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Plexiform Neurofibromatosis 
of the Orbit: CT Evaluation 

Seven patients with orbital plexiform neurofibromas (PNFs) were evaluated by com­
puted tomography (CT). These lesions are pathognomonic of von Recklinghausen 
disease and manifest a spectrum of radiologiC abnormalities ranging from thickening of 
the eyelid and periorbital soft tissues to enlargement of the bony orbit and extensive 
infiltration of the orbital soft tissues. In analyzing the CT features of orbital PNF, three 
findings that have not been previously reported were identified, Increased density of 
the intraconal fat present in four of seven patients was believed to represent PNF 
involvement of small intraconal nerves. Three patients demonstrated enhancing, irreg­
ularly nodular thickening of the optic nerve sheath complex thought to be caused by 
PNF of the posterior ciliary nerves surrounding the optic nerve, Three patients with 
buphthalmos and congenital glaucoma demonstrated thickening and enhancement of 
the uveal/scleral layer believed to represent PNF of these structures. Involvement of 
the choroid and sclera, posterior ciliary nerves, and small intraconal nerves has been 
recognized pathologically but has not been previously identified by CT. 

Plexiform neurofibromas (PNFs) are diffusely infiltrating benign overgrowths of 
all of the elements of a peripheral nerve [1]. Some controversy exists in the 
pathology literature as to whether they represent a hamartomatous or neoplastic 
process. The face and the extremities are the locations most commonly involved 
by PNF, with many of the facial lesions originating in or eventually involving the 
orbit. These lesions are pathognomonic of neurofibromatosis (von Recklinghausen 
disease) even in the absence of other typical abnormalities [1-3] , and while they 
are a relatively uncommon manifestation of this disease, they are the most common 
orbital mass in patients with neurofibromatosis. 

PNF of the orbit has a characteristic appearance on CT with findings including 
enlargement of the orbit and thickening of the eyelids, periorbital soft tissues, and 
extraocular muscles [4, 5]. In this retrospective study of seven patients with orbital 
PNF, three new CT findings were identified that have not been described in the 
radiologic literature. 

Materials and Methods 

The CT findings in seven patients with PNF involving the orbit were reviewed. Scans were 
obtained with either a General Electric 8800 or 9800 scanner using either 3- or 5-mm slice 
thicknesses. All patients had scans obtained in the axial plane, and six of the seven were 
also examined in the direct coronal projection. Noncontrast scans were obtained in each 
case, followed by repeat scans with intravenous contrast enhancement in six . Four of the 
seven patients had histologic confirmation of the diagnosis of orbital PNF. The other three 
were diagnosed clinically on the basis of classical presentation and findings of neurofibro­
matosis and PNF. The CT scans were reviewed with specific assessment made of the size 
and bony structures of the orbit, the soft tissues of the orbit, and the size and configuration 
of the globe. 
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Results 

Seven patients (six male and one female) were aged 1-49 
years (mean age, 17.3 years). All lesions were unilateral. The 
CT findings are summarized in table 1. The spectrum of 

TABLE 1: CT Findings in Plexiform Neurofibromatosis of the 
Orbit 

Findings 

Bony changes: 
Enlargement of orbit .................. . ... . 
Enlargement of superior orbital fissure . 
Enlargement of inferior orbital fissure .. 
Diminution of adjacent ethmoid sinus . 
Diminution of adjacent maxillary sinus 
Defect in greater wing of sphenoid 
Elevated lesser wing of sphenoid 
Ipsilateral enlargement of middle cranial fossa 

Soft tissues: 
Thickened upper eyelid . . ......... . .. . 
Thickened lower eyelid . . . . . . . . . . . . . . 
Thickened periorbital soft tissue, medial . 
Thickened periorbital soft tissue, lateral ....... . 
Enlargement of rectus muscles ......... .. . . . . 
Increased density of orbital fat ........ . . 
Thickened nodular optic nerve outline 
Enlargement of cavernous sinus 
Plexiform neurofibromas in pterygopalatine fossa . 

Globe: 
Buphthalmos . 
Phthisis bulbi . . ... ... . 
Proptosis ........ . ....... . . 
Enophthalmos ..... .. . ...... . . .. . . . . . . . . . 

