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Purpose: To assess the value of contrast-enhanced MR in the evaluation of radiation-induced optic 

neuropathy. Materials and Methods: Three patients with rapid visual loss H 2 to 3 years after 

radiation therapy to the optic nerves were studied with gadopentetate dimeglumine-enhanced MR 

images. All patients received over 5000 cGy, experienced rapid, permanent visual loss over several 

days to weeks, and underwent MR within weeks of presentation. Results: Enhanced MR images 

on each patient revealed focal discrete enhancement of the intracranial optic nerve. One patient 

underwent biopsy of the enhancing segment; this revealed pathologic changes of radiation optic 

neuropathy. Optic nerve enhancement in a patient with visual loss and a prior history of radiation 

therapy to the orbits or optic nerves suggests radiation optic neuropathy. Conclusion: Contrast

enhanced MR of the orbits, optic nerves, and chiasm is the imaging test of choice in patients with 

vision loss after radiation therapy for sellar or skull base disease; MR findings may obviate the 

need for biopsy. 
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Radiation therapy (RT), either alone or in com
bination with surgery or chemotherapy, is an 
important therapeutic modality for many lesions 
of the brain, skull base, and extracranial head and 
neck. Complications of high-dose radiation, al
though uncommon, may occur. The most dev
astating complication of RT, radionecrosis, may 
involve normal tissues and may mimic recurrent 
disease on both the clinical presentation and 
follow-up imaging studies. We report three cases 
of radiation-induced optic neuropathy detected 
with gadopentetate dimeglumine (Gd-DTP A)-en
hanced magnetic resonance (MR) imaging. Bi
opsy of the involved optic nerve in one patient 
confirmed the diagnosis of radiation-induced op
tic neuropathy. 
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Materials and Methods 

Three patients presented with visual symptoms referable 
to the anterior visual pathways 1 112 to 3 years after 
receiving RT that included the prechiasmic optic nerves 
and the chiasm within the field . MR was performed within 
several weeks of onset of symptoms. MR (1.5 T; General 
Electric, Milwaukee, WI , or Philips, Shelton, CT) techniques 
included precontrast T1-weighted images 500-800/15-
30/1-2 (TR/TE/excitations) in both the axial and coronal 
planes; two patients also had T2-weighted axial images 
(1800-2500/20-70 or 40-90/1). Gd-DTPA (Berlex; 
Wayne, NJ) was administered in a standard dose (0.1 
mmol/kg) and immediate thin section (3-5 mm) Tl 
weighted images were obtained in either the axial or coronal 
plane through the optic nerves and chiasm. One patient 
underwent an additional axial postcontrast T1 -weighted 
sequence using fat suppression (spectral presaturation in
version recovery). 

Case Reports 

Case 1 

A 72-year-old woman presented with diplopia and a left 
partial third nerve palsy; prolactin level at presentation was 
300 ng/mL and MR images revealed a large sellar mass 
with suprasellar extension and invasion of the left cavern
ous sinus. She underwent a transsphenoidal hypophysec
tomy and subtotal resection of a pituitary adenoma; inva
sion of the left cavernous sinus was confirmed at surgery. 
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Postoperative RT to the pituitary fossa, which was begun 
7 weeks after surgery, consisted of 5400 cGy using a three
field technique with 180 cGy per day for 30 treatments. 
Her third nerve palsy and diplopia resolved and she expe
rienced no visual complaints. Thirty-five months later the 
patient developed headaches and visual loss, referable to 
the right optic nerve , occurring over a several day period. 
An MR with Gd-DTPA was performed which revealed no 
recurrent tumor. Unenhanced Tl- and T2-weighted images 
through the orbits and optic nerves were normal. Contrast
enhanced Tl -weighted images revealed a mildly enlarged 
right prechiasmic optic nerve with focal enhancement that 
extended for approximately 1 em (Fig. 1 ). A presumptive 
diagnosis of radiation optic neuropathy was made. Her 
visual loss did not resolve. 

