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THE TREATMENT AND THE PROGNOSIS OF GLIOMAS OF THE OPTIC NERVE AND

chiasm in children has always been unsatisfactory. All forms of therapy,
including surgery, are not of proven value because of the unpredictable
manner in which the tumor will spread in one patient but not in another.
As a result, there have been advocates of surgical intervention, of radio-
logical treatment, and therapeutic nihilists who feel that no form of treat-
ment will do any good. In view of the lack of agreement on this subject,
I have reviewed those cases available to me, to search for significant
prognostic hallmarks and for a choice of therapy which would give the
most favorable results.
Hoyt and Baghdassarian in 19691 reviewed the controversy over

therapy of optic nerve and chiasmal gliomas. Their study of the natural
history of this condition in 36 patients indicated that biopsy or surgical
removal of the tumor did not affect the prognosis for vision or life. Indeed
they advocated no treatment except measures to relieve unsightly prop-
tosis or obstructive hydrocephalus. This startling advice will lessen the
interest of ophthalmologists in making an early diagnosis of optic nerve
glioma and militate against surgical removal of a purely localized orbital
or prechiasmal glioma which heretofore has been totally excised. Hoyt's
revised concept of treatment comes as a shock in spite of the fact that
Martin and Cushing in 19232 stated that anyone who presumes to
treat this condition by any therapy is overenthusiastic. However, the
material in my study indicates that surgical removal still offers the best
prognosis in this condition. This paper, therefore, re-emphasizes the ad-
vantages of surgical removal of optic nerve and of prechiasmal gliomas.
It urges surgical inspection when a chiasmal glioma has radiological evi-
dence indicative of a unilateral tumor. Chiasmal involvement and other
surgically amenable conditions can only be excluded by direct inspection
of the lesion.
From The Hospital For Sick Children, Toronto, Canada.
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Gliomas of Optic Nerve and Chiasm
HISTORICAL REVIEW OF THE LITERATURE

Gliomas of the optic nerve and chiasm although rarely diagnosed by an
individual ophthalmologist have been reported frequently. There are
many reviews of the subject. The first description in 1816 was by
Scarpa.3 The condition was again described by Wishart4 in 1833 who
first successfully removed an optic nerve tumor. His description is worthy
of reproduction:

Yorretta Douglas age 13. On looking downwards with the eye, a firm tumor
can be distinctly felt near the situation of the lacrimal gland. For the first
three months nothing was done for it, but after that there was such a rapid
increase in size that the surgeon who was consulted pronounced it to be
dropsy of the eye. He applied leeches over the eyebrow and blisters to the
temple without producing any mitigation of the symptoms. At a consultation
with Dr Gillespie and Professor Lizars it was agreed that nothing could be
done to save the eye. I removed the eye, assisted by the gentleman and Mr
Bert on the first of March.
On examination of the eye after its removal, the disease was found to be

seated in the substance of the optic nerve, the coat of the nerve being very
much distended and evidently forming the outer cover of the tumor. The
tumor was of a firm consistancy resembling cerebral substance, generally
considered of a malignant nature. I have never met with any cases of the
same description as this in the works of surgery or morbid anatomy which I
have examined. The only one resembling it is related by Panizza5 in his work
"sul Fungo Midollare" in a little girl six years of age in which there was found
on dissection not only a small tumor surrounding each optic nerve but a still
larger cerebral mass at the base of the brain.

Von Graefe6 in 1864, with the insight of his genius, accurately re-
ported on two cases and laid down the criteria which are used today in
the diagnosis of this condition.

In the first review of the literature, covering the 19th century, Byers7
discussed 102 cases already published and added two of his own. In 1912
Hudson8 reviewed 182 case reports in the literature. Lundberg9 tabu-
lated 123 cases from 1912 to 1934 for a total of 305 cases. In 1940
Davis"0 superb review of the literature included a total of 380 cases; he
added five more. Marshall" in 1953, at the Annual Meeting of the Amer-
ican Ophthalmological Society in Hot Springs, emphasized the associa-
tion of optic nerve glioma and von Recklinghausen's disease. An excellent
review in 1956 by Taveras12 supported radiation therapy. Dodge13 et al
in 1958 agreed that transfrontal craniotomy was the best means of resect-
ing optic nerve and chiasmal tumors. In 1959 Wagener14 reviewed the
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literature again and discussed various changes which may be seen oph-
thalmoscopically in this condition. Since then, some thirty15-43 shorter
reviews and case presentations have been reported in the English litera-
ture including papers on diagnosis, radiological examination, pathology,
and treatment.

INCIDENCE

A discrepancy exists between the number of cases reportedly seen by
ophthalmologists and the number treated by neurosurgeons. Collins and
Marshall44 (1910) of Moorfields Eye Hospital declared the incidence to
be two in 388,000 patients with ocular complaints. In 1923 Martin and
Cushing2 stated that optic nerve gliomas made up 0.8%o of all verified
tumors and 2%o of all gliomas. Yet later Cushing45 (1932) quotes an in-
cidence of 22 in 2,000 cases of brain tumor.
From the records of the Massachusetts Eye and Ear Infirmary46 (1932)

optic nerve glioma was found in four of 669,857 patients over a period of
36 years; at the Wills Eye Hospital, Philadelphia47 (1958) in one of
230,742 patients over a period of 12 years. An American Federation of
the Institute of Pathology study48 reported 18 gliomata in 50,000 tumors.
At the Walter Reed Army Hospital the incidence is six per 50,000 oph-
thalmic patients. Taveras12 found 34 cases in a series of 2,000 gliomas,
an incidence of 1.7%o. Fowler et al49 at the Children's Medical Centre,
Harvard Medical School, found 13 cases of primary gliomatous tumors of
the optic pathways in 256 intracranial tumors in young children over a
ten year period, an incidence of 5.1%o of intracranial tumors or 7%o of
gliomas.

Matson50 in 1969, reported 27 cases of pathologically confirmed
primary gliomas of the optic pathways in a series of 750 intracranial
tumors. This is an incidence of 3.6% in the total series and 4.5%o among
the gliomas.

Approximately ten primary tumors of the optic nerve are reported an-
nually and seven of these are gliomas, according to Bane.24 Arkhangel-
sky30 (1965) noted an incidence of one in every 100,000 patients but
MacCarty42 at the Mayo Clinic (1970) found optic nerve glioma to be
the second most common orbital tumor. Four hundred and eleven case
reports have been added to the 660 reviewed by Marshall in 1953, mak-
ing a total of 1076.

TUMOR SITES

Wolff86 suggested that the most likely origin of the tumor is ten mm
behind the globe at the point of entrance of the central vessels. Hoyt'
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Gliomas of Optic Nerve and Chiasm

found four out of seven gliomas of the nerve remained purely orbital.
Boles47 suggested the most likely point of origin is in the optic canal.
The tumor extends from there forward into the orbit and may also grow
intracranially toward the chiasm. Some authors are exponents of multi-
centric sites of origin35 in one or both nerves, in the chiasm, in the
retina, and at the optic disc.27 The problem of multicentric gliomas has
been discussed by Batzdorf and Malamud.88 There is scant evidence for
the presence of multipotential cells and there is little to account for the
sometimes long delay between birth and manifestation of the tumor. The
optic chiasm with one or both optic nerves and adjacent portions of the
brain is more frequently involved at the time of diagnosis than optic
nerve alone, as found by Martin and Cushing,2 Jefferson,57 Walsh,89
Tym,9 and others.
Only 11 cases of invasion of the optic disc have been reported prior to

1941. Bane24 (1963), Hale22 (1963), and Gartner27 (1966) have added
one such case each.

AGE

Fowler49 found the average age of onset to be four and one half years.
Levitt9l stated that 757o of patients are less than ten years of age.

In Chutorian's series41 of 56 gliomas, six tumors occurred at birth,
16 at over two years with a peak from two to six years and a range up to
15 years.

In the series from the Walter Reed Hospital48 the average age of onset
was ten to 12 years with a range from seven months to 47 years. The
literature also includes a few other patients whose symptoms began after
40 years of age.

Otenasek33 reported an optic glioma found in a 51-year-old black
patient who also had a pituitary adenoma. Both tumors were excised at
craniotomy. Bucy, Russell and Whitsell62 reported a glioma in a 60-year-
old patient. Hoyt' reported a glioma of chiasm and optic nerve found at
autopsy in a 64-year-old woman.
Condon and Rose32 described a 79-year-old woman who suddenly lost

vision bilaterally over two weeks. At autopsy a right optic nerve glioma
was found. This appears to be the oldest patient in the literature with
this condition.

CLASSIFICATION

Leber92 in 1874 divided gliomas into true (localized within the perineu-
rium) and false (situated outside the dural sheath). Byers7 labelled these
intradural and extradural, most tumors being intradural.
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Recent authors classify the tumor as intraorbital or intracranial. The
intracranial tumors are more common than localized orbital gliomas.

FAMILIAL INHERITANCE

There have been three reports in the literature in which two members
of one family have been affected with optic nerve glioma.

Holmstrom9" described two sisters, Davis'0 and Manschot70 each re-
ported a brother and sister affected with optic nerve glioma.

Hoyt' found optic glioma in two generations of a family with von
Recklinghausen's disease.

ASSOCIATION WITH VON RECKLINGHAUSEN S DISEASE

The close and frequent association of optic nerve and chiasmal gliomas
with von Recklinghausen's disease has been discussed by many authors,
starting with Davis'0 and Marshall."

Christensen67 found this association in 50%o of his series but simply
mentioned the fact. Marshall" detailed the ocular as well as the gen-
eral manifestations of von Recklinghausen's disease and thoroughly
established the fact that glioma of the optic nerve occurs in the condition,
as maintained by Davis.