A B 

No. of Cases 
(n = 7) 

6 
6 
6 
6 
5 
2 
3 
3 

6 
1 
3 
5 
5 
4 
3 
4 
3 

3 
1 
4 
2 

disease ranged from involvement of only the eyelid and per­
iorbital soft tissues to widespread infiltration of all the soft 
tissues of the orbit. Figures 1 and 2 demonstrate the findings 
in the most severely affected patients. The most severe 
involvement tended to occur in the youngest patients, imply­
ing a more significant genetic penetrance. 

Osseous Abnormalities 

Bony abnormalities were identified frequently; enlargement 
of the orbit and of both the superior and inferior orbital fissures 
occurred in six patients. In the only patient without orbital 
enlargement, the PNF was confined to the eyelid and perior­
bital soft tissues. Decreased size of the ipsilateral ethmoid 
and maxillary sinuses was present in six and five patients, 
respectively. Varying manifestations of osseous dysplasia 
were noted in five patients, with defects in the greater wing 
of the sphenoid (two patients), elevation of the lesser wing of 
the sphenoid (three patients), and/or enlargement of the mid­
dle cranial fossa (three patients). 

Soft-Tissue Abnormalities 

All seven patients had thickening of the eyelids (six upper 
and one lower). Thickening and loss of fascial planes involving 
the medial and/or lateral periorbital soft tissues was present 
in five patients. In five patients, the PNF caused enlargement 
of the extraocular muscles. The superior oblique muscle was 
not clearly identified in every case; however, the superior, 
medial , inferior, and lateral recti were thickened in all five. 
Three patients revealed PNF involving the pterygopalatine 

Fig. 1.-Unenhanced (A) and enhanced (8) axial 
and unenhanced coronal (C and 0) scans in patient 
with extensive orbital PNF shows full constellation 
of findings . Left orbit is enlarged with widening of 
superior and inferior orbital fissures . Left ethmoid 
and maxillary sinuses are small. Upper eyelid and 
periorbital soft tissues both medially and laterally 
are thickened, as are the four rectus muscles (best 
seen in C). Increased density of intraconal fat with 
several linear densities; thickened irregUlar optic 
nerve sheath complex. Left globe is buphthalmic 
and proptotic. After contrast enhancement (8), 
uveal/scleral layer shows marked thickening and 
enhancement. Optic nerve is central low density 
surrounded by irregular enhancing PNF. Left cav­
ernous sinus is enlarged. 
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Fig. 2.-Unenhanced (A) and enhanced (8) axial and enhanced coronal (C) 
scans. Right globe is buphthalmic with slight thickening and enhancement of 
uvea/sclera. Optic nerve outline is thick and irregular; central low density after 

Fig. 3.-Enhanced axial (A) and coronal (8) 
scans. PNF in markedly enlarged right pterygopal­
atine fossa with two areas of ring enhancement. 
Right cavernous sinus is enlarged (8). 

A 

fossa, with two large ring-enhancing lesions in one of the 
patients (fig. 3). Enlargement of the ipsilateral cavernous sinus 
was seen in four cases. 

Proptosis was present in four of the five patients who had 
enlargement of the extraocular muscles. In the fifth patient, 
marked enophthalmos was present related to unexplained 
decrease in volume of the intraorbital fat with enlargement of 
the bony orbit (fig . 4). Of the two patients without enlargement 
of the extraocular muscles, enophthalmos was present in one 
because of phthisis bulbi (fig. 5); globe position was normal 
in the remaining patient, who had only eyelid and periorbital 
soft-tissue involvement (fig. 6). 

Four patients had findings of intraorbital PNF that have not 
been previously described. In these patients, the density of 
the intraconal fat on the side of the PNF was increased 
compared with the normal orbit due to multiple small linear 
densities present within the fat (fig. 1 C). (Actual attenuation 
measurements were not recorded.) Three of these same four 
patients also had marked thickening and nodular irregularity 
of the optic nerve sheath complex . This abnormal tissue 
enhanced with intravenous contrast material in all three cases , 
and in two of the cases a central low density represented the 
normal optic nerve. All three patients presented with severe 
diffuse orbital involvement at birth and had an enlarged globe 
due to congenital glaucoma (buphthalmos). Varying degrees 

c 
enhancement represents normal optic nerve. Linear densities representing PNF 
involving small nerves are seen in intraconal fat. Coronal scan (C) shows 
marked thickening and enhancement of right extraocular muscles. 

