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Structural anomalies revealed by neuroimaging 
studies in the brains of patients-with 
neurofibromatosis type 1 and large deletions 
Bruce R. Korf; MD, PhD1, Gretchen Schneider, MSJ, and Tina Young Poussaint, M p  

Purpose: The basis for cognitive problems in patients with neurofibromatosis type 1 (NFI) is unknown. A sub  
set of N F I  patients with deletion of the entire N F 1  gene has severe learning problems or mental retardation. 
We have reviewed neuroimaging studies (CT and MRI) in five such patients to determine whether structural 
anomalies in the brain are present and might explain the impaired cognitive function. Methods: Five patients 
with N F 1  and deletion of the entire gene were identified by FISH studies. A retrospective review was conducted 
of CT and MRI images, as  well as of data from developmental assessments. Results: All five patients had 
severe developmental impairment. None had been exposed to chemotherapy or radiation therapy. All had mul- 
tiple regions of bright T2 signal intensity. Structural anomalies were seen in three of the five patients and 
included callosal dysgenesis in one, septum cavum vergae and pellucidum in two, mega cisterna magna in one, 
and Chiari I malformation with severe hydrocephalus in one patient. Conclusion: Individuals with N F 1  and large 
gene deletions have an increased frequency of structural anomalies of the brain not usually seen in NF1  patients. 
This suggests that the mental retardation in these individuals is due, at least in part, to abnormal brain devel- 
opment rather than a defect in brain function due to haplosufficiency of the N F 1  gene product. Genetics in Met% 

icine 1999:1(4):136-140. 

Learning disabilities occur commonly in association with 
neurofibromatosis type 1 (NFl),1-5 but mental retardation 
occurs in fewer than 10% of affected  individual^.^,' The mech- 
anisms that underlie cognitive impairment in persons with 
NF1 are unknown. Structural anomalies, including cortical 
dysplasias and heterotopias, have been described in some indi- 
viduals with NF1.8 The NF1 gene is expressed in neurons?1° 
raising the possibility of a functional defect in cortical func- 
tion. Neuroimaging studies usually reveal grossly normal struc- 
tures. Regions of bright T2 signal intensity are commonly 
seen,"-l5 but the relationship of these changes to learning dis- 
abilities is ~ n c e r t a i n . ~ J ~ J ~  

Recently a group of NF1 patients has been described in which 
the NF1 gene mutation consists of a deletion of the entire NF1 
gene along with unknown amounts of flanking DNA.'a23 Indi- 
viduals with such large deletions may have a distinctive phe- 
notype, including facial dysmorphism, a large number of 
neurofibromas, and severe cognitive impairment. The frequency 
of large deletions in the NF1 population may be as high as 
2-5%,23 suggesting that they account for a high proportion of 
NF1 patients with mental retardation. We report here an analy- 
sis of cognitive function and neuroimaging findings in a group 
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of NF1 patients with complete gene deletion. These patients 
have a high frequency of structural brain anomalies, suggest- 
ing a mechanism for mental retardation that may differ from 
that of the more prevalent learning disabilities in NF1. 

METHODS 

We retrospectively analyzed the medical records and neu- 
roimaging examinations of six pediatric patients who were 
identified with deletion of the entire NF1 gene. Clinical fea- 
tures of patients 1,2, and 3 (Table 1) have been described pre- 
v i o ~ s l y , ~ ' ~ ~ ~  AU five fulfilled diagnostic criteria for NF1, including 
multiple neurofibromas. The initial imaging studies included 
computed tomography (CT) in one patient and magnetic res- 
onance (MR) in four patients. Subsequent follow-up MR imag- 
ing studies were obtained in all patients using a 1.5T General 
Electric Signa system in five patients and 1.5T Magnetom sys- 
tem in one patient (Siemens Medical Systems, Erlangen, Ger- 
many). Imaging parameters evaluated included assessment of 
abnormal structures and location, size, extent, density, inten- 
sity, and enhancement of areas of abnormal signal. Develop- 
mental assessments were obtained in the course of routine 
clinical care and were ascertained from chart review. 