Case 2 

A 56-year-old woman underwent left maxillectomy for 
recurrent adenoid cystic carcinoma of the left parotid gland. 
She was treated with two cycles of postoperative chemo
therapy with cisplatin and adriamycin. This was followed 
by local radiation therapy consisting of a specified tumor 
dose of 6600 cGy at 200 cGy per fraction . Review of the 
radiation fields suggested volume maximums of 7000-
7500 cGy to the inferior left orbit and medial right orbit. 
Therefore, although the left optic nerve received a higher 
dose of radiation to a larger segment, several millimeters 
of the right posterior optic nerve did receive 6500-7000 
cGy. Twenty-four months later she presented with painless, 
progressive visual loss in the right eye during a 2-week 
period. A postcontrast T1-weighted MR revealed focal 
enhancement of a mildly enlarged right prechiasmic optic 
nerve (Fig. 2). Precontrast T1-weighted images, T2-
weighted images through the orbits and optic nerves, and 
a postcontrast fat-suppression sequence obtained in the 
axial plane through the orbits were normal. No recurrent 
facial, parotid , or skull base mass was seen. However, 
although the presumed diagnosis was radiation optic neu
ropathy, the patient was felt to be at high risk for recurrent 
disease, and an open biopsy was performed. Pathology 
showed macrophages, pronounced reactive gliosis, and 

Fig. 1. Axial (A) and coronal (B) en
hanced Tl -weighted images (600/25) 
through the optic nerves and chiasm reveal 
enhancement of the right optic nerve im
mediately in the prechiasmic portion (white 
arrow). Notice the nerve is slightly enlarged 
as compared to the normal left side. 
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fibrosis and hyalinosis of small blood vessels, confirming 
the prebiopsy impression of radiation optic neuropathy. 

Case3 

An elderly woman was diagnosed with an extensive 
nasopharyngeal carcinoma arising in the right fossa of 
Rosenmuller extending to the skull base. She was treated 
with fluorouracil and cisplatin, followed by radiation ther
apy. A tumor dose of 5040 cGy was delivered at 180 cGy 
per fraction , followed by an additional 1400 cGy at 200 
cGy per day. Radiation fields included the nasopharynx, 
base of skull, posterior orbits, and intraorbital and intracra
nial optic nerves to the optic chiasm. Eighteen months 
later she presented with bilateral visual loss. Precontrast 
T1-weighted images were normal. Postcontrast MR images 
revealed enhancement of the intracranial prechiasmic right 
and left optic nerves over a short segment (Fig. 3). The 
presumed cause was radiation optic neuropathy, and she 
was treated with corticosteroids. Her visual loss was per
manent. 

Discussion 

Visual loss in a patient who has undergone sur
gery, chemotherapy, or RT alone, or as adjuvant 
therapy for skull base or sella tumor, may be 
secondary to recurrent or progressive tumor, radia
tion-induced neoplasms, arachnoidal adhesions 
around the chiasm, or radiation retinopathy or optic 
neuropathy (1). The clinical presentation may sug
gest the etiology of the visual loss. Only radiation 
optic neuropathy causes a rapid deterioration for a 
period of days to weeks, while the remaining causes 
for visual compromise usually, though not invaria
bly, progress for a period of weeks to months (1). 

RT affects both normal and abnormal tissues, 
and despite limited and carefully calculated treat
ment ports, significant irradiation of normal tissues 
is often unavoidable (2) . RT-related complications 
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in the orbit, optic nerve, or chiasm can be divided 
into anterior or posterior lesions. Complications that 
occur anteriorly include irritation, erythema, and 
edema of the eyelid , xerophthalmia, nasolacrimal 
duct or sac stenosis with epiphora , conjunctivitis, 
keratitis, corneal ulceration, cataract, and ocular 
myositis (3). These complications are apparent clin
ically , acute vision loss is not the presenting com
plaint, and imaging studies are rarely needed for 
diagnosis. 

Complications of the posterior compartment in
clude retinal , optic nerve, and chiasm injury and 
may result in visual loss. Radiation-induced retinop
athy likely result from vascular endothelial injury. 
On funduscopic examination, "cotton wool" spots, 
flame hemorrhages, hard exudates, neovascularity, 
and, ultimately , optic atrophy are seen (3) . 

Radionecrosis of the optic nerves and chiasm is 
a well-recognized, although uncommon, complica
tion following therapeutic RT for lesions of the sella, 
parasellar region, paranasal sinuses, and skull base 
and has been reported to occur following RT for 
pituitary adenoma, craniopharyngioma, optic or hy
pothalamic glioma, meningioma, and nasopharyn
geal and paranasal sinus carcinoma (1, 3-5). Radia
tion optic neuropathy, like radiation retinopathy, is 
likely related to total dose and daily fractionation 
size, with most cases occurring following 6000 cGy 
or more and a fractional dosage of greater than 200 
cGy (3, 6). Following RT, peak occurrence is 1 to 
11/2 years, with most cases occurring within 3 years 
(1). Loss of vision is typically rapid, painless, and 
unilateral. If the anterior optic nerve is involved, 
disk edema will be seen acutely. If the posterior 
optic nerve is affected the disk will initially appear 
normal. As was the case in our series of patients, 
prognosis is poor, with most patients progressing 
to permanent visual loss in the affected eye and 
optic atrophy. 

