi�cantly exacerbated by
the codiagnosis of a brain tumor unless treatment includes
cranial irradiation. Neuro-Oncology 1, 275–281, 1999
(Posted to Neuro-Oncology [serial online], Doc. 99-05,
September 7, 1999. URL <neuro-oncology.mc.duke.edu>)

NF3 is a common autosomal dominant genetic dis-
order (incidence, 1/3500) characterized by skin
pigmentation, iris hamartomas, axillary freck-

ling, and benign and malignant neural tumors (Riccardi,
1981). An estimated 40% of children with NF have some
form of intellectual or behavioral impairment (Riccardi,
1981). Although the frequency of mental retardation
(full-scale IQ and adaptive behavior scores <70) in chil-
dren with NF is only slightly higher than in the general
population (North et al., 1997), learning disabilities and
behaviors characteristic of attention-de�cit hyperactivity
disorder are more common than in the general popula-
tion (Eliason, 1986; Riccardi, 1982; Stine and Adams,
1989). Impairments in several functional domains have
also been reported, most frequently in visual processing,
language, and motor coordination (Eldridge et al., 1989;
Varnhagen et al., 1988; Wadsby et al., 1989).

Tumors of the CNS occur in approximately 15% of
children with NF (Duffner et al., 1989; Listernick et al.,
1989; Mulvihill et al., 1990), presenting another risk fac-
tor for neuropsychological impairment. Moore and col-
leagues (Moore et al., 1994) evaluated the effects of NF
with and without a codiagnosis of a brain tumor and
reported no statistically signi�cant group differences on
standardized tests of intellectual, academic, and cognitive
functioning. Given the small sample size in the study (n =
14 for each group), the variability of expression of the NF
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gene, and the range of impairments that may be associ-
ated with brain tumors, replication of these �ndings in a
larger sample is necessary. This study examined the neu-
ropsychological functioning in a larger group (n = 149) of
children with NF; 36 of these patients (24%) had also
been diagnosed with a brain tumor. In order to clarify the
additional impact of a brain tumor on the neuropsycho-
logical functioning of children with NF, matched-group
analyses were performed comparing children with NF
plus a brain tumor with this subset of children without a
codiagnosis of tumor. We hypothesized that the mean
scores of children with NF plus a brain tumor would be
signi�cantly lower than the mean scores of children with
NF but without a codiagnosis of brain tumor.

Methods

Patients

Over the past 6 years, 236 children and adolescents with
NF have been referred to The University of Texas M.D.
Anderson Cancer Center for medical diagnosis and clinical
management of NF. Referral sources include family prac-
tice pediatricians, ophthalmologists, orthopedists, and
internists, as well as the Texas Neuro�bromatosis Founda-
tion. No child was referred to the clinic speci�cally for
evaluation of a learning disability or cognitive problem. All
children are enrolled in a research protocol investigating
the neuroanatomical and cognitive features of NF
(National Institutes of Health, R01NS-31950). Part of that
protocol involves administering a battery of neuropsycho-
logical tests. Informed consent was obtained from children
and parents in accordance with institutional guidelines.

The individuals included in this study had a diagnosis
of NF type 1, based on diagnostic criteria outlined in the
National Institutes of Health consensus statement (NIH,
1988). Individuals were excluded from this report who
were outside the age range of 6 to 16 years (n = 82) and
who were not English speaking (n = 5), leaving a sample
size of 149. Of these 149, 113 children had a diagnosis
of NF alone and 36 had a codiagnosis of brain tumor.

In order to evaluate the additional morbidity presented
by a brain tumor, we matched the 36 children with NF
plus a brain tumor with 36 children who had NF alone.
The groups were matched �rst on socioeconomic status
(Hollingshead, 1975), then on age, and �nally on sex to
minimize the potential confounds of these factors on neu-
ropsychological test scores. If no exact match was found
on a demographic factor, the next closest child was
selected and then the next factor was considered. Match-
ing was done without knowledge of the subjects’ test
scores. Tumor types and locations are presented in Table
1. Of the 36 children with NF plus a brain tumor, 30 were
diagnosed with an optic glioma, 5 were diagnosed with
astrocytoma, and 1 was diagnosed with a brainstem
glioma. Eight of these 36 children had been treated with
surgery, 9 with cranial irradiation, and 1 with chemo-
therapy prior to neuropsychological evaluation. For those
children who received radiation, the neuropsychological
assessment was completed, on average, 9.5 months (SD,
4.7 months) after beginning radiation treatment.

