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PURPOSE: To evaluate with contrast MR the evolution in size, signal, and contrast enhancement
of optic pathway lesions in four patients with neurofibromatosis type 1. METHODS: The four
reported patients are children with ages ranging from 21 months to 13 years affected by neurofi-
bromatosis type 1 and optic pathway lesions. No treatment of the optic pathway lesions was carried
out in these patients. They have been followed by serial contrast MR. RESULTS: In all patients a
change in size, signal, and enhancement of optic pathways lesions was noted with time, and in the
last follow-up study a marked reduction in size and enhancement of optic pathway lesions was
observed in all cases. CONCLUSIONS: Modification and regression of optic pathway lesions with
spontaneous disappearance of the enhancement is demonstrated. This finding could have a crucial
influence on the therapeutic approach of the optic pathway lesions.
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Neurofibromatosis is a genetic disorder char-
acterized by the association of nervous system
lesions with cutaneous abnormalities. Eight
types of neurofibromatosis have been de-
scribed; the most common is neurofibromatosis
type 1 occurring in 1 in 3000 births. This disor-
der is transmitted as an autosomal dominant
trait, although spontaneous mutations are re-
sponsible for about half the cases (1). Among
these patients, intracranial abnormalities ac-
count for some of the most frequent and dis-
abling features (1). The incidence of the central
nervous system tumors in patients with neuro-
fibromatosis is much higher than in the general
population (2). Central nervous system neo-
plasms occur in the form of optic pathway gli-
omas, astrocytomas, and ependymomas and
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are a common cause of death in children af-
fected by neurofibromatosis type 1 (1). Optic
pathway gliomas are the most frequent tumor in
neurofibromatosis type 1: their incidence has
been reported to range from 15% to 70% (3–4).
Central nervous system dysplasia are also com-
mon; they may be manifest by a wide spectrum
of hamartomatous or heterotopic lesions within
the brain (1).
In this study four patients affected by neuro-

fibromatosis type 1 and optic pathway lesions
were sequentially studied with contrast mag-
netic resonance (MR) to evaluate the evolution
of size, signal, and contrast enhancement of the
lesions.

Subjects and Methods
Eleven patients affected by neurofibromatosis type 1,

including seven girls and four boys ranging in age from 21
months to 13 years (average, 7.3 years) were studied with
serial MR. One or more follow-up studies were performed
in all cases for a total of 32 cranial MR examinations; 23
studies were done with contrast medium. The follow-up
studies were done 3 to 13 months after the first examina-
tion; only in one case was the first follow-up done 3 years
after the baseline study. A review of these sequential cra-
nial MR examinations revealed five patients with optic
pathway lesions. In one patient, a 10-year-old girl, on the
1



Fig 1. Case 1.
A–C, Baseline study at 21 months of age. A and B, Coronal and transverse postcontrast T1-weighted images (450/15 and 600/15).

C, Transverse T2-weighted image (3000/120). An increase in size, signal, and enhancement of the optic chiasm and tracts are shown.
A striking enhancement of the region of the lateral geniculate bodies and of the retrolenticular portion of the internal capsule is also
detectable. Focal areas of hyperintensity are also present in the right midbrain (C).

D–F, First follow-up study at 28 months of age. D and E, Coronal and transverse T1-weighted images (500/15 and 600/15). F,
Transverse T2-weighted image (3000/120). A further increase in the enhancement of the optic chiasm and tracts and a clear reduction
in the enhancement of posterior optic pathways are evident. The signal alteration of the optic pathway lesions has not changed.
Furthermore we observe an increase in size, signal, and enhancement of the hypothalamus (D and F). Figure continues.
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Fig 1, continued.
G–I, Last follow-up at 40 months of age.

G and H, Coronal and axial postcontrast T1-
weighted images (600/15). I, Transverse
T2-weighted image (2200/90). The size of
the optic chiasm is normal, and there is no
enhancement. A reduction in the optic path-
way lesion hyperintensity is also evident.
There is a slight increase in the midbrain
signal alteration and a decrease in size, sig-
nal, and enhancement of the hypothalamic
lesion (I).