Marshall's list of the ocular manifestations included: neurofibromatous
tumors of the conjunctiva, comeal nodules and corneal nerve enlarge-
ment, neurofibromatous tumors in the uveal tissue, retinal and optic
nerve and chiasmal gliomas, fibroma molluscum or plexiform neuromas
causing thickening of the eyelids, asymmetry of the orbital walls with
bony defects, optic canal enlargement, and neurofibromas in the orbit.
Small neuromas on the iris most easily observed on slit lamp examination
are diagnostic.
The clinical symptoms and signs in von Recklinghausen's disease in-

clude: ptosis, strabismus, proptosis (may be pulsating), rarely enophthal-
mos, visual failure with optic atrophy, buphthalmos, glaucoma, trich-
iasis, abnormal function of the nerves, visual field changes, papilledema,
and hypermetropia.
The diagnosis of von Recklinghausen's disease can be made when, ac-

cording to Crowe,94 there are at least six caf6 au lait spots on the skin
and each is of at least 15 mm in diameter. Perhaps this form of von
Recklinghausen's disease is more frequently associated with optic
gliomas.

Thirty-seven percent of patients with optic nerve gliomas and 30%o of
patients with chiasmal gliomas have other manifestations of von Reck-
linghausen's disease. Neurofibromatosis is inherited as a dominant trait
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so that one half of the offspring of the affected individual may be expect-
ed to have the disease. The offspring of an unaffected individual will re-
main normal. Abortive forms may show only caf6 au lait spots. About
one third of the patients may show the generalized neurofibromatosis of
von Recklinghausen's disease.

ROENTGENOGRAPHIC FINDINGS

Van der Hoeve95 introduced a roentgenographic method to demonstrate
the optic foramina thus determining intracranial extension of intraorbital
masses. The commonest finding roentgenographically in optic gliomas is
a widened optic foramen without decalcification of its walls. Pfeiffer96
considered an optic foramen of 6.5 to 7 mm, or 1 mm larger than the con-
tralateral foramen, to be abnormal. Pfeiffer however noted enlargement
of optic foramina in six patients with von Recklinghausen's disease who
did not have optic tumors (quoted by Taveras12 as a personal communi-
cation). Fowler and Matson49 consider a normal optic foramen to vary
between 4.1 and 4.65 mm in diameter.

Decalcification of the posterior wall of the orbit and lesser wing of the
sphenoid has been recorded with gliomas as has calcification of the
tumor itself.29 If the tumor extends into the chiasm there inay be:

1. flattening of the sella.
2. erosion of the anterior wall of the sella and undersurfaces of the

anterior clinoid processes.
3. a "J" shaped, slipper, gourd, or shoe-sign; produced by pressure of

the tumor on the lateral aspect of the chiasmal sulcus which be-
comes obviously hollowed out. Gourd-shaped sellae are also found
in mongolism and Hurler's syndrome.

Schuster29 found no changes in the sella in half his cases of gliomas of
the optic nerve and chiasm and no cortical destruction in two thirds of
his cases.

If the ventricular system is blocked there may be signs of raised intra-
cranial pressure such as a beaten silver appearance of the skull and wid-
ened coronal sutures. After one month of raised intracranial pressure
erosion of the clinoid processes can occur.
The normal distance from the chiasmatic point to the tuberculum sella

varies from 10 to 23 mm as measured in the lateral view. This distance
may be increased with gliomas.

Suprasellar calcification has been seen occasionally in gliomas. This
was found in large tumors and the calcium varied from a single nodule
to several granules spread over 3.5 cm, at the centre of the tumor.29
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The diagnostic importance of the optic strut separating the optic canal
from tbe superior orbital fissure was stressed by Cares and Bakay.97 In
neurofibromatosis with optic canal enlargement, the strut is not de-
stroyed. In glioma of the optic chiasm the strut is deformed.

In chiasmal tumors, air in the chiasmatic cistern may outline the tumor
of the nerve and chiasm. The remainder of the ventricular system is
normal. There may be a deformity in the anterior part of the third ven-
tricle and the chiasmatic cistern. The pneumoencephalogram has been
shown to be falsely localizing in one patient.98 In this patient the filling
defect of the third ventricle with symmetrically dilated lateral ven-
tricles was not due to pressure of a tumor, but was shown at necropsy to
be due to a rare developmental anomaly; the coalescence of the dorsal
thalamic parts.

In larger tumors the chiasmatic and infundibular recesses of the third
ventricle may be pushed upwards and backwards. When the brain stem
is pushed posteriorly by the mass there is obstruction of the aqueduct
and dilatation of the ventricles. Still larger tumors block the foramen of
Monroe as well as the aqueduct and produce hydrocephalus.

Pneumo-orbitography described by Bertelsen99 may outline an orbital
glioma. Ten cc of air injected into Tenon's space using a 5/8 inch needle
following retrobulbar anaesthesia outlines the muscle cone and the
globe. To demonstrate orbital tumors, Fogg38 preferred injecting posi-
tive contrast media rather than air.

Holman,'5 like Hoyt,' believes that the diagnosis is mainly roentgeno-
graphic. Thus the diagnosis is based on changes in the routine skull films
including enlarged optic foramen and sella turcica. Occasionally the
tumor may be outlined by pneumoencephalography or ventriculography.
Rarely an arteriogram helps to outline a particularly large tumor.

Since 1965100 the visualization of the optic canal throughout its whole
length by axial tomography has made possible the early diagnosis of
intracanalicular optic nerve gliomas. The technique of Harwood-Nash'0l
will be described in detail as the method of radiological examination in
our series of patients.

PATHOLOGY

Byers7 described variations of the fusiform expansion of optic nerve and
noted that most tumors occurred in the posterior two thirds of the nerve.
Variation in firmness, cyst-like masses and yellow to reddish gray color
with occasional hemorrhagic spots were described. The early authors,
(Byers7 and Parsons102) felt that the tumor was of mesoblastic origin.
Hudson8 in 1912 disagreed and stressed the neuroglial origin of the
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Gliomas of Optic Nerve and Chiasm
tumor. In 1923 Von Hippel noted the proliferation of neuroectodermal
tissue in these tumors and the increased thickness of the nerve sheath
around the optic nerve glioma. Verhoeff's4" 104 magnificent descriptions
of the microscopic appearance of sections of optic glioma have remained
unchallenged. He noted three types of cells, any or all of which might ap-
pear in one specimen. There were finely reticulated cells suggesting ex-
aggeration of neuroglia, coarsely reticulated cells with microcystic foci
suggesting myxomatous changes, and cells of spindle shape forming
coarsely fibrillated bundles, especially in areas where the sheath of the
nerve was invaded. Some cells were oriented toward blood vessels to
form pseudorosettes. The blood vessels were often hyalinized. Mitoses
were not found. After adding 12 more cases to the literature, Verhoeffl04
concluded that all primary intraneural tumors of the optic nerve are
gliomas and the spread of the tumor is by a progressive conversion of
neuroglia into neoplastic cells.

In 1940 Davis'0 reviewed the literature and added five cases, in-
cluding detailed microscopic studies. He felt that two thirds of optic
nerve tumors were predominantly glial and one third endotheliomata. He
also noted in many cases the thickening of the nerve sheaths surrounding
the tumors. Some authors, including Christensen67 and Liss,'05 have in-
terpreted optic nerve gliomas as oligodendrogliomas. Rubenstein and
Russell5' used special stains to show that the optic nerve gliomas con-
tained neuroglial fibrils of astrocytic lineage. Piloid astrocytes lying in
nests of characteristically vacuolated cells within the trabeculated mesh-
work of astrocytes are sometime associated with mucinous areas, giving
the microcystic appearance that Verhoeff interpreted as myxomatous.
The piloid astrocytes form leashes of cells within the nerve substance and
also infiltrate the expanded sheath. Rosenthal fibres may be present in
the tumor cells.

Rosenthal fibres, once called "cytoid bodies" by Verhoeff,46 have been
shown by Herndon and Rubenstein'06 to be neurokeratin. They occur
in certain cerebral and cerebellar astrocytomas, in optic nerve gliomas,
and in various situations where a reactive gliosis has long been in prog-
ress. They result from degenerative metabolic changes in the cytoplasm
and cytoplasmic processes of astrocytic glial cells. Electron microscopic
studies indicate that they are found exclusively in the cell bodies and
processes of astrocytes and never in oligodendrocytes or phagocytic
cells. Zimmerman'07 states that optic nerve gliomas may contain acid
mucopolysaccharide, in some cases sensitive to digestion by
hyaluronidase.
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Luse'7 and Anderson35 have described the electron microscopic ap-
pearance of normal optic nerve and of glioma of the optic nerve. Light
and electron microscopy show no evidence of degeneration, necrosis, or
malignancy. Anderson noted that the extracellular space was often ex-
panded. He thought that the mucoid substance was not due to astrocytic
degenerative change, since no cellular necrosis was evident but that it
was produced in the hypertrophied endoplasmic reticulum and Golgi ap-
partus of the tumor cells.
The relative benign course of optic nerve gliomas has been repeatedly

confirmed (Tym,90 Matson,50 MacCarty42). Malignant optic nerve tu-
mors are rare. Saebo60 and Mattson"18 have each contributed a case.
Saebo's patient was a 43-year-old woman with unilateral proptosis, loss
of vision of four month's duration, papilledema, and glaucoma. The optic
foramen was enlarged. Treatment consisted of enucleation, incomplete
removal of the tumor in the optic nerve, and radiotherapy. The patient
died within a year with cerebral symptoms. Pathological diagnosis was
glioblastoma multiforme.