Procedures

Study participants were evaluated with a comprehensive
battery of intelligence, academic achievement, and neu-
ropsychological tests. Tests were of short duration and
possessed differing task demands to engage the child and
maximize attention. Testing was performed in a consul-
tation room by a trained psychometrician and, under
average conditions, the complete battery generally
required 3 to 4 h including rest breaks. The neuropsy-
chological test battery is designed to cover a wide range
of abilities with added emphasis on cognitive areas, the
areas at risk in children with NF. The individual tests that
compose the battery have been used extensively in neu-
ropsychological research on children and have been
found to be reliable over the age range to be included in
this study. Most of the battery has been administered to
over 1000 children at the University of Texas M.D.
Anderson Cancer Center, and results have been reported
in studies of patients with pediatric brain tumors, other
pediatric cancers, and NF.

Overall intellectual functioning was estimated using
one of four measures. The Wechsler Intelligence Scale for
Children-Revised (WISC-R) (Wechsler, 1974) was admin-
istered to 52 children, and the Wechsler Intelligence Scale
for Children-Third Edition (WISC-III) (Wechsler, 1991)
was administered to 94 children. The McCarthy Scales of
Children’s Abilities (McCarthy, 1972) and the Stanford-
Binet Intelligence Scale-Fourth Edition (Thorndike et al.,
1986) were administered to one child each. One child
received the neuropsychological test battery but did not
receive an assessment of intellectual functioning. The
scores of all intelligence tests were mathematically equated
to a normative mean of 100 and an SD of 15.
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Table 1. Frequency of tumor diagnosis by location in children with
neuro�bromatosis plus a brain tumor

Tumor diagnosis

Optic Astro-
Tumor location glioma cytoma Glioma

Optic chiasm 3

Optic chiasm, unilateral nerve 9

Optic chiasm, unilateral tract 2

Optic chiasm, bilateral nerves 6

Unilateral optic nerve 6

Optic chiasm, bilateral nerves, 
bilateral tracts 2

Optic chiasm, unilateral optic nerve, 
hypothalamus 1

Optic chiasm, 3rd ventricle, 
hypothalamus 1

Frontal lobe, lateral ventricle 1

Hypothalamus 1

Foramen of Monroe 1a

Cerebellum 1

Pons 1

Brainstem 1

Data are for 36 children.

aSubject had an optic glioma of the right optic nerve in addition to an astrocytoma.



To minimize the variable-to-subject ratio, we grouped
individual tests into conceptualized domains representing
intelligence, academic achievement, language, memory,
visual-motor, visual-perceptual, �ne motor, and attention
(Table 2).

Statistical Analyses

Analyses were conducted in two stages. The initial step in
data analysis was to describe the general nature of the
cognitive de�cits in children with NF type 1 by examin-
ing the mean scores of each general cognitive domain, as
well as the individual tests comprising each domain, in
the NF-alone group (n = 113). Scores on the intellectual
and academic achievement domains were standardized to
a mean of 100 and SD of 15. Scores on the language,
memory, visual-motor, visual-perceptual, motor, and
attention domains were standardized to a mean of 10,
SD of 3. To evaluate the nature, severity, and prevalence
of learning impairments, we calculated score discrepan-
cies for intellectual-academic achievement.

The second step in data analysis was to conduct
matched-group analyses to quantify differences between
the NF-alone and NF-plus-brain-tumor groups. Contin-
uous variables were analyzed with the Student t test; fre-
quency data were compared with chi square analyses.
The Fisher exact test was used when appropriate. A 
P value of 0.005 was adopted for statistical signi�cance
to control for multiple group comparisons.