J and K, Transverse T2-weighted images
(2200/90). Focal areas of hyperintensity are
detected in the cerebellum and right basal
ganglia; these lesions did not change on the
follow-up studies.
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first examination we observed an increase in the size of the
right optic nerve with no signal alteration; this finding did
not change during the follow-up studies over 3 years.

In four patients the optic pathway lesions found on the
baseline studies showed an involution as time passed.
These four patients were two boys and two girls, ranging in
age from 21 months to 13 years. They were sequentially
studied with contrast cranial MR. The diagnosis of neuro-
fibromatosis type 1 was made on the basis of the criteria
established by the National Institutes of Health Consensus
Development Conference in 1987. The patients underwent
MR examinations as follows: case 1 (M.A., male) at 21, 28,
32, 35, and 40 months of age; case 2 (C.M., male) at 25
and 40 months of age; case 3 (F.M., female) at 22, 28, and
38 months of age; and case 4 (U.E., female) at 13 years
and after 4 and 8 months. Cases 1, 2, and 3 were asymp-
tomatic and had normal neurologic findings at the time of
the baseline study. In case 1, intermittent esotropia of the
left eye and a slight proptosis of the right eye had devel-
oped on the follow-up study. Case 4 presented with sei-



Fig 2. Case 2.
A–C, First examinations at 25 months

of age. A, Transverse postcontrast T1-
weighted image (450/15). B, Transverse
T2-weighted image (3000/120). An in-
crease in volume, hyperintensity, and con-
trast enhancement of the optic chiasm and
hypothalamus are shown. A focal area of
high signal is noted in the right midbrain
(B).

C–E, Control study at 40 months of age.
C, Transverse T2-weighted image (3000/
120). An area of high signal is noted in the
right basal ganglia. D, Transverse post-
contrast T1-weighted image (520/15).
E, Transverse T2-weighted image (2500/
90). The size of the optic chiasm is normal,
and the enhancement is no longer detect-
able; a slight signal alteration of the chi-
asm and hypothalamus is evident again.
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zures. A cerebral astrocytoma was detected. The patient
underwent surgical resection of the astrocytoma with no
subsequent radiation therapy or chemotherapy. No treat-
ment was carried out in cases 1, 2, and 3.

The MR examinations were performed on a 1.5-T sys-
tem. Images were obtained in the transverse plane with a
proton density– and T2-weighted double-echo spin-echo
sequence (2200–3000/15–20, 90–120 [repetition time/
echo time]) and in the transverse or coronal plane with a
T1-weighted spin-echo sequence (450–600/15). All the
patients were also studied after receiving contrast medium
(gadopentetate dimeglumine) administration with T1-
weighted spin-echo sequences in the transverse and coro-
nal planes and occasionally in the sagittal plane. The sec-
tion thickness was 5 and 4 mm with an acquisition matrix
of 256 3 256.
Results

In all patients the baseline studies showed
increase in size, hyperintense signal on T2-,
proton density–weighted images, and enhance-
ment of optic chiasm and optic tracts (Figs 1A,
B, and C; 2A and B; 3A and B; and 4A and B).
In case 1 the signal alteration and the enhance-
ment also involved the right optic nerve, the
lateral geniculate bodies, and the retrolenticular
portion of the internal capsules; also in cases 2
and 3 there was an involvement of the optic
nerves.
Case 1 showed a further increase in size, sig-

nal, and contrast enhancement of the optic chi-



Fig 3. Case 3.
A and B, Baseline study at 22 months of age. A, Coronal postcontrast T1-weighted image (450/15). B, Transverse T2-weighted

image (3000/120). An increase in size, a marked enhancement, and a hyperintensity of the optic chiasm are shown. Signal alteration
of the midbrain is also detected (B).

C and D, First follow-up at 28 months of age. C, Coronal postcontrast T1-weighted image (450/15). D, Transverse T2-weighted image
(3000/120). An increase in size of the optic chiasm is evident; there is a slight decrease in the hyperintensity of the left side of the optic
chiasm and a change of the enhancement. There is also a progressive involvement of the fornix.