TREATMENT OF OPTIC NERVE GLIOMAS

1. Surgical
Surgical removal was urged by Byers7 who suggested that exenteration
was not necessary. The Kronlein procedure,'08 introduced in 1888, was
considered the operation of choice.
Alan Woods, in discussing Davis' paper'0 in 1940, protested against

the frontal approach for removal of orbital tumors. He felt that the Kron-
lein route did not always permit total extirpation and that it might pro-
mote intracranial extension. He advocated a transfrontal approach, the
bone flap being turned down from above and the roof of the orbit open-
ed. He felt that in the hands of a competent neurosurgeon this was as
safe as the Kronlein procedure.
Davis, like Hoyt in 1970, felt that the lesion in the optic nerve was

part of a systemic disease. Other lesions presumably also existed in the
chiasm, the brain and the fellow optic nerve. Therefore orbital decom-
pression was only a palliative procedure to relieve exophthalmos and
preserve the globe.
A lateral extracranial orbital approach with better exposure of the

orbital contents than the Kronlein procedure may be preferred (Fogg).38
A burrhole behind the zygomatic process of the frontal bone allows the
orbit to be entered. The lateral wall is then removed down to the superior
orbital fissure.
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Berkel"0 described a modified Kronlein approach in which the skin in-
cision extended horizontally from the lateral canthus parallel to the
zygoma. The enlarged external canthotomy results in a less unsightly
scar. Adequate exposure is obtained by excising the lateral orbital wall
with an oscillating Stryker saw.
A Killiam incision along the frontal and maxillary ridges gives good

exposure of the orbit with little trauma, according to Spaulding.48
Walsh89 has listed the indications which guide him in selecting the

type of treatment used for tumors involving the anterior visual pathways.
If the optic foramen is enlarged the neurosurgeon performs a craniotomy.
The ophthalmic surgeon explores the orbit of the patient whose tumor
clinically remains localized to the orbit. Walsh feels that a limited unroof-
ing of the orbit gives an unsatisfactory approach to the orbital contents. A
large unroofing requires an insertion of a tantalum plate to prevent
herniation of the cerebrum into the orbit. Hence a modified Kronlein is
the most satisfactory method of removing the orbital portion of the
tumor.
Housepian40 advocates the transcranial route for access to the apical

structures of the orbit. It allows inspection of the chiasma and optic
nerve at the same time. The lateral extracranial approach or a frontal
craniotomy with modification is supported by many, including
Dandy,98"09 Love,"' Matson,50 Wadsworth,34 and Fogg.38 The optic
canal may be unroofed if necessary. The majority of surgeons favor a two
stage intracranial, followed by an orbital procedure. (Jefferson,'6
Bucy,62 Macfarland,6 Dodge,'3 Hanberry,75 Fowler,49 Holman,'5
Tym,90 Chutorian,4' MacCarty,42 and many others).

2. Radiation Therapy
Taveras'2 found a dramatic restoration of vision in a significant number
of his patients treated by radiation. This view has been supported by
Chutorian.4' Throuvalas80 advocates radiotherapy before surgery in
cases where the enlarged optic foramen indicates intracranial extension
of the glioma.

Martin and Cushing2 and Davis'0 thought that inoperable chiasmal
gliomas should be treated by radiotherapy. Others who agree include
Jefferson,'6Dyke and Davidoff,"2 MacCarty,42 and Fogg.38 Hoyt and
Glaser43 on the other hand felt that radiotherapy was contraindicated
in both chiasmal and optic nerve gliomas, since the natural course of the
disease was usually protracted. This opinion is also expressed by Fow-
ler,49 Matson,50 Wagener,'4 and Jain.'8

497



PROGNOSIS

Byers7 noted that a recurrence was rare following the surgical removal
of an optic glioma but could usually be recognized by displacement of
the globe. Hudson8 was the first to mention that long survival was pos-
sible with only partial removal or biopsy of optic nerve gliomas. Posner
and Horrax,59 who reviewed the literature in 1948, suggested that the
prognosis was not consistently as poor as estimatqd at that time. They
published accounts of three patients who survived from four and one
half to 12 years. The longest follow up reported in the literature is 41
years. This patient's chiasmal glioma was found at autopsy following a
stroke, 41 years after her presumptive diagnosis had been made.'

Bane24 reported a 24-year follow up with no recurrence following
enucleation and removal of an orbital glioma in a child.

There are many reports of 20-year follow ups.1 8
Hanberry75 in 1956 concluded that the prognosis was better if the

tumor could be completely excised. Dodge13 agreed.
Recently (1969) Hoyt' has remarked on the long natural history of

this condition and as a result urges conservative treatment for these
patients.

CLINICAL SIGNS AND SYMPTOMS

Two distinct patterns of clinical signs occur; a pattern produced when the
tumor is within the orbit, and one when the tumor is mainly intra-
cranial. With both, the presenting symptom is usually a visual loss which
precedes the proptosis by several months, depending on the site of the
tumor. Loss of vision begins earlier if the glioma is intracranial than if it
is only orbital. Fortunately the orbital tumor reveals its presence early by
producing proptosis.

In orbital gliomas the initial symptom may be proptosis. Visual acuity,
usually reduced, is often not noticed by the patient. The history is usually
short, a few months, and shorter than in patients with intracranial in-
volvement. Von Recklinghausen's disease may or may not be present.
The globe protrudes forward at first and later moves inferiorly and

laterally. No pulsation of the orbital contents occurs. There is seldom any
alteration in ocular movements, or involvement of the extraocular mus-
cles. The tumor is nonpalpable but orbital resistance to posterior dis-
placement of the globe seems increased.

Optic nerve gliomas, particularly in the orbit, produce disc edema.
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More posteriorly placed tumors, especially in the intracranial portion of
the nerve cause optic atrophy. Evidence of tumor at the optic disc, or oc-
casionally normal discs may be seen ophthalmoscopically. Increasing
hypermetropia may occur, due to the pressure of the tumor on the pos-
terior surface of the globe. If the optic disc appears normal, and there is
ridging of the retina in the posterior pole there is usually a mass present,
pressing on that aspect of the globe. If the disc is swollen the ridging is
usually due to traction.

In intracranial glioma decreased vision in one or both eyes is the pre-
senting sympton. Visual field defects (bitemporal or homonymous hemi-
anopias) can be plotted in older children. Proptosis occurs occasionally
and suggests intraorbital as well as intracranial tumor. Optic atrophy is
commoner than papilledema, although either or both may be present. In-
creased intracranial pressure produces bilateral papilledema. A positive
Macewen's sign (increased resonance on combined percussion and aus-
cultation of the skull due to distended lateral ventricles), unsteady gait,
hypothalamic dysfunctioin (obesity, sleepiness and lethargy), and sexual
precocity are frequent signs. When the tumor spreads to involve the
third ventricle and hypothalamus, death results from mechanical pres-
sure on vital structures.

CLINICAL MATERIAL AND METHODS

In the past 27 years (1945-1972) 41 patients (31 verified pathologically
and 10 not) with childhood gliomas of the optic nerve and chiasm were
treated or observed. For this study, all the charts were reviewed; the
history, age at onset, association with von Recklinghausen's disease, in-
telligence quotient, symptoms and physical signs were noted.

Proptosis was measured by a Hertel exophthalmometer. Visual acuity
was estimated by the patient's ability to see or follow a light or to count
fingers. Refraction and the Sheridan-Gardiner test were performed in
children under three years and the Snellen test, using the E game, num-
bers, or letters was performed in those over three years. Visual fields
were plotted on a Ferree-Rand perimeter and tangent screen where age
and cooperation made this test possible. Routine skull roentgenograms
(anteroposterior and lateral) were made in all patients. After 1969 axial
tomograms were made in patients in whom the history and physical
examination suggested optic glioma or roentgenograms indicated optic
canal abnormality. Pneumoencephalograms, ventriculograms, and arteri-
ograms were performed when indicated.
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FIGURE 1

Diagram showing coronal section of normal skull through the optic chiasm. a) Axial tomo-
gram showing normal optic canals.
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FIGURE 2

Hyperextended head position of patient having axial tomography of the optic canals. A.
Outer canthus of the eye. B. The upper junction of the ear and scalp. c. Mid-point of

A-B. D. Junction of the saggital plane and line extrapolated upwards from c.



METHOD OF AXIAL TOMOGRAPHY OF THE OPTIC CANALS

The entire length of the optic canal is examined roentgenographically to
detect the site and the extent of the enlargement. An accurate demon-
stration of the anteromedial posterolateral longitudinal margins of the
canals, together with the intracranial and orbital meati, is important to
the early diagnosis and long term evaluation of optic nerve gliomas.
Precise localization of the lesion is necessary in planning surgical or
radiotherapeutic treatment or both. Tomography of the optic canals,
along their longitudinal axes provides simultaneous visualization of the
horizontal section of both canals in one roentgenograph. It also allows
the anterior clinoids, limbus sphenoidale, tuberculum sella, posterior
clinoids and the lesser wings of the sphenoid to be measured. (Figure 1)
Tomography thus provides comprehensive knowledge of the basic
anatomical and developmental anatomy of these structures. The method
has been reported by Harwood-Nash'0l in 1970.

METHOD

a Hypocycloidal polytomography is performed with the polytome table
horizontal. The child is placed in a supine position on a padded box, 6
inches high, with the neck hyperextended over the edge, so that the
vertex touches the table top. Sedation is rarely needed. (Figure 2)

b A line joining the outer canthus of the eye (A) and the upper junction
of the ear and scalp (B) parallels the table top. (Figure 2). In this
position the interorbital plane is horizontal. The tube is then aligned
with a point (D) marked on the child's neck at the junction of the sag-
gital plane, and the line extrapolated upwards from the mid-point of
the line joining A and B.

c Three trial exposures are performed, the middle exposure at the level
of A-B, and the other two 0.5 cm above and below this line respective-
ly. The optimum tomographic level is measured from the vertex on the
table top. Six exposures, 1 mm apart, are performed on one film
around this optimum level.

d The average technique for the children is MA-50 timed for 6 seconds,
and KVP-60. The skin dosage is approximately 0.85 rad, positioning
of the cones avoids exposure of the corneas.

e True anatomical measurement is obtained by multiplying the measure-
ments made on the roentgenograph by a factor of 0.77.
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FIGURE 3

A: Axial tomogram showing unilateral dilation of the right optic canal and B: artist's draw-
ing to demonstrate right optic nerve glioma.



During the past two years, 300 children have undergone this proce-
dure for conditions as varied as anophthalnus, optic atrophy, fractures
of the anterior clinoids, parasellar tumors, and optic gliomas. A tomo-
gram of the optic canals of a child with an optic nerve glioma is shown in
Figure 3.

TREATMENT

The type of treatment whether surgical removal of the tumor, craniotomy
with or without biopsy, surgical shunting procedures, radiation, or com-
binations of these were noted.
The neurosurgical operation varied with the neurosurgeon.50" 20 To

expose the orbit we have used the modified Kronlein procedure de-
scribed by Berke."10

In selected cases the tumor site was radiated with doses ranging be-
tween 5000 and 5500 rads over a five to six week period. Usually we
have used our Betatron, utilizing 22 N.E.V. roentgen rays, but occasion-
ally the Cobalt unit was used.