Results

General Neuropsychological Status of Children with
Neuro�bromatosis Alone

In the larger group of children with NF alone (n = 113),
ages ranged from 6.1 to 15.9 years (mean, 11.1 years;
SD, 2.7 years). Socioeconomic status ranged from 1
(high) to 5 (low), with a mean in the middle- to lower-

middle class range (mean, 3.4; SD, 1.2). There were 54
boys and 59 girls in this group. There were 72 whites, 21
blacks, and 20 English-speaking Hispanics in the sample.

Within this group, full-scale IQ scores ranged from 56
to 126 with a group mean of 92.7 (SD, 16.6). Nine of the
children (8%) obtained a full-scale IQ score of 69 or
below. Verbal IQs (mean, 92.4; SD, 16.5) were slightly
lower than performance IQs (mean, 94.0; SD, 17.3).

Mean scores for the language, memory, visual-motor,
motor, and attention domains were also below average,
but were within 1 SD of the normative means. The mean
group score for the visual-perceptual domain was signi�-
cantly below the normative mean (see Table 3) and was
also considerably lower than the mean score for the
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Table 2. Composition of cognitive domains

Domain Tests

Intelligence Wechsler Intelligence Scale for Children-Revised (Wechsler, 1974) or Wechsler Intelligence Scale for 
Children-Third Edition (Wechsler, 1991), or Stanford-Binet Intelligence Scale-Fourth Edition (Thorndike 
et al., 1986), or McCarthy Scales of Children’s Abilities (McCarthy, 1972)

Academic achievement Wide Range Achievement Test-Revised (Jastak and Wilkinson, 1984) (spelling and arithmetic subtests), 
Woodcock Johnson Psycho-Educational Battery-Revised (Woodcock and Johnson, 1989) (math and 
reading clusters)

Language Verbal �uency: The F-A-S Test (Gaddes and Crockett, 1975), Rapid Automatized Naming (RAN) 
(Denckla and Rudel, 1974), Test of Auditory Analysis Skills (TAAS) (Rosner and Simon, 1971)

Memory Verbal Selective Reminding Test (Buschke, 1974), Nonverbal Selective Reminding Test (Fletcher, 1985)

Visual-motor functions Beery Visual-Motor Integration Test (Beery and Butenika, 1967), Block Design subtest from Wechsler 
Intelligence Scale for Children-Revised (Wechsler, 1974) or Wechsler Intelligence Scale for Children-
Third Edition (Wechsler, 1991)

Visual-perceptual functions Recognition-Discrimination (Satz and Fletcher, 1982), Judgment of Line Orientation Test (Lindgren and 
Benton, 1980)

Motor functions Finger Tapping and Grooved Pegboard (Reitan, 1969)

Attention Trail Making Test-Parts A and B (Reitan, 1969), Freedom from Distractibility Deviation Quotient 
(arithmetic, digit span, and coding subtests of the Wechsler Intelligence Scale for Children-Third Edition 
[Wechsler, 1991])

Table 3. Domain scores for children with neuro�bromatosis alone

Percent in severely 
Domain Mean scorea impaired rangeb

Intellectual

Full-scale IQ 92.7 (16.6) 8.4%

Verbal IQ 92.4 (16.5) 7.4%

Performance IQ 94.0 (17.3) 8.3%

Academic achievement 87.2 (17.0) 42.7%

WRAT-reading 91.3 (17.4) 16.3%

WRAT-math 85.4 (18.4) 21.2%

WRAT-spelling 86.0 (16.3) 16.8%

Woodcock-math 90.3 (19.4) 17.5%

Woodcock-reading 91.3 (17.4) 16.3%

Language 8.6 (3.0) 10.3%

Memory 8.3 (3.3) 9.5%

Visual-motor 7.9 (2.8) 9.2%

Visual-perceptual 5.9 (4.0) 37.5%

Motor 9.3 (3.7) 10.4%

Attention 8.1 (2.9) 10.0%

aData are means and (SD) for 113 children with neuro�bromatosis alone.