E and F, Last study at 38 months of age. E, Coronal postcontrast T1-weighted image (600/15). F, Transverse T2-weighted image
(2500/90). The enhancement and the signal alteration of the optic chiasm have almost completely disappeared; there is a slight
reduction in the lesion size too.
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Fig 4. Case 4.
A and B, First study at 13 years of age. A, Coronal postcontrast T1-weighted image

(450/15). B, Transverse T2-weighted image (2400/90). An increase in size, signal, and
enhancement of the right optic chiasm and the optic tract are shown.

C and D, Second study after 4 months. C, Coronal postcontrast T1-weighted image
(600/15). D, Transverse T2-weighted image (2400/90). A slight increase in signal and
enhancement of the lesion is observed.

E and F, Last examination after 8 months. E, Coronal postcontrast T1-weighted
image (600/15). F, Transverse T2-weighted image (2400/90). A reduction in size, a
slight signal decrease, and the disappearance of the enhancement are shown.

G, Transverse T2-weighted image (2400/90). Focal areas of high signal are de-
tected in the basal ganglia bilaterally; these lesions did not change during the follow-up
studies.
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asm and optic tracts in the first follow-up ob-
tained after 7 months (Fig 1D and F); however,
there was a clear reduction in the posterior optic
pathways enhancement while a hyperintensity
on T2-, proton density–weighted images was
noted again (Fig 1E and F).
In case 3, the first follow-up obtained after 6

months showed a further increase in size of the
optic chiasm and optic tracts with a decrease in
signal on the left optic chiasm and a change in
enhancement (Fig 3C and D).
In case 2 we had only one follow-up, obtained

after 15 months; the MR examination showed a
complete disappearance of the optic pathway
lesion enhancement and only slight signal alter-
ation on T2-, proton density–weighted images
(Fig 2D and E). Case 4 showed a very slight
increase in signal and enhancement of the le-
sion in the first control study, obtained after 4
months (Fig 4C and D).
Progressively, in the further follow-up studies,

in all the cases there was a dramatic reduction
in the optic pathway lesion enhancement until it
was no longer present in the last follow-up. The
optic pathway lesions exhibited only a slight
hyperintensity on long-repetition-time images.
In the last study the size of the optic pathways
was normal in cases 1 and 2 (Figs 1G, H, and I;
2D and E), whereas the size of the optic chiasm
and optic tracts was larger than normal in cases
3 and 4 (Figs 3E and F; 4E and F).
In cases 1, 2, and 4, focal areas of hyperin-

tensity on T2-, proton density–weighted images
were detected in the cerebellum and midbrain,
basal ganglia, and white matter (Figs 1J and K;
2C; and 4G); these lesions did not change dur-
ing the follow-up studies. Only in case 1 did a
midbrain lesion become more evident in the
periaqueductal region over time (Fig 1C, F, and
I). In case 3 a midbrain lesion became more
extensive, and a new cerebellar lesion appeared
during the control studies. Furthermore, in the
same case a progressive involvement of the
fornix and the anterior commissure with an ab-
normal enhancement was detected. The lesion
caused a hydrocephalus affecting the foramen
of Monro (Fig 3A, C, and E).
In cases 1 and 2 an increase in the size of the

hypothalamic region with hyperintensity on
T2-, proton density–weighted images and con-
trast enhancement after gadopentetate dime-
glumine injection was observed (Figs 1D and F;
2A and B). In the last control study, the en-
hancement was no longer detectable (Figs 1G
and H; 2D).

