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Purpose: Neurofibromatosis type 1 (NF1), which is caused by mutations of the NF1 gene, is the most frequent single gene

disorder to affect the nervous system. Unidentified bright objects (UBOs) are commonly observed on brain magnetic
resonance imaging (MRI) in patients with NF1. However, their clinical and pathologic significance is not well understood. The
purpose of this study was to investigate the correlation between UBOs and cerebral glucose metabolism measured by 18F-2Fluoro-2-deoxy-D-glucose (18F-FDG) positron emission tomography (PET) in Korean patients with NF1.
Materials and Methods: Medical records of 75 patients (34 males and 41 females) with NF1 who underwent brain MRI and PET
between 2005 and 2011 were evaluated retrospectively. Clinical data including demographics, neurological symptoms, and
brain MRI and PET findings, were reviewed.
Results: UBOs were detected in the brain MRI scans of 31 patients (41%). The region most frequently affected by UBOs
was the basal ganglia. The most frequent brain PET finding was thalamic glucose hypometabolism (45/75, 60%). Of the 31
patients with UBOs, 26 had thalamic glucose hypometabolism on brain PET, but the other 5 had normal brain PET findings.
Conversely, of the 45 patients with thalamic glucose hypometabolism on brain PET, 26 showed UBOs on their brain MRI
scans, but 19 had normal findings on brain MRI scans.
Conclusion: UBOs on brain MRI scans and thalamic glucose hypometabolism on PET appear to be 2 distinctive features of
NF1 rather than correlated symptoms. Because the clinical significance of these abnormal imaging findings remains unclear, a
longitudinal follow-up study of changes in clinical manifestations and imaging findings is necessary.
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Introduction
Neurofibromatosis type I (NF1) is the most common autosomal
dominant neurocutaneous syndrome affecting approximately

1 in every 3,500 individuals.1, 2) Clinical symptoms of NF1 include
multiple café au lait spots, neurofibromas in the skin, optic nerve
glioma, Lisch nodules on the cornea, axillary or inguinal freckling,
and skeletal dysplasia.
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Focal areas of high signal intensity on T2-weighted images,
which are defined as unidentified bright objects (UBOs), are com
monly (43-93%) observed on brain magnetic resonance imaging
(MRI) scans of patients with NF1.3, 4) The most commonly involved
anatomic sites are the basal ganglia, cerebellum, midbrain, and
the subcortical white matter.4) However, UBOs are not always
correlated with neurological symptoms, and are even present in
patients without neurological symptoms. Pathologically, UBOs
may represent increased fluid within myelin associated with
hyperplastic or dysplastic glial proliferation.5) Although there have
been several reports showing an association between UBOs and
various clinical manifestations of NF1, including Lisch nodules,
subcutaneous neurofibromas, optic glioma, other central nervous
system neoplasms, cognitive deficits, and learning disabilities,6-8)
the clinical implications and functional characteristics of UBOs
are not well understood.
Positron emission tomography (PET) with 18F-2-Fluoro-2deoxy-D-glucose (18F-FDG) enables assessment of local cerebral
glucose metabolism. The cerebral glucose metabolic rate is closely
related to brain activity.9) In some patients with neurological
abnormalities, the presence of areas of abnormal metabolism
identified by PET has been attributed to cytoarchitectural
disorders and biochemical abnormalities undetectable by
conventional imaging techniques.10) Therefore, 18F-FDG PET
appears to be an appropriate tool for investigating putative
functional correlations in the brains of patients with NF1.
The authors thus performed a retrospective review of patients
with NF1, who underwent both brain MRI and 18F-FDG PET,
to investigate the functional characteristics of UBOs and to
determine whether there is any correlation between UBOs and
cerebral glucose metabolism.