bSeverely impaired is de�ned as score £2 SD below the normative means.



visual-motor domain. For most of the cognitive domains
and for the intelligence scores, the percentage of subjects
with scores in the severely impaired range (2 or more SDs
below average) was about 10%. However, relatively
greater numbers of subjects had scores in the severely
impaired range in the visual-perceptual domain (37.5%).
The visual-perceptual domain is comprised of two
motor-free measures of visual-spatial functioning, the
Recognition Discrimination Test (Satz and Fletcher,
1982), and the Judgement of Line Orientation Test
(Lindgren and Benton, 1980). Performance on both of
these measures was found to be highly correlated (P <
.001) with academic achievement scores in this group of
children. As illustrated in Fig. 1, better subtest perfor-
mance was associated with stronger performance in the
academic achievement domain.

The mean score on the academic achievement domain
(mean, 87.2; SD, 17.0) was nearly 1 SD below the popu-
lation mean, indicating that the group as a whole had rel-
atively weak academic achievement skills. As illustrated
in Table 3, the performance of approximately 43% of the
sample was in the severely impaired range for academic
achievement (2 SD or more below the normative expec-
tation). Within this domain, arithmetic skills appeared
affected to a greater degree (WRAT-3, arithmetic: 21.2%
of subjects scored in the severely impaired range; Wood-
cock, math: 17.5% scored in the severely impaired range)
than spelling or reading abilities (WRAT-3, spelling:
16.8% scored in the severely impaired range; WRAT-3,
reading: 16.3% scored in the severely impaired range;
Woodcock, reading: 8.7% scored in the severely
impaired range). 

Intellectual-academic achievement discrepancy scores
were also calculated for each child. The mean intellec-
tual-academic achievement domain discrepancy was 4.9
points (see Table 4). Discrepancy scores were also calcu-
lated for each measure included in the academic domain.
Mean intellectual-academic discrepancies ranged from
1.4 points (Woodcock-Johnson, reading cluster) to 8.2
points (WRAT-3, arithmetic). Discrepancies were statisti-
cally signi�cant for the general academic achievement

domain (P = 0.0001), the WRAT-3 spelling and arith-
metic subtests (P = 0.0001), and the Woodcock-Johnson
math cluster (P = 0.019), but not the reading cluster.

Matched-Group Analyses

In order to assess the impact that a brain tumor diagno-
sis might have on neuropsychological status, 36 of the
subjects with NF alone were matched as closely as pos-
sible to the 36 subjects with NF plus a brain tumor, �rst
on socioeconomic status, then on age, and �nally on sex.
Although subject-by-subject matching was not perfect in
all cases, it was successful in forming two groups that
did not differ signi�cantly in socioeconomic status, age,
or gender.

In general, mean domain scores for children in the
NF-plus-brain-tumor group remained within normal
limits (within 1 SD of normative values), although there
was a consistent trend for these children to perform
more poorly than children with NF alone in all domains
except intelligence (Table 5). When group mean scores
were compared with t tests, however, there were no
significant differences in performance between the
groups for any domain.

In order to clarify the results of the matched-group
analyses, we compared the mean domain scores of chil-
dren in the NF-plus-brain-tumor group who had received
cranial irradiation (n = 9) with the children who had not
received cranial irradiation (n = 27). Scores for children
in the irradiation treatment group were consistently
lower than scores for children in the no-irradiation
group, but these differences were signi�cant only for the
academic achievement domain (t33 = 2.3, P < .05) (see
Table 6).

Discussion

These results are consistent with other studies suggesting
that the diagnosis of NF is associated with relatively lower
intellectual, academic, memory, visual-motor, and atten-
tion abilities than either the general population (Eliason
1986; Legius et al., 1994; Stine and Adams 1989) or sib-
ling controls (Denckla et al., 1996; Eldridge et al., 1989;
Hofman et al., 1994; Mazzocco et al., 1997). By far the
greatest impairments were in academic achievement and
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Fig. 1. Association between Judgment of Line Orientation Test (JLO)
score and academic achievement score. JLO scores are based on a
mean of 10 (SD of 3). Academic achievement scores are based on a
mean of 100 (SD of 15).