PATHOLOGY

The pathological findings at biopsy or necropsy were recorded.

FOLLOW UP

When possible the children were examined at frequent periods approx-
imately every six months and ocular, neurological, and radiological as-
sessments were performed where indicated. The results of the various
types of treatment are compared with particular regard to the initial
position of the tumor.

Patients were assigned to one of three groups, depending on the site
of the tumor and the clinical course of the disease.

GROUP I Consisted of nine patients in whom the tumor was limited
to one optic nerve and was removed surgically.

GROUP II Consisted of 12 patients in whom the tumor had invaded one
or both optic nerves and the chiasm. In none of these has the
vision or general condition worsened during the follow up
period.

GROUP III Consisted of 20 patients in whom the site of the tumor was
the same as that in Group II, but whose vision and general
condition worsened. Five are dead and one is presumed
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dead. Necropsy in the five revealed widespread extension of
the glioma which apparently began in the optic chiasm.
Patients with astrocytomas, secondarily invading the optic
chiasm were excluded from this study.

TJUMOR SITES

I found no evidence that the tumor began at more than one site. Either
it began in the chiasm and involved one or both optic nerves, or it in-
volved the optic nerve and the chiasm on one side, or it began in one
optic nerve alone. The optic tract was involved with the chiasm in two
patients (Case #29 and Case #38).

Clinically the chiasm was involved in 32 patients out of the total 41,
16 had bilateral symptoms. In six, the chiasm and left optic nerve only
were affected and in ten the chiasm and right optic nerve only. Chias-
matic gliomata were verified pathologically in 22 patients. Four had
chiasm and left nerve involved, four had chiasm and right nerve, and 14
had chiasm with both optic nerves included in the tumor at time of
diagnosis.

RESULTS

RESULTS OF GROUP I CASES

Group I consists of nine patients in whom the tumor was limited to one
optic nerve and was removed surgically. Two patients were males and
seven were females. The age of onset ranged from three to eight years;
four patients being four years of age. Von Recklinghausen's disease was
present in five of the nine, two of whom also had a family history of von
Recklinghausen's disease. The intelligence quotient was normal in all
patients.
The presenting symptom was proptosis in seven of the nine patients

and had been present for from three weeks to two years. Frontal head-
aches had been a feature in one patient and ocular pain of rather short
duration in another. Papilledema found incidentally by a physician-
father in one instance (Case #6) led to further investigation. Only one
patient had a history of strabismus, and surgical correction had been un-
dertaken one year before the diagnosis of optic nerve glioma was made.

All patients had proptosis varying from 1 to 7 mm on the affected side
(Figure 4). The visual acuity in the affected eye was reduced in all
patients. Two patients had no light perception at the time of diagnosis.
One had inaccurate light projection and the remainder had vision of
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F1GURE 4

Unilateral proptosis of left eye in child with optic nerve glioma.

20/100 or less. except for one child whose vision was 20/50 on the af-
fected side. One temporal and one constricted field defect in the affected
eye was plotted. The visual field was normal in all unaffected eyes ex-
cept in one patient where poor cooperation prevented visual field as-
sessment. Papilledema was found on the affected side in all but two
patients, varying from a slight blurring of the disc margins to gross swell-
ing with hemorrhages and exudates. Optic atrophy occurred in only two
patients. In all nine patients the disc was normal on the unaffected side.
No other retinal abnormalities were noted and no tumor could be identi-
fied in the swollen discs. A sixth nerve palsy, present in two children re-
sulted in esotropia in one. Exotropia was present in two other children,
one of whom had had corrective surgery. None had nystagmus.

RADIOLOGICAL FINDINGS IN GROUP I

The characteristic finding was a dilated optic foramen on the affected
side in the routine skull roentgenogram (Figure 5). Only one child had a
normal skull roentgenogram showing normal optic foramina. No child
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FiGURE 5

Roentgenogram to show the optic foramen (indicated by arrow). A. Note the normal oval
right optic foramen. B. Diffuse swelliig of the left optic foramen due to optic nerve glioma.

had separation of the coronal sutures or other signs of increased intra-
cranial pressure. The right clinoid appeared thinned in one child, a find-
ing confirmed by tomography. An encephalogram in this patient showed
asymmetrical filling of the lateral ventricles, the left being larger than the
right. Axial tomograms in four of these patients showed enlargement of
the optic canal on the affected side.

SURGICAL TREATMENT IN GROUP I

Only one patient was treated solely by a modified Kronlein procedure
(Case #1). Eight patients had craniotomy with biopsy and in one of these
the craniotomy was repeated (Case #2). Two years after craniotomy a
second craniotomy was performed and the proptosed eye was enucleat-
ed. At the second craniotomy no evidence was found that the tumor had
crossed the incision between the nerve and the chiasm. The tumor was
growing forward from the mass in the optic canal toward the orbit.
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One other child in this group underwent enucleation to relieve prop-
tosis. In four others, removing the tumor from within the orbit by a modi-
fied Kronlein procedure was sufficient treatment for the proptosis.

In one child, in whom the tonogram showed a dilated optic canal, the
neurosurgeon unroofed the canal, and removed the intracanalicular and
intracranial portion of the optic nerve to within 3 mm of the chiasm. No
tumor was found in the specimen. However tumor was found micros-
copically in the orbital part of the optic nerve which was subsequently re-
moved by a modfied Kronlein procedure.

RADIATION IN GROUP I

One child (Case #2) received postoperative radiation therapy following
the second craniotomy. No further extension of his tumor has been seen
in six years follow up.

PATHOLOGICAL VERIFICATION IN GROUP I

In all patients of Group I, optic nerve glioma was verified pathologically.
The tumor was contained within the nerve sheath and microscopically
consisted of closely packed fibrous strands, arranged in a whorl pattern.
The number and size of nuclei varied. No mitotic figures were seen in
any specimen.

FOLLOW UP IN GROUP I

The length of follow up studies of patients in this group ranged from
nine months to 15 years. In all the visual acuity and visual fields in the
remaining eye were normal. Skull roentgenograms showed no change in
the optic canals after nine years. The tomogram repeated in one child,
a year after diagnosis also showed no change in the size of the optic
canals. In another child the tomogram, five years after diagnosis, showed
the size of the canal to have decreased on the affected side (Case #8).
One child (Case #1) had a postoperative right sixth nerve palsy with
esotropia, which was corrected surgically. Three others had a temporary
postoperative sixth nerve palsy which required no treatment. All children
appeared to lead normal lives with, of course, normal vision remaining
in one eye only.

RESULTS OF GROUP II CASES

Group II consisted of those 12 patients in whom the tumor had invaded
one or both optic nerves and the chiasm and in whom the disease did
not progress during the follow up period.
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CLINICAL FINDINGS IN GROUP II

The eight females and four males in this group, ranged in age from four
months to nine years. Seven of the 12 children were five years of age or
younger. Von Recklinghausen's disease was present in six and two of
these also had a family history of von Recklinghausen's disease. One child
with no evidence of von Recklinghausen's disease had a sister with
caf6 au lait spots. The intelligence quotient was low normal (70 to 80)
in three patients, two of whom also had von Recklinghausen's disease.
Two children had been admitted to the neurological service, one (Case
#12) because of a weak left arm and leg with bilateral hyperreflexia and
Babinsky sign, the other (Case #20) because of headaches, nausea, vom-
iting and listlessness. Both of these children required surgical shunting
procedures to relieve the obstructive hydrocephalus.

In this group, visual loss, commoner as a presenting symptom than
proptosis, occurred in six patients and had been present for from five
days to three years prior to diagnosis.

Proptosis (3-4 mm) was the primary problem in two patients and was
noted in two others. In all patients the proptosis was of recent onset. Two
patients complained of ocular pain and five presented with strabismus of
from one to two years duration. One patient had undergone previous
strabismus surgery. An incidental finding of papilledema on routine ex-
amination brought one patient into the hospital for further investigation
(Case #10).

Visual loss was bilateral in three patients. One had no light perception
in either eye; another, light perception only in both eyes. The third
could count fingers when using one eye and had no light perception
in the other. In the other nine patients visual loss was unilateral, varying
from no light perception only to 20/200 vision. The visual fields could
not be tested in three patients in this group, because two were too young
and the other had no light perception. One patient had a bitemporal vi-
sual field defect and in the remaining eight patients the visual fields ap-
peared normal. Optic atrophy occurred bilaterally in three patients and
unilaterally in four. Papilledema occurred unilaterally in six patients, one
of whom had optic atrophy in one eye and papilledema in the other. One
patient had esotropia with a sixth nerve palsy and another had esotropia
without nerve palsy; another had exotropia. One patient in this group
had a searching nystagmus associated with blindness (Case #12).

RADIOLOGICAL FINDINGS IN GROUP II

The skull roentgenograms in one patient originally showed a normal
optic foramen, one month later the foramen had enlarged to 8 mm (Case
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#11). In two other patients the optic foramina appeared normal, but in
one of these, subsequent tomograms showed enlargement of the optic
canal (Case #17). Enlargement of the optic foramen was unilateral in
eight patients and bilateral in two (Case #10 and Case #16).

Other abnormalities noted in the routine skull roentgenograms were
splitting of the coronal sutures in two patients (both of whom had hydro-
cephalus with raised intracranial pressure) and erosions of the anterior
clinoid processes or abnormalities of the sella in six patients.
Tomography of the optic canals in the six patients in whom it was per-

formed, revealed bilateral enlargement in one patient (Figure 6) and
unilateral enlargement in three others. The canals appeared normal in
two patients (Case #11 and Case #12). The chiasmal lesion was demon-
strated by air encephalography in six patients, by ventriculography in
two, and by arteriography in four.

SURGICAL INVESTIGATION IN GROUP II

Surgical resection of the tumor was impossible in this group. Ten pa-
tients underwent craniotomy for biopsy. Unfortunately in one patient
the biopsy specimen was lost. In another patient, craniotomy revealed a
normal appearing optic chiasm so no biopsy was taken. One patient
(Case #16) had a modified Kronlein procedure to remove the orbital
tumor, although the proptosis was slight (2 mm). Shunting procedures to
relieve hydrocephalus were performed in two patients (Case #12 and
Case #20).
No treatment was given to one patient in this group. Surgery was not

performed because the child had hypertension and was ill (Case #21).