Materials and Methods
Medical records of 75 patients (34 males and 41 females)
diagnosed with NF1 based on standard clinical criteria8) and who
underwent brain MRI and PET between Jan 2005 and Dec 2011
were evaluated retrospectively. Patients who had intracranial
tumors or who underwent cranial surgery were excluded. Clinical
data including demographics, neurological symptoms, and brain
MRI and PET findings, were reviewed. This study was approved by
the institutional review board of Ajou University Hospital, Suwon,
Korea (AJIRB-MED-MDB-12-344).
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1. MR imaging
All MRI examinations were performed using a 1.5T MR imaging
scanner (Genesis Signa, Signa Excite; GE Medical Systems,
Milwaukee, WI) with a quadrature head coil. Unenhanced T1weighted (TE 9, TR 400), T2-weighted (TE 107, TR 3300), fluidattenuated inversion recovery (FLAIR; TE 142, TR 8800, TI 2200),
and contrast-enhanced T1-weighted (TE 9, TR 400) images
were obtained using axial spin echo sequences. Other imaging
parameters were as follows: matrix, 320×256; field of view, 20
cm; slice thickness, 5 mm; number of acquisitions, 1.
2. 18F-FDG PET studies
PET/computed tomography (CT) data were acquired with a
Discovery ST scanner (General Electric Medical Systems, USA).
After fasting for at least 4 h, patients were administered 300
MBq of 18F-FDG intravenously. The serum glucose levels of
all subjects were checked prior to 18F-FDG injection. All were
instructed to rest comfortably for 30 min with their eyes closed
before image acquisition was initiated. We first performed a CT
scan (tube-rotation time 1 s per revolution, 120 kV, 70 mA, 5.0
mm per rotation, acquisition time 11.8 s, scan length 150.42 mm).
Thereafter, emission PET data were acquired at 8 min per frame
in the three-dimensional mode. PET images were obtained by
iterative reconstruction (i.e., ordered subsets of expectation
maximization, with 1 iteration and 32 subsets), and the CT images
were used to correct the attenuation.
3. Statistical analysis
All results are expressed as mean ± standard deviation. A P
value<0.05 was considered significant. All statistical analyses
were performed using SPSS version 15.0 (SPSS Inc., Chicago, IL,
USA).

Results
The medical records of 75 patients with NF1 (34 males and 41
females) were reviewed. The mean age of the patients was 23.1±
14.2 years; 32 patients were aged <18 years and 43 patients were
aged ≥18 years.
UBOs were apparent in the brain MRI scans of 31 patients (31/75,
41%) (Fig. 1). Of these 31 patients, 20 were younger than 18 years.
UBOs were most frequently observed in the basal ganglia (18/31,
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Fig. 1. Representative brain magnetic resonance imaging (MRI) showing unidentified bright objects
(UBOs) (arrows) in the basal ganglia (A) and thalamus (B).
Table 1. Number of Patients with or without UBO and Brain PET
Abnormality
Patients with
Patients without
UBOs
UBOs
(n=31)
(n=44)
Thalamic glucose hypometabolism
26
19
on PET (n=45)
Normal brain PET (n=30)
5
25

Fig. 2. Representative brain PET imaging showing reduced 18F-FDG
uptake in the bilateral thalamus presented in green color (arrows) that
implicates bilateral thalamic glucose hypometabolism.

58%), followed by in the cerebellum (16/31, 51%), hippocampus
(12/31, 39%), thalamus (7/31, 23%), pons (3/31, 10%), midbrain
(2/31, 6%), and medulla oblongata (2/31, 6%).
Because patients who had an intracranial tumor or who had
undergone cranial surgery were excluded from this study, the only
abnormal finding on brain PET was thalamic glucose hypometa
bolism presented in green color in brain PET imaging, which
was detected in 45 patients (60%). Reduced thalamic 18F-FDG
uptake was observed bilaterally (Fig. 2). The other 30 patients had
normal brain PET finding implicating normal cerebral glucose
metabolism.

Of the 31 patients with UBOs, 26 (83.9%) had thalamic glucose
hypometabolism on brain PET, but the remaining 5 (16.1%)
patients had normal brain PET findings. Conversely, of the 45
patients with thalamic glucose hypometabolism detected
by brain PET, 26 (57.8%) had UBOs on their brain MRI scans.
However, the other 19 (42.2%) patients with thalamic glucose
hypometabolism had normal brain MRI findings (Table 1).
We also analyzed 7 patients (2 males and 5 females) who had
thalamic UBOs. Their median age was 7.2 (range, 4-26) years.
None of them had focal neurologic symptoms. Thalamic glucose
hypometabolism was identified by PET in 5 of these patients; the
other 2 patients had normal brain PET images. Four of the patients
completed a neuropsychiatric test. Their median Full-Scale IQ
(FSIQ) was 86.5 (76-98) as measured by the Korean Wechsler
Intelligence Scale for Children 3rd edition (K-WISC-III) or the
Korean Wechsler Adult Intelligence Scale (K-WAIS), whichever
was most appropriate for their age. Their median social quotient
(SQ) as measured by social maturity scale (SMS) was 94.5 (81-118).