Table 4. Intellectual-academic achievement discrepancy scores for
children with neuro�bromatosis alone

Discrepancy scorea

Measure Mean scorea Signi�cance

Academic achievement domain 4.98 (11.11) 0.0001

WRAT-3

Spelling 6.83 (13.24) 0.0001

Arithmetic 8.22 (13.99) 0.0001

Woodcock-Johnson

Math cluster 2.90 (12.28) 0.018

Reading cluster 1.48 (12.19) 0.22

aData are mean and (SD) for 113 children with neuro�bromatosis alone.



in motor-free visual-spatial abilities. Interestingly, in
visual-perceptual tasks requiring a greater degree of
motor input (i.e., the visual-motor domain), group mean
scores were only slightly impaired relative to the impair-
ments in the pure (motor-free) visual-spatial tasks.
Impaired performance on the Judgement of Line Orienta-
tion Test (Lindgren and Benton, 1980) continues to be
almost a hallmark feature of NF. In this sample of chil-
dren with NF alone, 58% had signi�cant de�cits (2 or
more SDs below average) on this test. In addition, there
was a high degree of association between scores on this
measure of motor-free visual spatial ability and all sub-
tests of academic achievement (see Fig. 1).

Brain tumors are diagnosed in approximately
15%–20% of children with NF (Duffner et al., 1989;
Listernick et al., 1989), and the majority of these tumors
are optic gliomas (see Fig. 2). Very little is known regard-
ing the nature of these lesions or their similarity to optic
gliomas in non-NF patients. In some cases, the areas of
abnormality change very little over time or may resolve
spontaneously, leading to the conclusion that they are
benign and relatively static lesions such as hamartomas.
In other cases, the abnormalities behave more aggres-
sively requiring surgery, chemotherapy, and cranial irra-
diation therapy (Listernick et al., 1992; Listernick et al.,
1994; Roos and Dunn, 1992). For many NF patients
with only radiographic �ndings, careful observation is
the treatment of choice unless there is progression of
tumor or visual abnormality (Cohen et al., 1990; Roos
and Dunn, 1992).

Although no statistically signi�cant differences were
found between the groups, there was a consistent trend for
those with NF plus a brain tumor to score slightly lower
than those with NF alone. Studies of children who have a
brain tumor but not NF and who are assessed before
chemotherapy or cranial irradiation suggest that having a
brain tumor does not by itself mean that a child will have
signi�cant neuropsychological de�cits unless cranial irra-
diation is included as part of the treatment regimen
(Brookshire et al., 1990; Copeland and Moore, 1992).

The structural and functional effects of cranial irradia-
tion, including periventricular white matter damage, vas-

cular alterations, and necrosis, have been documented in
numerous studies (Crossan et al., 1994; Packer et al.,
1987; Wright and Bresnan, 1976) and are implicated in
cognitive decline (Copeland et al., 1985; Copeland et al.,
1988; Fletcher and Copeland, 1988; Leiner et al., 1991;
Ris and Noll, 1994). We found that the mean domain
scores for children in the irradiation treatment group were
consistently lower than the scores of children who had
not received cranial irradiation. However, only the differ-
ence in the academic achievement domain was statistically
signi�cant (P = 0.02). The small and unequal numbers in
the two groups may have prevented signi�cant differences
in the other domains from being seen. The mean length of
time between the initiation of radiation treatment and
neuropsychological assessment was 9.5 months.
Although it is possible that posttreatment fatigue and gen-
eral malaise may have negatively affected these subjects’
performances, it is unlikely that signi�cant white matter
changes characteristic of delayed radiation effects had
developed. The relatively brief period of time between
treatment and assessment suggests that tumor-related fac-
tors, such as lesion size and rate of growth, might have
also hindered the performance of these subjects.
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Table 5. Matched-group analysis