Although the pathogenesis of optic nerve dam
age is unclear, the microscopic appearance would 
suggest initial vascular injury that results in the 
perivascular inflammation, hyalinization, and fibro
sis of vessel walls, loss of endothelium, and conse
quent infarction with reactive gliosis. Pathologic 
examination is usually not obtained in these individ
uals, as the presentation is often straightforward. 
However, in order to exclude recurrent adenoid 
cystic carcinoma, with its known propensity for 
perineural spread, one of the patients in this series 
underwent a biopsy of the enhancing portion of the 
optic nerve. This revealed perivascular inflamma
tion, hyalinization , and fibrosis of vessel walls, con
sistent with radiation optic neuropathy. 

Two of the patients in this series received chemo
therapy prior to the course of RT. Systemic chemo-
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Fig. 2. Coronal en
hanced Tl-weight
ed image shows the 
normal nonenhanc
ing prechiasmic op
tic nerve on the left 
(short black arrow) 
and the enhancing 
right optic nerve 
(long black arrow). 

Fig. 3. Axial pre- (left) and postcontrast (right) Tl-weighted 
images show discrete focal enhancement of the prechiasm ic right 
optic nerve ( white arrow). Irregular enhancement is also noted in 
the left optic nerve. 

therapy may contribute to the development of 
delayed radiation injury. Cerebral necrosis has been 
associated with radiotherapy and intraarterial , in
trathecal or intravenous chemotherapy (7, 8). Ex
perimentally, systemically administered mitotane 
potentiated the effects of radiation to the central 
nervous system in rats (9). Radiation optic neurop
athy was reported in two patients who received 
low-dose prophylactic cranial radiation (2400 cGy) 
in conjunction with intrathecal chemotherapy (8). 
Two patients described by Guy et al (1 0) with 
radiation-induced optic neuropathy and enhance
ment of the intracranial optic nerves on MR had 
also received courses of chemotherapy. 
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Because of its superior soft tissue contrast and 
resolution about the skull base and sellar region as 
well as its multiplanar capabilities, MR has replaced 
computed tomography (CT) for detecting perisellar, 
perichiasmal masses as well as changes in architec
ture such as empty sella with prolapse of the chiasm 
(11). CT may reveal recurrent mass or tumor as the 
source of visual loss, but lacks the soft tissue 
contrast to routinely resolve subtle changes in the 
optic nerves or chiasm. Even with the addition of 
iodinated contrast, CT is usually normal in the 
setting of optic neuritis unless there is gross enlarge
ment of the nerve. Recent studies suggest that 
enhanced MR, in the setting of optic neuritis or 
radiation optic neuropathy, may reveal abnormal 
enhancement within the affected nerve due to 
breakdown of the blood-brain barrier (6, 10, 12). 
We speculate that the injury that occurs with radia
tion optic neuropathy, specifically damage to vessel 
endothelium, results in the abnormal enhancement 
pattern seen in these patients. The degree of en
hancement in radiation optic neuropathy appears 
more marked than optic nerve enhancement seen 
in optic neuritis due to demyelination; the primarily 
vascular insult may explain this differential in de
gree of enhancement. 

All of our cases showed enhancement of the 
intracranial portions of the optic nerves that was 
easily visualized using routine spin echo-enhanced 
MR images. Unenhanced Tl- and T2-weighted im
ages were normal. No enhancing lesions were ap
preciated in the intraorbital optic nerves. However, 
techniques to suppress signal from fat were used in 
only one case, and enhancement in the intraorbital 
optic nerve could potentially have been missed in 
the other two patients. Recent reports demonstrate 
the advantages of fat suppression or saturation 
techniques for imaging the intraorbital optic nerves 
(13-15) . With these techniques, signal from intraor
bital fat and fat within the orbital bones at the 
orbital apex is suppressed, and enhancement, es
pecially in the orbital optic nerve, becomes more 
conspicuous. If radiation optic neuritis is suspected, 
enhanced fat -suppressed T 1-weighted images of 
the intraorbital optic nerve should be obtained. 
Enhancement in the intracranial optic nerve and 
chiasm is well visualized using routine enhanced 
T 1-weighted sequences. 
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In conclusion, enhanced MR of the orbits, optic 
nerves, and chiasm is the imaging test of choice 
for the patient with vision loss following RT for 
skull base or sellar disease. Focal enhancement in 
an optic nerve that is normal in size or slightly 
enlarged may represent radiation optic neuropathy. 
These findings, in the correct clinical setting, may 
obviate the need for biopsy. 
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