RADIATION IN GROUP II

Radiotherapy was given to eight patients.

PATHOLOGY IN GROUP II

Pathological verification was made in nine patients. Microscopically
the tumors resembled those of Group I. No evidence of malignancy was
found.

FOLLOW UP IN GROUP II

The length of follow up for patients in Group II has been from six months
to 11 years. Visual acuity has become no worse except for the visual loss
from the surgical biopsy on the side of already poor vision.

Visual acuity improved from what it was at time of diagnosis in two
of the 13 patients in this group. In one (Case #11), the vision improved
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from light perception only to counting fingers following craniotomy,
biopsy, and radiation therapy. The improvement may be attributed to
the radiation therapy. The other (Case #19) improved spontaneously
from 20/300 to 20/20 after craniotomy failed to show any tumor; biopsy
was not done. He has been re-examined over a period of four years and
vision has remained normal. In ten other patients the vision remained
unchanged. Four patients had temporal visual field defects on re-exam-
ination. In only one patient had the defect been recognized at the time of
diagnosis, four years previously. The other visual field defects were not
felt to be due to a surgical complication but rather lack of cooperation at
earlier examinations.
A postoperative sixth nerve palsy occurred in two patients, one was

cosmetically straight and one had esotropia. Two other patients develop-
ed strabismus in amblyopic eyes and in one other patient strabismus per-
sisted in a blind eye.

RESULTS OF GROUP III CASES

These 20 patients in whom the tumor invaded one or both optic nerves
and chiasm and in whom the disease progressed constituted the final
group of this series.

There were ten males and ten females whose ages varied from nine
months to 12 years with an average age of six years. Eight of the 20
patients had von Recklinghausen's disease and three of these also had a
positive family history of that condition. One other patient with no evi-
dence of the disease herself had a family history of caf6 au lait spots.
The intelligence quotient was low normal (70 to 80) in nine of these
patients, four of whom also had von Recklinghausen's disease.

CLINICAL FINDINGS IN GROUP III

The presenting symptom in nine patients was visual loss of from six
weeks to five years' duration. Only one patient presented with precocious
puberty which had been noticed for one year. Symptoms and signs of in-
creased intracranial pressure such as headaches, falling, drowsiness,
hydrocephalus, clumsiness, and increasing somnolence were noted in
nine patients. One had had hemiplegia for six months and another for
three months. One patient's complaint of bulging eyes (Case #41) had
led to ophthalmic investigation. No proptosis was measureable, however.
Optic atrophy found on routine ocular examination caused another pa-
tient to be hospitalized for further studies (Case #40).
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Visual acuity was reduced in both eyes to no light perception in three
patients. In 14 the vision ranged from 20/100 to light perception. Uni-
lateral loss of vision was present in three patients only. Vision was normal
in one patient at the time the presumptive diagnosis was made and was
reduced to only 20/30 in two patients, in whom the diagnosis was not
verified pathologically.
A bitemporal visual field defect was recorded in five patients and a

homonymous hemianopic field defect in one patient. In five patients in
this group there was no record of the visual field at the time of diagno-
sis, because they were too young to record accurate fields, even by
confrontation.
Optic atrophy was noted in 15 patients and was much commoner than

papilledema which was noted in three. The discs were thought to be
normal in one patient only, and in one child (Case #33) they were not
seen. A sixth nerve palsy was also noted in one patient in this group at
the time of diagnosis. Another had esotropia and four others showed exo-
tropia. There was one patient with marked hypertropia. Nystagmus,
searching in type, was seen in three patients and a jerk type of nystag-
mus, indicating brain stem damage was seen in seven other patients.

RADIOLOGICAL FINDINGS IN GROUP III

Skull roentgengrams showed abnormalities in the optic foramina in 15
patients, bilaterally in 11 and unilaterally in four. The optic foramina
were normal on both sides in five patients. Coronal sutures were sepa-
rated, indicating increased intracranial pressure, in 12 of these patients.
Ten of them had abnormalities in the region of the sella, a finding seen
in three other patients without separation of sutures. Tomography of
the optic canals was done in five patients and was helpful in making the
diagnosis. The air encephalogram contributed to the diagnosis in 13 of
the 14 in whom it was performed. Ventriculograms were confirmative
in seven patients and arteriograms in four of the five patients having
arteriography.

SURGICAL INVESTIGATION IN GROUP III

Ten patients underwent craniotomy with biopsy, confirming the diagno-
sis of glioma. Enucleation or modified Kronlein procedures were un-
necessary because no patient had significant proptosis. Seven patients
had shunting procedures to relieve hydrocephalus. Two patients had
craniotomy without biopsy, because at the time the optic nerve and
chiasm appeared normal and a diagnosis of arachnoiditis was considered
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more appropriate. However in one of these patients the visual acuity
decreased from 20/20 in both eyes to 20/100 and 20/50 in right and left
eyes respectively, and the visual fields showed a bitemporal defect; in
the second, a tomogram three years later showed that the optic canal
had increased in size.

RADIATION IN GROUP III

Fourteen patients in this group received radiation; four in addition to
shunting procedures, seven following craniotomy with biopsy, and three
without surgical treatment. Those not radiated had craniotomy with
biopsy (three patients), craniotomy without biopsy (two patients), and a
shunting procedure (one patient). The three patients who only received
radiation therapy had progressive visual loss. Three others who had
radiation therapy combined with shunting procedures died.

Pathologic verification of the tumor was made in 13 of the 20 in this
group. There was no evidence of malignancy and nothing to differentiate
the cell type or the pleomorphism from those of Groups I or II. Extension
of the tumor into the surrounding tissues was the only pathological dif-
ference from Groups I and II.

FOLLOW UP IN GROUP III

The follow up period varied from two to 13 years. One other patient,
impossible to find six months after treatment, is presumed to be dead
(Case #24). Among the survivors re-examined, the visual acuity has de-
creased to 20/100 in all but one. One patient has been sent to a home for
mentally retarded children. Two have hemiparesis and epilepsy, and
one although blind is working and supporting himself fairly adequately.
Two patients have sixth nerve palsies and one has an exophoria. Skull
roentgenograms have shown no change in the size of the optic canal in
seven patients, an increase in size in the canal in three patients, three to
five years after diagnosis.
Necropsy has been performed in five patients all of whom died as the

result of the tumor extending from the chiasm into the third ventricle
and hypothalmic regions. Death occurred two weeks, one month, six
months, and two years after diagnosis, in patients who had had shunting
procedures to relieve their hydrocephalus. Four of the patients who died
had received radiation treatment.

514 Lloyd



J

7

AM f.X

FIGURE 7

A: Tumor astrocytes within nerve. Hematoxylin & eosin X 80 enlarged. B: Rosenthal fi-
bres (R) Tumor astrocytes within nerve. Hematoxylin & eosin X 128 enlarged.



THE PATHOLOGY OF OPTIC NERVS AND CIASMAL GLIOMAS

To determine whether the type of pathology might influence the prog-
nosis of these tumors, microscopic slides were reviewed in the 30 cases
in this institution; 26 from surgical biopsies and four from necropsies.
One autopsy was performed elsewhere. No significant pathologic dif-
ferences existed. The appearance did not differ from those already de-
scribed. All tumors were astrocytomas. The material was divided into
four groups by pathologic appearanee but not graded for degree of
malignancy. This grouping cannot be regarded as definitive. Where
material was abundant, the appearance might vary considerably within a
single tumor. In some instances the amount of material received mea-
sured only 1-2 mm, an amount inadequate to permit a statement about
the whole tumor.
The following groups do not correspond to the clinical grouping I - III.

GROUP Al - 10 CASES

These tumors were of slight to moderate cellularity and had a back-
ground stoma of fine, interweaving eosinophilic fibrils (Figure 7). The
nuclei were regular, small, and elongated. Two tumors showed mild to
moderate thickening of fibrous tissue septa within the optic nerve. One
contained many Rosenthal fibers. One showed considerable nuclear vari-
ations with moderate sized, vesicular, lobulated nuclei, and also contain-
ed astrocytes with abundant eosinophilic cytoplasm. One other tumor
contained a few large bodied astrocytes situated at the border between
persisting optic nerve and tumor. These may have been reactive astro-
cytes, but it is difficult to differentiate tumor proper from reactive
astrocytes.

GROUP A2 - 4 CASES

These tumors, composed of fibrillary astrocyres, were very similar to
the tumors of Group Al. The optic nerve sheath was present and showed
considerabe fibrous thickening in response to tumor invasion (Figure 8).
In one case the diameter of the optic nerve was 0.4 cm and the thickened
sheath was 0.8 cm and contained small nodules of tumor cells. Frequent-
ly a whorled pattern was formed by the glial tumor and reacting fibrous
tissue. Masson, van Gieson, and reticulin stains showed small compact
nodules of tumor cells surrounded by bands of collagenous fibrous tissue
of varying thickness and density. In two the number of Rosenthal fibers
in the tumor was much greater where the tumor had involved the nerve
sheath than where it had not. Similarly areas of mucinous degeneration
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FIGURE 8

Optic nerve on right, note thickened septa. Sheath on left, reticulin surrounds nest of tumor
cells. Reticulin X 128 enlarged.

of tumor were more frequent in the nerve sheath if it was involved.
These areas were characterized by wisps and bands of tumor cells sur-
rounding spaces in which there was a small amount of eosinophilic pro-
teinaceous material.

GROUP B - 9 CASES
These tumors were more cellular than those of Group A (Figure 9).
Nuclei were more densely packed and varied from round and ovoid to
elongated. There was an eosinophilic fibrillar background but nuclei
and fibrils were arranged in interweaving ribbons and bundles of cells.
The bands of tumor cells were occasionally divided by rather slender
bands of fibrous tissue. A few small foci of cystic degeneration were pres-
ent. One of these tumors penetrated the nerve sheath to produce a re-
action similar to that seen in Group A2.

GROUP C - 4 CASES

These tumors had a lacy appearance (Figure 10). Regular nuclei were
distributed on thin eosinophilic bands which surrounded small regular
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F1GURE 9

Interweaving bundles of tumor cells. Hematoxylin & eosin X 80 enlarged.