B 

of thickening and enhancement of the uvea/sclera were pres­
ent in these three cases, in contrast to the normal thin uveal/ 
scleral layer seen in the usual form of buphthalmos. 

Discussion 

Von Recklinghausen disease, one of the neurocristopa­
thies, is a widespread disorder of cells derived from the neural 
crest. It is a congenital disease with an estimated frequency 
of 1 per 3000 births [6]. About one-half of cases are inherited 
with autosomal-dominant transmission , with the rest thought 
to result from spontaneous mutation [7]. 

Manifestations of neurofibromatosis in the orbit that have 
been described include osseous dysplasia of the orbit, orbital 
neoplasms (optic gliomas, perioptic meningiomas, neurofibro­
mas, and schwannomas), buphthalmos, and plexiform neu­
rofibromas [4]. 

PNF is a congenital lesion with a spectrum of severity 
ranging from marked involvement at birth to a less severe 
form often first noted in adolescence. In these cases, how­
ever, review of old photographs generally demonstrates the 
presence of the lesion before age 10. Any body segment may 
be affected, but the head and neck region is the most com­
mon; any branch from cranial, spinal, or autonomic nerves 
may be involved [8] . A prominent feature is the diffuse thick-



262 REED ET AL. AJNR :7, March/April 1986 

4 5 

Fig. 4.- Enhanced axial scan. Marked thickening of upper eyelid and per­
iorbital soft tissues on left . Globe is enopthalmic because of enlargement of 
orbit and decrease in volume of intraconal fat. Intraconal fat is increased in 
density compared with normal side. 

Fig. 5.- Unenhanced ax ial scan. Thickening of left lower eyelid and perior-

ening of the subcutaneous tissues and increased deposition 
of fat adjacent to the PNF. Thickening of the skin, frequently 
present overlying the lesion, has been likened to "elephant 
skin." These features combine to cause a bulky soft-tissue 
mass, which to palpation is described as feeling like a "bag 
of worms." The "bag" corresponds to the soft-tissue mass 
with the neuromatous bundles of the PNF representing the 
subcutaneous cords or "worms." This description recalls the 
tumor suffered by the first reported "elephant man, " James 
Merrick [9, 10]. 

Pathologically, PNF consists of diffuse intertwining bundles 
of Schwann cells, axons, and endoneural fibroblasts. These 
are the same cellular elements that make up the more typical 
neurofibroma; however, in PNF each neuromatous unit is 
clearly defined by a cellular perineural sheath. The overall 
tumor is not encapsulated and the tumor grows along its 
nerve of origin, most often centripetally , spreading centrally 
from its peripheral origin [1] . Some authors have considered 
the PNF to represent a hamartomatous process; however, 
the advanced lesions manifest a capacity for autonomous 
growth and malignant transformation, characteristics of a true 
neoplasm [3] . The lesions are very vascular, and so diffusely 
intertwine with the normal fascial architecture that by the time 
they present clinically , all attempts at total surgical removal 
short of total orbital exenteration are defied. 

CT demonstrates PNF as a contrast-enhancing, irregular, 
soft-tissue mass with deformity of the normal anatomy of the 
eyelid, periorbital soft tissues , and orbital contents. As in 
other series [4, 7] , the most consistent findings in these cases 
were the thickening and deformity of the eyelids and perior­
bital soft tissues , which were present in all cases. This would 
appear to confirm the pathologic impression that these lesions 
originate in a more peripheral location with the more severe 
lesions extending centrally to involve the intraorbital contents. 

Bony changes were frequent , with six of seven patients 
demonstrating enlargement of the orbit and widening of both 
the superior and inferior orbital fissures . One of these patients 
did not have obvious retrobulbar involvement of PNF but had 
neurofibromatous involvement of the globe with consequent 

bital soft tissues as well as enophthalmos. Small calcified left globe (phthisis 
bulbi) secondary to involvement with neurofibromatosis. Contiguous scans 
showed right extraocular muscles to be equal in size to left . 