Discussion
UBOs are frequently found in the T2-weighted MR images
of patients with NF1. However, the biochemical and functional
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characteristics of these UBOs remain unclear. Over the past 10
years, several groups have reported that mutation of the NF1
gene leads to multiple disorders of glial cell types, including
astrocytes, oligodendrocytes, and microglia.11-14) Although this
could contribute to cerebral tissue damage, the biochemical
and functional characteristics of such damage are not well
understood.
In this study, 41% of all patients had UBOs, which is consistent
with the findings of previous studies that have not considered
patient age.3, 4) Of the 31 patients with UBOs that were included in
this study, 20 (65%) were younger than 18 years. Twenty (60%) of
the 33 patients aged under 18 years had UBOs, whereas 11 (26%)
of the 42 patients aged 18 years and above had a UBO. The natural
tendency of UBOs to disappear in adulthood is well known,14) and
seems to be consistent with our findings. However, despite our
hypothesis that cerebral glucose metabolism could be helpful for
providing information on the functional characteristics of UBOs,
the presence of UBOs and cerebral glucose metabolism were not
directly related. Moreover, these were also observed in patients
with thalamic UBOs.
Moore et al. demonstrated a significant association between
thalamic UBOs and deficits in IQ, memory, motor function, dis
tractibility, and attention domains, but no such associations
were detected for UBOs in the basal ganglia, brain stem, or
cerebellum.15) The authors suggested that the simple presence or
absence of UBOs, or their total number, is not as important as their
location: UBOs in the cerebral cortex, basal ganglia, brain stem,
or cerebellum seem to have no impact on neuropsychological
function whereas UBOs in the thalamus do. Goh et al. also
reported that UBOs in the thalamus were associated with lower
intellectual function, and the size of the thalamic lesions was
correlated with cognitive function.16) In this study, 7 patients
had thalamic UBOs. Of these, 5 (71.4%) had thalamic glucose
hypometabolism, and the other 2 (28.6%) patients had normal
PET images. Therefore, we could not find any direct associations
between the presence of UBOs in the thalamus and glucose
hypometabolism, but the number of subjects is too small to draw
any definite conclusions.
The thalamus appears to be affected in patients with NF1,
as shown by the reduction in scaled 18F-FDG retention in their
cerebral PET images. A hypometabolic pattern has been reported
in several studies of brain PET images of patients with NF1.9, 10)
Therefore, it is possible that there is a relationship between
cerebral hypometabolism and cognitive impairment in patients
with NF1.10) North et al. suggested that the pathogenesis of
the neurological deficit in patients with NF1 was as follows:

mutations of the NF1 gene result in lesions in the CNS with
aberrant control of cell growth and differentiation.6, 17) These
lesions disrupt important neuronal circuits involved in higher
cognitive processing and manifest as specific cognitive deficits
rather than as focal neurological signs. Since the thalamus plays
a significant role in motor coordination and in the integration of
complex cognitive functions, thalamic dysfunction caused by the
mechanism, as suggested by North et al., might indeed give rise
to the observed NF1-related neurological deficits.9) In this study,
in terms of cognitive function, 4 of the 7 patients with thalamic
UBOs, who completed a neuropsychiatric test had a median FSIQ
of 86.5 (76-98), which is classified as “low average,” and a median
SQ of 94.5 (81-118), which is classified as “average.” These results
are thus ambiguous and it is not possible to draw any conclusions.
There are several limitations to this study. First, our data are
cross-sectional, and a longitudinal follow-up study is needed
because NF1 is a progressive disease. Although we excluded pa
tients with brain tumors, Griffith et al. performed a longitudinal
MRI study and reported that brain tumors in several children
with NF1 developed at the sites of previously detected UBOs.3) In
addition, they reported that the children who developed brain
tumors tended to have more UBOs than other children their
age with NF1.3) Therefore, a longitudinal study with follow-up
brain imaging is warranted to investigate tumor development in
patients with UBOs. Second, cognitive function was not analyzed
and so cannot be correlated with the imaging abnormalities
(no thorough neuropsychiatric evaluations were performed).
Because this study was based on a retrospective chart review, the
neuropsychiatric evaluations that were performed were incon
sistent, and so it was practically impossible to obtain reliable data.
In addition, no reliable statements about the relevance of the
UBOs and thalamic glucose hypometabolism can be made since
the brain MR findings and cerebral PET images appeared not to be
related.
Balestri et al. previously suggested that UBOs and hypometa
bolism in brain PET images were independent and distinctive
features of NF1 because metabolic activity was normal in areas
that appeared to be abnormal on MRI.10) Our study findings are
consistent with their report, and we reproduced their findings in a
relatively large number of subjects (75 patients). To further clarify
the role of UBOs and thalamic glucose hypometabolism in NF1, a
prospective longitudinal study with a larger number of subjects
and with systemic assessment of neuropsychological function is
required.
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