RESULTS 

Results of neuroimaging studies and cognitive function are 
shown in Table 1. All of the patients have severe cognitive 
impairment. Full scale IQ scores were available for three patients 
and were less than 70 in each case. One other patient had a 
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Table 1 
Summary of clinical and neuroimaging data in NF1 patients with large deletions 

Patient Sex Age at Last Age at 
Initial Followup Other MR Developmental Other 

Imaging Imaging Hyperintense andlor Assessment Developmental Clinical 
Exam (years) T2 Foci CT Findings (years) Assessment Information Reference 

1 male 10 18 rt cerebellum, none 10 PIQ 60, VIQ 75, seizure disorder 21 

rt basal ganglia, FSIQ 66 treated with 
It frontal white carbamazepine 
matter 

2 male 7 16 It cerebellum callosal dysgenesis; mega 10 VIQ 77; seizure disorder 22 
cisterna magna; septum cavum borderline treated with 
pellucidum and vergae; moderate mental carbamazepine and 
dilation of lateral ventricles retardation gabapentin 

3 female 15 15 rt cerebellum chiari I malformation with severe 12 PIQ 45, VIQ 49 
hydrocephalus 

4 male 2 16 bilateral basal septum cavum pellucidum and 11 PIQ 64, VIQ 73, partial complex 
ganglia vergae; left frontal white matter FSIQ 66 seizures treated 
(disappeared on and left vertex hyperintense with carbamazepine 
follow-up scan) T2 foci ?tumor 

5 female 2 8 bilateral none 6 PIQ 58, VIQ 61, Treated with ACTH 
cerebellar FSIQ 56 for infantile spasms 
hemispheres, 
basal ganglia, 
thalami 

VIQ, verbal IQ; PIQ, performance IQ; FSIQ, full scale IQ. 

performance IQ of 45 and a verbal IQ of 49, and the fifth had patients were found to have foci of hyperintense T2 signal 
been designated as "borderline mentally retarded." None of (located in basal ganglia, cerebellum, and thalami). Structural 
the patients have been exposed to radiation or chemotherapy. brain anomalies were seen in three patients. Imaging abnor- 
Four of the five patients have a history of seizures. Seizures malities found include callosal dysgenesis in one (Fig. I) ,  sep- 
are controlled well using single anti-epileptic medication in tum cavum vergae and pellucidum in two (Figs. 1 and 2 ) ,  mega 
three patients and two medications in one patient. All of the cisterna magna in one (Fig. I ) ,  and Chiari I malformation 

Flg. I Sixteen-year-old boy (patient #2) with callosal dysgenesis, mega cisterna magna, and septum cavum F 
sia of splenium and posterior body of the corpus callosum (arrow). In addition, there is a meaa cisterna maer 
(p) and vergae (v) and moderate enlargement of the lateral ventricles. 

>ellucidurn and vergae. (A) Sagittal T1 image demonstrates hypopla- 
la (m). (B)  Axial T2 image demonstrates septum cavum pellucidum 
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with severe hydrocephalus in one patient (Fig. 3). In one patient 
(#4, Fig. 2), on follow-up scanning, foci of T2 hyperintensity 
in the left frontal vertex and left inferior frontal lobe devel- 
oped, which may represent tumor. 

DISCUSSION 
Most studies of the pathology of NF1 have focused on the 

neoplasms associated with the disorder, especially neurofi- 
bromas. Although learning disabilities and developmental 
delay are among the most common manifestations of the 
condition, there is little known about the cause of these prob- 
lems. Rosman and Pearce8 examined the brains of 10 NF1 
patients, five of whom had severe cognitive impairment. They 

Fig. 2 Sixteen-year-old boy (patient #4) with septum cavum and 
vergae and foci of hyperintense T2 signal in left Frontal lobe that may 
represent tumor. (A) Axial FLAIR image demonstrates septum cavum 
pellucidum (p) and vergae (v) (Band C). Axial FLAIR images demon- 
strate hyperintense foci (arrows) in inferior left frontal lobe ( 1.2 cm 
diameter) (B) and left frontal vertex (2.0 cm diameter)(C). There 
was no enhancement after gadolinium (not shown). 

found areas of disorganized cortex and heterotopias, with 
more abnormalities seen in the cognitively impaired sub- 
jects. The relationship of such changes to learning disabili- 
ties or mental retardation in patients with NF1 is uncertain, 
however, given the relatively spa11 number of patients stud- 
ied and the lack of clear documentation of their cognitive 
function. 