AAP1

F1GURE 10
To show lacy appearance. Hematoxylin & eosin X 32 enlarged.
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FIGURE 1 1

Microcystic area. Hematoxylin & eosin X 32 enlarged.

spaces. A complete cross section of one nerve was available and showed
markedly thickened fibrous septae surrounding small areas of tumor with
its lacy, finely cystic appearance. This nerve measured 1.3 cm in diam-
eter. There was a little thickening of the nerve sheath in this case, as
compared to those in Group A2. Only one case showed nuclear atypia.

GROUP D - 2 CASES
Considerable variation existed within these tumors (Figure 11). In one
place tumors consisted of round to ovoid astrocytes on a fine fibrillar
background with moderate sized cysts, and resembled microcystic cere-
bellar astrocytoma. In other places the nuclei were aggregated into lit-
tle groups surrounded by bundles of eosinophilic fibrils.

In all cases in this series the tumor replaced and destroyed the normal
axons and myelin of the optic nerve. Where sufficient material was avail-
able it was possible to see the tumor cells infiltrating between myelin
sheaths, which may persist for some distance into the tumor, but ulti-
mately degenerate and disappear.
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Two of the necropsy cases showed considerable necrosis. The necropsy
cases were distributed one in Group Al, two in Group B and one in
Group D.

Rosenthal fibers were much more frequent in tumors where they in-
vaded nerve sheaths. This relationship supports the suggestion that
these fibers are produced as the result of interference with the cell
metabolism, for it is reasonable to suppose that where tumor astrocytes
are surrounded by fibrous tissue they are at a disadvantage in receiving a
normal blood supply compared to tumor astrocytes within the optic
nerve itself.

DISCUSSION OF THE RESULTS

SITE

In this series there is no evidence to suggest multiple sites of origin. Bi-
lateral involvement of both optic nerves and chiasm is as frequent as
unilateral involvement of one nerve and chiasm. Involvement of the
optic tract is present in only two patients out of 41 (Case #29 and Case
#38). This agrees with the findings in other series that tumors localized
to the optic nerve are less frequent than those involving the chiasm.
When only one optic nerve is involved there is a slight preference for the
left side. This was noted by Byers.7 All but one of the nine orbital tumors
in this series extends to the intracranial portion of the nerve. Hoyt' noted
that three out of seven orbital gliomas extended intracranially.

SEX

Though there are more females than males, the difference was not
significant. Byers7 and Hudson8 also found the prevalence among fe-
males to be greater than among males.

FAMILIAL INHERITANCE

In this series there is a brother and a sister (Case #41 and Case #8); the
tumor in only one has been verified pathologically (Case #8). Holm-
strom,69 Davis,'0 Manschot,70 and Hoyt' have described the disease in
siblings.

INCIDENCE

How common is optic nerve glioma? In the past 27 years there were 41
cases in 601,000 hospital admissions, of which 148 were orbital tumors.
During the same period there are 810 brain tumors, 315 of which proved
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to be astrocytomas. Therefore the incidence of optic nerve and chiasmal
gliomas is 5%o of all intracranial tumors, 13%o of all astrocytomas,
0.0067%o of total hospital admissions and 28%o of all orbital tumors.

Russell5' in 1940, indicated an incidence of 1o of intracranial tumors
and 6%o of orbital tumors. The difference between her figures and my
figures is probably due to the fact that she is reporting on admissions to
an ophthalmic hospital and I am reporting on admissions to a general
childrens' hospital. Matson's50 reported incidence was 3.65% of 750 brain
tumors, in the Children's Hospital Medical Centre of Peter Bent Brigham
Hospital.

AGE

Age at the time of diagnosis averaged five years; the oldest patient being
12 years and the youngest being four months. Cases have been seen at
adult hospitals in older age groups but are not included here. Chiasmal
gliomas are usually diagnosed earlier than are those confined to the
optic nerve, because of the frequency of clinical signs and symptoms sug-
gesting intracranial tumor or obstructive hydrocephalus. When the
tumor affected only the nerve, reducing visual acuity with or without
producing proptosis, the lesion was not suspected as early; perhaps be-
cause children do not complain of visual loss or the development of
proptosis.
The present study indicated that the proven cases are diagnosed at an

earlier age than are the unproven cases. Although some tumors are un-
doubtedly present at the time of birth, the signs and symptoms appear
more commonly at four to five years of age and within the first decade of
life. Hoyt' stated that 80% are diagnosed in infants and preschool chil-
dren and can be considered congenital. The fact that these tumors occur
in young children does not make them necessarily congenital in origin.
There is also lack of pathological evidence in our series that these tumors
represent congenital cell rests.

ASSOCIATION WITH VON RECKLINGHAUSEN'S DISEASE

Von Recklinghausen's disease has been a feature in 40%o of the current
patients. A family history of this condition was elicited in another nine
patients including two patients in whom no caf6 au lait spots were pres-
ent. Most of our children with von Recklinghausen's disease were di-
agnosed because they had cafe au lait spots (Figure 12). Other stigmata,
such as small pigmented or nonpigmented iris tumors and skin nodules,
were infrequent. We found normal intelligence in two thirds of the
whole series.
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FIGURE 12
Unilateral proptosis and ptosis of right eye in child with night optic nerve glioma associated

with von Reckhinghausen's disease. Note cafe au lait spots on trunk.
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DIFFERENTIAL DIAGNOSIS

Rucker68 states that tumors of the chiasmal region constitute 15%o of all
brain tumors. Firstly there are four commoner lesions involving the
pituitary. Pituitary adenoma (chromophile or chromophobe) and chias-
mal glioma are often difficult to differentiate. However pituitary tumor
usually occurs in adults, optic atrophy is almost always bilateral,89 and
pituitary dysfunction may be present. A craniopharyngioma often shows
suprasellar calcification. An optic nerve meningioma is commoner in the
second decade of life than in the first. Intracavernous carotid aneurysm
is usually demonstrated by arteriography and is accompanied by third
nerve palsy including pupillary involvement.
Then there are a group of lesions that are less frequent. If a primary

lesion is found, particularly in the chest, metastatic tumor should be
suspected. Epidermoid tumor or intracranial dermoid should be suspect-
ed if roentgenograms show a bony defect of the sinus with reduplication
of its walls and calcification in the tumor. Multiple unilateral cranial
nerve palsies, occurring in the third to the fifth decade in males may
point to a diagnosis of chordoma. To differentiate between arachnoiditis
and chiasmal glioma, direct surgical inspection is necessary. Hydrocepha-
lus of the third ventricle will be demonstrated by air studies. Other rarer
conditions affecting the chiasm such as a colloid cyst can be demonstrated
by air study, or fibrous dysplasia of bone, by skull roentgenography.

Finally there are rare causes of disease in the pituitary region. Lipo-
dystroendothelioma, hemangioendothelioma, and ganglioneuroma can
be differentiated by pathological examination of the mass; granulomas
(tuberculous, sarcoid, or syphilitic), are suggested by the chest roentgeno-
grams, blood and skin tests. Post traumatic callus formation can be seen
on skull roentgenograms and disseminated sclerosis is diagnosed by
history and neurological findings of topographically scattered lesions,
and perhaps sclerosis of the internal carotid arteries impinging on the
lateral border of the chiasm can be demonstrated in some patients by
arteriography.

Combinations of these conditions may occur. Otenasek" described a
pituitary tumor and optic nerve glioma occurring in a 51-year-old pa-
tient. There was visual loss and optic atrophy but no pituitary dysfunc-
tion or changes on roentgenography. Both tumors were removed.
The differential diagnosis of expanding lesions of the orbit is also a

broad problem and I will mention only four points. Zimmerman"13
reviewed 214 primary tumors of the orbit in children and noted that
rhabdomyosarcoma was the most commonly found malignant tumor and
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glioma of the optic nerve was second in frequency. An orbital neuro-
fibroma producing a slowly progressive proptosis with muscle palsy may
be the only sign of neurofibromatosis. Sinus infection or orbital muco-
cele is usually excluded by otolaryngological examination. Vascular
tumors may produce intermittent proptosis.

In view of this differential diagnosis certain recommendations for in-
vestigation of patients suspected of having optic nerve or chiasmal
glioma can be made. To exclude neoplastic, inflammatory, or vascular
causes, consultations with an internist, neurosurgeon or otolaryngolo-
gist may be necessary after the ophthalmologist has completed his exam-
ination. The roentgenographic study often supplies the key diagnostic
point.

Skull roentgenograms including Waters and Caldwell projections of
both optic foramina and lateral stereoscopic views of the skull and views
of the base of the skull, and most important, tomograms of the optic
canals are readily available and are essential. Pfeiffer96 has indicated
that the diagnosis is roentgenographic in 40%o of patients. While roent-
genograms are helpful, a normal sized optic foramen does not prove
that the tumor is limited to the orbit. Orbital venography through the
frontal vein or air injected behind the globe will help outline an orbital
tumor.99 Pneumoencephalography may demonstrate the chiasmal sulcus
when an intracranial lesion is suspected. Ventriculography and arterio-
graphy are of less help unless the intracranial lesion is large.

CLINICAL

These patients are brought to the ophthalmologist and the neurologist
for different reasons. The ophthalmologist is consulted because of visual
loss, unexplained field loss, optic atrophy, proptosis, and strabismus. On
the other hand, the neurologist and neurosurgeon are consulted when a
chiasmal lesion produces symptoms and signs of increase intracranial
pressure such as bilateral visual loss, associated with headaches, nystag-
mus, vomiting, hemiparesis, and convulsions.

Symptoms from Pressure
There is nothing characteristic about the headaches associated with
chiasmal lesions although some of them seem to be accompanied by
restlessness, occasional vomiting, and convulsions, indicating increased
intracranial pressure. Symptoms resulting from pressure on the third
ventricle and hypothalamus include hydrocephalus, diabetes insipidus,
lethargy, sleepiness, obesity, and faulty sexual development.
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Proptosis
Crawford,"14 in reviewing 257 cases of proptosis in the Hospital for Sick
Children, Toronto, found only 41 due to tumor of which four were glio-
mas. More common were inflammatory, vascular, metabolic, and other
neoplastic causes. Spaulding48 on the other hand, on surveying the
material at the Armed Forces Institute of Pathology found that all the
patients with gliomas had proptosis.