Discussion

Today neurofibromatosis is considered a
complex disorder of the neural crest with forma-
tion of dysplastic and neoplastic lesions that
involve all organs and tissues, in particular the
central nervous system. The most typical MR
feature of neurofibromatosis type 1 is the pres-
ence of focal intraparenchymal areas of hyper-
intensity on T2-, proton density–weighted im-
ages. The foci of T2–proton density hyper-
intensity do not exhibit mass effect or edema,
fail to enhance with gadolinium, and seem to
change in size as time passes, particularly in
young patients (1, 4–6). In our cases we ob-
served foci of high signal on T2-, proton
density–weighted images that did not change
during follow-up. Only in one asymptomatic pa-
tient were an increase in size of a midbrain
lesion and the appearance of a new cerebellar
lesion detected. The real nature of these lesions
is unknown, and the apparently benign features
of focal areas of increased signal have led most
authors to suggest that these lesions represent
hamartomas or heterotopias (1). Other possible
pathologic explanations include low-grade tu-
mor or preneoplastic areas (6).
Optic pathway gliomas are the most com-

mon tumors in patients affected by neurofibro-
matosis type 1; they have an incidence from
15% to 70% according to the different studies
(3, 4). Optic pathway gliomas typically appear
at an early age and have a peak incidence
around 4 to 5 years of age (5). Usually they are
limited to one or both optic nerves, but in some
cases they involve the posterior optic pathways.
Their clinical course is extremely variable. Fre-
quently they are asymptomatic and nonpro-
gressive, and hence have a good prognosis, but
sometimes they can enlarge rapidly, leading to
visual impairment and exophthalmos. Occa-
sionally they behave in a biologically aggressive
fashion, with development of leptomeningeal
metastasis (7). The prognosis seems to be
poorer when there is a posterior optic pathway
involvement, with the possibility of having hy-
drocephalus and hypothalamic dysfunction (8).
The MR manifestations of optic pathway lesions
are usually an increase in size, a mild to strong
hyperintensity on T2-, proton density–weighted
images, and an isohypointensity on T1-
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weighted images (4). There is a great variability
of enhancement after intravenous injection of
gadopentetate dimeglumine.
Very little information concerning the clinical

and MR follow-up of optic pathway gliomas in
patients affected by neurofibromatosis type 1 is
available. One case of spontaneous regression
of optic pathway lesions in patients with neuro-
fibromatosis type 1 has been described, but we
found no reports about the change of signal
intensity and contrast enhancement (9). In our
study we observed by means of MR imaging the
spontaneous decrease in size, signal intensity,
and contrast enhancement of the optic pathway
lesions in four patients affected by neurofibro-
matosis type 1. In these cases, optic pathway
lesions, even though they are true masses that
can enhance, seem to behave like the white
matter lesions; but unlike them, not only signal
intensity but also mass size and enhancement
vary with time.
The possibility of spontaneous regression of

an enhancing neoplasticlike lesion seems to be
very uncommon and difficult to explain. Like
the white matter lesions, the optic pathway in-
volvement detected by MR in neurofibromatosis
type 1 probably represents a spectrum of dis-
ease and not a homogeneous group. They
range from benign hamartomalike lesions with
self-limited growth (8) to very malignant astro-
cytomas. In addition, optic pathway lesions as-
sociated with neurofibromatosis type 1 could
have distinct features in comparison with those
that arise in patients without phakomatosis. The
average age at the time of diagnosis of this
tumor is lower in patients with neurofibromato-
sis than in patients without neurofibromatosis
(2).
In our cases the optic pathway lesions could

represent dysplastic changes rather than true
neoplastic lesions. The change of optic pathway
lesions signal and enhancement and hence of
the blood-brain barrier integrity could represent
the different degree of activity of the lesions,
and the disappearance of the enhancement with
time could express the progressive maturation
of the blood-brain barrier and the development
of new patterns of vascularization.
In conclusion, we found that optic pathway

lesions in neurofibromatosis type 1 can regress
spontaneously. Those findings underline the ex-
treme heterogeneity of these lesions and may
have clinical implications. A screening MR
study is recommended in patients with neurofi-
bromatosis type 1, even in the absence of neu-
rologic deficits, to detect clinically silent optic
pathway involvement, and serial MR studies are
required to follow the evolution of these lesions.
No aggressive treatment should be undertaken
without follow-up studies, and neurosurgical re-
section should be limited to those lesions that
are clinically and radiologically in progression.
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