Magnetic resonance imagin~ studies have revealed a distinc- 
tive finding in children with NFI, consisting of foci of hyper- 
intense T2 signal These are not space-occupying 
and are typically located in the basal ganglia, internal capsule, 
brainstem, and cerebellum. These foci appear at age 3 years and 
increase in number and size until age 10 to 12 years, followed 
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Fig. 3 Fifteen-year-old girl (patient #3) with Chiari I malformation. Sagittal T1 image 
demonstrates severe hydrocephalus and Chiari 1 malformation with cerebellar tonsils 
(arroiv) 1.2 cm below the foramen magnum. 

by a subsequent decrease in size.24 There is little information 
regarding the neuropathological basis for these foci. One study 
has revealed vacuolar changes at the site of these foci, suggest- 
ing increased fluid content that may be transient.25 The foci do 
not correlate with distinctive abnormalities of neurological 
examination, but two studies have shown that children with 
learning disabilities and NF1 tend to have a larger number of 
f o ~ i . ~ . ' ~  Other studies have failed to confirm this,17 and in one 
study there was a suggestion that the presence of foci in the thal- 
amus correlates with cognitive function.26 

Although learning disabilities occur commonly in individ- 
uals with NF1, mental retardation affects a much smaller pro- 
portion of patients. Some of these patients appear to have 
deletions of the entire NF1 gene, leading to a distinctive phe- 
notype that includes, in addition to mental retardation, the 
development of a large number of neurofibromas and dys- 
morphic facial appearance.'8-23 The reason for this severe pre- 
sentation is unknown. Haploinsufficiency for the NF1 gene 
may play a role, or there may be deletion of contiguous genes 
that contribute to this phenotype. Because deletion studies 
have mostly been performed in the more severely affected indi- 
viduals, there remains the possibility of ascertainment bias. 

In the present study of five patients with NF1 deletions and 
severe developmental impairment, we have found a high fre- 
quency of structural abnormalities of the brain. One of our 
patients was found to have severe hydrocephalus, presumably 
due to Chiari I malformation. Hydrocephalus in individuals 
with NF1 may occur in association with aqueductal steno- 
sis ,~ 1,15,27,28 and Chiari I malformation has been reported in 

patients with NFl.lS Of the other four patients, two had struc- 
tural brain anomalies, including one with dysgenesis of the 
corpus callosum and mega cisterna magna, and septum cavum 

vergae and pellucidurn and one with septum cavum vergae and 
pellucidum. These features are not commonly reported in MRI 
studies in patients with NFl, although it is not clear how care- 
fully such findings have been searched for. Careful analysis for 
structural brain anomalies in NF1 patients with learning dis- 
abilities but without large deletions would be warranted. Cavum 
septum pellucidum and ~ e r ~ a e ' ~ - ~ '  and mega cisterna rnagna3' 
have been found with increased frequency in non-NF affected 
individuals with impaired development. Interestingly, both of 
our patients with these findings had seizures, as did two other 
deletion patients without structural anomalies. In our previ- 
ous studies, seizures have been found to affect only approxi- 
mately 6% of individuals with NF 1 33. 

These findings suggest that the mental retardation in NF1 
patients with large deletions are due, at least in part, to disor- 
dered brain development. This may indicate that the NF1 gene 
product is necessary for normal brain development. Alterna- 
tively, the effect on development may be due to deletion of 
genes contiguous to NF1. This question may be resolved by 
MRI examination of NFl patients with mental retardation who 
do not have large deletions. There is also a need for further 
examination of brain structure in individuals with NF1, stud- 
ied with modern imaging and pathological methods and cor- 
related with detailed assessment of cognitive function. 
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