Vision
Proptosis is not necessarily the first reason for seeking medical help.
Visual loss is commoner.

Visual acuity was not impaired in only three patients in my series. The
probable explanation is that tumor surrounded by nerve often leaves a
few compressed but unaffected fibres at its periphery. Only later does
the mass compress the nerve and destroy vision by pressure, or by ob-
structing the blood supply to the nerve. The visual acuity at the time of
diagnosis ranged from no light perception to 20/100.

Optic Disc
When the tumor was close to the globe, edema of the disc was a more
common finding than was optic atrophy. Since there was no associated
increased intracranial pressure, the disc swelling on the affected side was
probably due to obstruction of the venous return from that optic disc by
tumor. Martin and Cushing2 felt some swollen discs might be due to
tumor at the disc. When the tumor was distal to the globe or intracranial,
optic atrophy was more frequent.

Papilledema and optic atrophy had an equal incidence in Group II
where tumors of the chiasm and optic nerve did not progress clinically.
Ten out of 12 patients in this group also showed no signs of generalized
raised intracranial pressure.

In Group III where prognosis for both life and vision was poor, 75%o of
the patients showed optic atrophy in spite of roentgenographic evidence
of raised intracranial pressure in 60%o of this group. Perhaps this reflects
the very slow growth of the tumor.
The presence of unilateral papilledema therefore, may suggest a

slightly more favorable prognosis. Papilledema in one eye and optic
atrophy in the other worsens the outlook, and bilateral optic atrophy is
the least favorable.

Arkhangelsky30 described retinal hemorrhages similar to those seen
in retinal vein occlusion. Secondary rubeosis iridis with hemorrhagic
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glaucoma following retinal vessel occlusion was described in one case of
optic nerve glioma by Hovland.28
No optic disc or retinal tumors were seen in our series, and apart from

pigmentary retinal changes in one patient (Case #18), no retinal lesions
were found.

In three patients, all of whom had neurofibromatosis, the ophthahno-
scopic examination showed myelinated fibres in two (Case #19 and Case
#21) and glial tissue extending from the disc in the third (Case #40).
These findings were not noticed until the swelling of the discs had sub-
sided. They persisted. The myelin fibres of von Recklinghausen's disease
have been considered incidental by Moore"16 and Copeland."9 Shap-
land"17 postulated some metabolic agent derived from the tumor cells
stimulating a glial reaction.

Visual Fields
Visual fields cannot be counted as an aid to diagnosis in very young chil-
dren because they cooperate poorly. After the age of six most children
will respond to confrontation testing. Careful visual fields of the opposite
eye are helpful although chiasmatic involvement is not always reflected
by demonstrable visual field defects. This may have the same explana-
tion as the sparing of the vision in some patients. That is, enough chias-
mal nerve fibres are unaffected by tumor and the fields are normal by
the usual testing.

Strabismus
Strabismus surgery was performed on two patients before the diagnosis
of glioma was made. In the presence of von Recklinghausen's disease,
strabismus in amblyopic eyes (even without definite optic atrophy)
should always make the surgeon suspicious of a compressive lesion of the
optic nerve such as glioma. The four instances of sixth nerve palsies we
noted probably resulted from pressure of the tumor on the nerve. Tym90
stated that no case has been recorded where the tumor has invaded or
enveloped the ocular muscles or their nerves to produce ocular muscle
palsies.

Nystagmus
Vertical and horizontal gaze evoked jerk-type nystagmus, seen most
frequently in patients of Group III, makes one suspect brain stem com-
pression. Searching pendular nystagmus was characteristic of those
children who were blind.
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RADIOLOGICAL FINDINGS

Standard roentgenography of the optic canals and sella demonstrate only
the orbital orifice of the optic canal and the lateral appearance of the
clinoids and optic sulcus respectively. The intracanalicular portion of the
optic canal and intracranial orifice cannot be visualized by these tech-
niques. Evans and others"15 state, or quote other authors, that in optic
nerve gliomas of the orbit 70%o were confined to the anterior portion of
the optic canal; 22% of children with optic gliomas had normal standard
roentgenographs of the anterior canal orifice and, furthermore, four
children with normal roentgenographic orbital foramen had a widened
cranial orifice seen at operation. Transcanalicular extension of an optic
glioma without evidence of canal enlargement is very rare.
Our own experience concerning the value of standard roentgeno-

graphic techniques confirms these findings.
However, the routine roentgenographic findings are not alway char-

acteristic of glioma of the optic nerve, even when it is suspected. Skull
roentgenograms repeated on different occasions showed normal optic
foramina in four of our proven cases. It is not enough to make a skull film
when this diagnosis is suspected, even though enlargement of the optic
foramen is the commonest single roentgenographic abnormality in optic
nerve glioma. If split coronal sutures are found, chiasmal invasion with
hydrocephalus and increased intracranial pressure is likely. Abnormal-
ities of the sella might make one suspicious of a craniopharyngioma.
The best single radiological technique to confirm the diagnosis is

axial tomography. It is unnecessary when optic foramina are enlarged
by standard techniques, but if there is only a slight suspicion of enlarge-
ment of the optic canal, tomograms will demonstrate funnelling and en-
largement of the intracranial portion in contrast to the orbital part of
the canal.
The pneumoencephalogram has been helpful in outlining the chiasmal

groove, the chiasm, and the nerves in some patients, even where it ap-
pears abnormal. However, intracranial exploration has sometimes re-
vealed this to be untrue. In the last 15 children in whom we have diag-
nosed glioma of the optic nerve or chiasm, the standard pneumoencephal-
ogram without tomography has often failed to identify intracranial in-
volvement or to reveal the true size of this involvement once identified.
In one instance, where roentgenograms of the chiasmal groove suggested
that the chiasm was involved, craniotomy showed it to be normal (Case
#19). Arteriograms have been of little help in making the diagnosis.
Because of these shortcomings, both axial tomography of the optic canals
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and anteroposterior tomography as part of a pneumoencephalogram in
children with gliomas of the optic nerve should be performed.

TREATMENT

No Treatment
In only one patient have we followed Hoyt's' advice and undertaken no
treatment. Our reasons were medical (Case #21). Visual acuity has not
changed but the optic canal is enlarging, indicating that the tumor is
growing.

In one patient, because the optic nerve appeared normal on intra-
cranial surgical inspection, no biopsy was taken. After operation the
vision return to normal and has remained so (Case #19). It is possible
the decreased visual acuity was due to a reactive gliosis. However, the
radiologic evidence indicates that this must be a slowly growing astrocy-
toma leaving enough unaffected nerve fibres to maintain normal visual
acuity. Further visual loss should eventually occur in this child.
Two other patients (Case #40 and Case #41) in whom no tumor was

found on craniotomy have been followed for three and five years. In one
the vision had decreased and in the other enlargement of the optic canal
by tomography has indicated further growth of tumor.

Indication for Surgery
1 If radiographic evidence indicates that the tumor is contained wholly

within the orbit, it should be removed through a modified Kronlein
approach.110

2 If the roentgenograms show enlargement of the optic foramen or
canal or if sections of the tumor removed at a Kronlein procedure show
that the tumor has not been totally removed, then intracranial opera-
tion to remove the remainder of the tumor should be done.97

8 If the tumor is unilateral and both intracranial and intraorbital, the
first approach should be transcranial. After that procedure, if propto-
sis is still present, the tumor should be removed from the orbit.

Surgical Treatment
Case #2 is of interest. At operation the tumor was left in the optic canal,
but removed both orbitally and intracranially. Afterwards the tumor
grew within the optic canal extending forward into the orbit and produc-
ing further proptosis. It did not cross the cut end intracranially. It would
appear that if the nerve is cut between tumor and chiasm it will not cross
the gap and invade the chiasm.
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In this series there has been no significant neurosurgical complications,
such as hemiparesis from craniotomy or from biopsy. Surgical adjuncts
such as lumbar puncture, hyperventilation, urea or mannitol to shrink
the brain, and cortisone to protect the patient during operation, together
with increased surgical experience, have contributed to making intra-
cranial exposure of the orbit and chiasm a procedure with small risk.50
The optic nerve is sacrificed on the side of the tumor, resulting in no
light perception, but this has not been a great loss, since in most of the
patients the vision was already reduced to either light perception or less
than 20/100. The postoperative ptosis and strabismus usually improve
without surgical correction and occur rarely.

RADIATION

Vision decreased slowly in three patients who had radiation as the only
form of treatment (Case #37, Case #38 and Case #39). Radiation prob-
ably slowed the progression of visual loss and general deterioration. Any
brain tumor requiring radiation should receive the maximum dose. In
earlier years, here and elsewhere, lower doses of radiation may have
stimulated growth of tumor. If there is already visual loss radiation does
not help, however, it may slow the extension of the tumor and prevent
further loss of vision. Radiation therapy is indicated when the lesion can-
not be excised and symptoms progress or when the lesion is bilateral with
chiasmal involvement and surgery is impractical.

PROGNOSIS

My study has revealed no indication, from age, sex, signs and symptoms,
radiological, or pathological findings, which patient will have a slow
course with little change in vision and a good prognosis for life, or
which patient will lose vision, develop hydrocephalus and compression of
vital midbrain structures.

Radiological evidence does not always indicate chiasmal involvement
or freedom from it. Only intracranial exploration will show in which
cases of unilateral glioma with optic foramen enlargement the tumor can
be excised without affecting the chiasm.

Prognosis is best for patients of Group I, that is when the tumor is
limited to one optic nerve, the optic foramen on that side is not enlarged,
and the tumor can be completely resected. In one patient (Case #1), an
Indian girl with many caf6 au lait spots, these conditions were met;
histologically the entire tumor appeared to be included in the portion
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of the nerve removed. Repeated examinations over the past 15 years
revealed no recurrence of tumor at the site of removal or elsewhere.