Domain Mean score for NF alonea Mean score for NF + BTb Signi�cance

Intellectual

Full-scale IQ 91.7 (14.3) 92.9 (15.3) NS

Verbal IQ 92.6 (14.6) 91.3 (15.1) NS

Performance IQ 92.2 (13.9) 96.3 (16.6) NS

Academic achievement 89.3 (13.5) 86.1 (14.8) NS

Language 9.1 (3.0) 8.8 (2.8) NS

Memory 8.4 (3.1) 7.1 (2.8) .07 (marginal)

Visual-motor 7.9 (2.5) 7.3 (2.6) NS

Visual-perceptual 6.1 (3.9) 5.8 (2.7) NS

Motor 9.1 (3.9) 8.1 (3.3) NS

Attention 8.2 (2.3) 7.9 (2.3) NS

Abbreviations: NS, not signi�cant.

aData are means and (SD) for 36 children with neuro�bromatosis alone.

bData are means and (SD) for 36 children with neuro�bromatosis plus a brain tumor.

Table 6. Domain scores for brain tumor patients who received radi-
ation versus brain tumor patients who did not receive radiation

Domain +XRTa –XRTb Signi�cance

Intellectual (FSIQ) 85.2 (18.9) 95.5 (13.3) NS

Academic achievement 76.9 (18.6) 89.5 (12.4) 02

Language 8.6 (4.7) 9.0 (2.2) NS

Memory 5.3 (2.8) 7.5 (2.7) NS

Visual-motor 6.2 (2.7) 7.9 (2.3) NS

Visual-perceptual 5.4 (3.6) 6.0 (2.5) NS

Motor 6.9 (3.5) 8.5 (3.2) NS

Attention 7.3 (2.8) 8.3 (2.1) NS

Abbreviations: FSIQ, full-scale IQ; NS, not signi�cant.

aData are means and (SD) for 9 brain tumor patients who received radiation.

bData are means and (SD) for 27 brain tumor patients who did not receive radiation.



Neuroimaging studies have revealed areas of abnor-
mality in 50%–60% of NF patients examined (Cohen et
al., 1986; Duffner et al., 1989). These abnormalities,
which appear as areas of increased signal intensity on T2-
weighted or �uid attenuated inversion recovery (FLAIR)
MRI (see Fig. 2), probably represent “abnormal brain
parenchyma, either hamartomas, heterotopias, or local
areas of brain dysplasia” (Duffner et al., 1989, page
373). Several studies have examined the relationship of
these heterotopias to cognitive functioning in children
with NF, but no general consensus has been reached
(Denckla et al., 1996; Duffner et al., 1989; Ferner et al.,
1993; Hofman et al., 1994; Joy et al., 1995; Moore et al.,
1996; North et al., 1994).

In the current study, MRI data available on 77 of the
113 subjects with NF alone showed areas of increased
signal intensity in 68% of the children. Among those
with NF plus brain tumor, 85% evidenced areas of
increased signal intensity on MRI scans. We failed to �nd
an association between the presence of hyperintensities
and tumors (x 2 = .09) in this group of children (NF alone
and NF plus brain tumor), which suggests that subjects
with hyperintensities did not have a higher incidence of
brain tumors than subjects without hyperintensities.

The results of this study using a large population of
children and adolescents with NF generally support the
earlier �ndings of Moore and colleagues (Moore et al.,
1994) that children with NF are at risk for de�cits in aca-
demic skills, memory, visual-spatial abilities, and concen-
tration, but these dif�culties are not signi�cantly impacted
by the additional diagnosis of brain tumor. Therefore, it is
important to monitor children with NF with comprehen-
sive neuropsychological assessments in addition to med-
ical evaluations. The additional diagnosis of brain tumor
does not increase the neuropsychological morbidity of NF
unless the treatment includes cranial irradiation. It is sug-
gested that future studies involving the neuropsychologi-
cal assessment of children and adolescents with NF type I
should include those patients diagnosed with a brain

tumor, but that those treated with cranial irradiation
should be eliminated from statistical analyses.
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Fig. 2. T-2 weighted and �uid attenuated inversion recovery (FLAIR) MRI illustrating optic glioma and hyperintensities.
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