Fig. 6.-Enhanced axial scan. Thickening of upper eyelid and lateral perior­
bital soft tissues on left but no obvious intraorbital involvement. 

phthisis bulbi. The frequent occurrence of hypoplasia of the 
adjacent ethmoid and maxillary sinuses is probably compen­
satory and related to the enlargement of the adjacent orbit. 
Osseous dysplasia noted in several cases, including defects 
in the greater wing of the sphenoid, elevation of the lesser 
wing of the sphenoid, and ipsilateral enlargement of the middle 
cranial fossa, has often been described in patients with neu­
rofibromatosis [11]. These changes are due to the frequently 
associated mesodermal developmental abnormalities in neu­
rofibromatosis and are not directly related to the PNF. 

Enlargement of the rectus muscles seen in five patients is 
believed to represent PNF involvement of the nerves to these 
muscles. The ipsilateral cavernous sinus was enlarged in four 
of our seven patients and has been reported as enlarged in 
five of seven patients in another series [4] . This is believed to 
represent involvement of either the third , fourth, fifth , or sixth 
cranial nerve. 

Three new CT findings were identified in several patients 
with orbital PNF. In four patients, the density of the intraconal 
fat was increased on the side of the PNF compared with the 
normal orbit with multiple small linear densities within the 
intracona: space. We believe this represents neurofibroma­
tous involvement of small nerves running in and through the 
orbital fat. A second finding not previously described is the 
presence of enhancing, irregular, nodular thickening of the 
optic nerve sheath outline, which was noted in three patients 
who had severe involvement with PNF as well as thickened 
buphthalmic globes. We believe this enhancing tissue sur­
rounding the optic nerve represents PNF involving the pos­
terior ciliary nerves. In two cases, a central low density 
represented the normal optic nerve. The abnormality sur­
rounding these three optic nerves was not biopsied due to 
the clinical certainty of the diagnosis of PNF. While patients 
with von Recklinghausen disease can develop other lesions 
of the optic nerves (optic gliomas and perioptic meningiomas), 
the lesions described in these three patients are not consist­
ent with either of these conditions. Optic glioma would appear 
as a smooth fusiform dilatation of the optic nerve outline 
reflecting involvement of the nerve and containment within 
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the dural sheath [12] . Perioptic meningioma would be unlikely 
as all three of these patients presented at birth. The multiple 
small nodules along the entire nerve are also inconsistent 
with meningioma. The optic nerve, being part of the central 
nervous system, cannot be involved with PNF. 

The third new CT finding concerns the thickening and 
enhancement of the uvea/sclera in the three patients with 
buphthalmos. Congenital glaucoma can result from a number 
of causes; however, in patients with PNF, it is presumed to 
be from neurofibromatous involvement or associated 
maldevelopment of the anterior chamber angle leading to 
obstruction of drainage of the aqueous humor and resultant 
increase in intraocular pressure. Due to the elastic properties 
of the infant globe, marked enlargement of the globe (buph­
thalmos) may result. Usually in this situation, the uvea and 
sclera become thinned or less commonly remain of normal 
thickness. Enlargement of the globe with glaucoma was 
present in three of our seven patients and has been reported 
in up to 50% of patients with PNF [13] . In addition to glaucoma 
and buphthalmos, these three large globes demonstrated 
thickening and enhancement of the uvea/sclera. This reflects 
neurofibromatous involvement of these structures, a feature 
well documented clinically and pathologically in this condition 
but not previously described in the radiologic literature [13]. 

The single patient in this series with phthisis bulbi, a 49-
year-old man blind in this eye since childhood, had a PNF of 
the lower lid and neurofibromatous involvement of both globes 
with bilateral Lisch nodules. While there are a number of 
causes of phthisis bulbi, there was no history of previous 
trauma or clinical evidence of toxoplasmosis or other infec­
tions in this globe. Therefore, it was believed that the ocular 
involvement with PNF had most likely caused the dysfunction 
and phthisis. 

Plexiform neurofibromatosis of the orbit manifests a spec-

trum of CT abnormalities that are highly specific in the appro­
priate age group and clinical setting. CT is a valuable tool in 
assessing the extent of disease to plan adequate palliative 
surgery. 
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