Prognosis is second best for patients of Group I, in whom the tumor is
limited to one optic nerve and is totally removed surgically. The optic
foramen and optic canal are enlarged, but craniotomy reveals a normal
chiasm and the nerve anterior to the knee of Wilibrand's crossing fibres
is free of tumor. Eight patients were in this group. None have shown evi-
dence of extension of the tumor over periods ranging from one to 13
years.
The Group III patients in this series were the ones with the downward

course. In these patients the vision and general condition went downhill
during the follow up period. These were the patients who showed bi-
lateral enlargement of optic foramina, roentgenographic evidence of
chiasmal involvement, and bilateral neurologic signs. However, when
these patients are first seen there is no way to predict the ones in whom
the tumor will continue to extend and in whom the tumor will remain
localized.

SUMMARY AND CONCLUSION

Hoyt' from a review of his material, states that in all cases of optic
glioma no form of therapy, including surgery, alters the prognosis either
for life or for vision. In some cases the tumor does not extend while in
others extension is significant and will lead to death.

However, I separate out a group of patients in which the tumor has not
extended to the chiasm, which can be identified clinically, and can be
completely resected. Follow up of these patients has indicated an excel-
lent prognosis.

In a number of patients in this series extension of the tumor into the
chiasm was confirmed at operation and no resection was attempted. In
some there was no progression while others had progression, further vi-
sual loss, and death. There was no clinical, radiologic, surgical, or histo-
logic finding which indicated whether extension would or would not oc-
cur. A blind study of the pathologic material in 30 cases showed no micro-
scopic change that could be related to either progression or
nonprogression.

If neurological signs of extensive cranial involvement are present,
including hemiplegia and hydrocephalus, no treatment other than shunt-
ing procedures and radiation is indicated. But, if the diagnostic signs
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suggest the tumor is still unilateral, within the orbital or intracranial
portion of the nerve, then surgical intervention is indicated. In these
patients total excision of the tumor is possible and should be undertaken.

REFERENCES

1. Hoyt WF, Baghdassarian SA: Optic glioma of childhood. Natural history and rationale
for conservative management. Br I Ophthalmol 53:793, 1969.

2. Martin P, Cushing H: Primary gliomas of the chiasm and optic nerves in their intra-
cranial portion. Arch Ophthalmol 52:209, 1923.

3. Scarpa: 1816. Case quoted by Demarquay: Traite des tumeurs de l'orbite. Paris,
1960. (Quoted by Byers, reference #7)

4. Wishart JH: Case of exterpation of the eyeball. Edinburgh Medical and Surgical
Journal 40:274, 1833. (Quoted by Byers, reference #7)

5. Panizza B: Fungo midollare dell occhio. Pavia, Pietro Bizzoni S. Bolzani, 1921.
(Quoted by Byers, reference #7)

6. Von Graefe A: Albrecht von Graefes Arch Klin Ophthalmol 10:193, 1864. (Quoted
by Byers, reference #7)

7. Byers WGM: The primary intradural tumors of the optic nerve, (Fibromatosis nervi
optici.). Royal Victoria Hospital, Montreal Studies 1:3, 1901.

8. Hudson AC: Primary tumors of optic nerve. Royal London Ophthalmol Hosp Re-
ports 18:317, 1912.

9. Lundberg A: Uber die primaren Tumoren des Sehnerven und der Sehnervenkreuz-
ung. Inqug Dissert Karolinisches Institut, Stockholm, Nordiska Bokhandeln, 1935.
(Quoted by Braendstrup, reference #54)

10. Davies FA: Primary tumors of the optic nerve ( a phenomenon of Recklinghausen's
disease); a clinical and pathological study with a report of five cases and a review of
literature. Arch Ophthalmol 23:735 and 957, 1940.

11. Marshall D: Glioma of the optic nerve, as a manifestation of von Recklinghausen's
disease. Am I Ophthalmol 37:15, 1954.

12. Taveras JM, Mount LA, Wood EH: The value of radiation therapy in the management
glioma of the optic nerves and chiasm. Radiology 66:518, 1956.

13. Dodge HW Jr, Love JG, Craig WM, Dockerty MB, Kearns TP, Holman CB, Hayles
AB: Gliomas of the optic nerve. Arch Neurol Psychiat 79:607, 1958.

14. Wagener HP: Gliomas of the optic nerve. Am I Med Sci 237 :238, 1959.
15. Holman CB: Roentgenologic manifestations of glioma of the optic nerve and chiasm.

Am J Roentgenol Radium Ther Nucl Med 82:462, 1959.
16. Jefferson G: Involvement of the optic chiasma and optic nerves in cerebral gliomas.

Trans Ophthalmol Soc UK 79:463, 1959.
17. Luse SA: An electron microscopic study of the normal optic nerve and of an optic-

nerve glioma. I Neurosurg 18:466, 1961.
18. Jain NS: Two-stage intracranial and orbital operation for glioma of the optic nerve.

Br I Ophthalmol 45:54, 1961.
19. Beasley H, Bussey JL: Glioma of the optic nerve. Tex Med 57 :978, 1961.
20. Attariwala GS, Allen JD: Glioma of the optic nerve. Can Med Assoc 188:623, 1963.
21. Reddy MRK, Satyendran OM: Glioma of the optic nerve. I Indian Med Assoc 42:

485, 1964.
22. Hales RH: Glioma of the optic disc. Arch Ophthalmol 70:648, 1963.
23. Wolter JR, McKenney MJ: Collateral hyperplasia and cyst formation of orbital lepto-

meninx: Secondary to optic-nerve glioma. Am I Ophthalmol 57:1037, 1964.
24. Bane WM, Long JC: Glioma of the optic nerve. With reports of three cases treated

surgicaUy. Am I Ophthalmol 57:649, 1964.

531



532 Lloyd

25. Little HL, Chambers JW, Walsh FB: Unilateral intercranial optic nerve involvement,
Neurosurgical significance. Arch Ophthalmol 73:331, 1965.

26. Richards RD, Lynn JR: The surgical management of gliomas of the optic nerve. Am
I Ophthalmol 62:60, 1966.

27. Gartner S, Feiring EH: Glioma of the optic nerve and retina. Am I Ophthalmol 61:
747, 1966.

28. Hovland KR, Ellis PP: Hemorrhagic glaucoma with optic nerve glioma. Arch Oph-
thalmol 75:806, 1966.

29. Schuster G, Westberg G: Gliomas of the optic nerve and chiasm. Acta Radiol [Diagn]
(Stockh) 6:221, 1967.

30. Arkhangelsky VN: Neoplasms of the optic nerve. Ophthalmologica 151:260, 1966.
31. Udvarhelyi GB, Khodadoust AA, Walsh FB: Gliomas of the optic nerve and chiasm in

children, an unusual series of cases. Clin Neurosurg 13:204,1965.
32. Condon JR, Rose FC: Optic nerve glioma. Br I Ophthalmol 51:703, 1967.
33. Otenasek FJ, Otenasek RJ Jr: Optic glioma and pituitary adenoma in the same pa-

tient. I Neurosurg 28: 274, 1968.
34. Wadsworth JA: Surgical treatment of optic nerve tumors. SouthMed 162:871, 1969.
35. Anderson DR, Spencer WH: Ultrastructural and histochemical observations of optic

nerve gliomas. Arch Ophthalmol 83:324, 1970.
36. Editorial: Glioma of the optic nerve. Lancet 1:229, 1970.
37. Emarah MH: Glioma of the optic nerve. Report of a case. Bull Ophthalmol Soc

Egypt 62:299, 1969.
38. Fog F, Seedorff HH, Vaernet K: Optic glioma. Clinical features and treatment. Acta

Ophthalmol (Kbh) 48:644, 1970.
39. Kelly TW: Optic glioma presenting as spasmus nutans. Pediatrics 45:295, 1970.
40. Housepian EM: Surgical treatment of unilateral optic nerve gliomas. I Neurosurg

31:604, 1969.
41. Chutorian AM, Carter S: Glioma of the optic nerve. Lancet 1: 786, 1970.
42. MacCarty CS, Boyd AS Jr, Childs DS Jr: Tumors of the optic nerve and optic chiasm.

I Neurosurg 33:439, 1970.
43. Glaser JS, Hoyt WF, Corbett J: Visual morbidity with chiasmal glioma. Long-term

studies of visual fields in untreated and irradiated cases. Arch Ophthalmol 85:3,
1971.

44. Collins F, Marshall D: Two cases of primary neoplasm of the optic nerve. Trans Oph-
thalmol Soc UK 20:156, 1900.

45. Cushing H: Chiasmal syndrome of primary optic atrophy and bitemporal field defects
in adults with normal sella turcica. Arch Ophthalmol 3:505 and 704, 1930.

46. Verhoeff FH: In: Penfield, W.: Cytology and Cellular Pathology of the Nervous Sys-
tem. New York: Paul B. Hoeber, Inc., 1932. p. 1036.

47. Boles WM, Naugle TC, Samson CLM: Glioma of the optic nerve. Report of a case
arising from the optic disc. Arch Ophthalmol 59: 229, 1958.

48. Spaulding WL: Glioma of the optic nerve and its management. Am I Ophthalmol 46:
654, 1958.

49. Fowler FD, Matson DD: Gliomas of the optic pathways in childhood. INeurosurg 14:
515, 1957.

50. Matson DD: Neurosurgery of Infancy and Childhood. Springfield, Illinois: Charles
C. Thomas, 1969. Chapt. 29, p. 523-536.

51. Russell DS, Rubinstein LJ: Pathology of Tumours of the Nervous System. 3rd ed.
London: Edward Arnold, 1971. p. 230-233.

52. De Long P: Primary tumors of the optic nerve; report of a case. Am I Ophthalmol 17:
797, 1934.

53. Stallard HB: A case of intra-ocular neuroma of von Recklinghausen's disease of the
left optic nerve head. Br I Ophthalmol 22:11, 1938.

54. Braendstrup P: Primary tumours of the optic nerve. Five cases. Acta Ophthalmol
(Kbh) 22:72, 1944.



Gliomas of Optic Nerve and Chiasm
55. Katzin HM: Glioma of the optic nerve. Mt Sinai IMed NY 11:332, 1945.
56. Mannheimer M: Glioma of the optic nerve. Am I Ophthalmol 29:323, 1946.
57. Jefferson G: Compression and invasion of optic nerves and chiasma by neighbouring

gliomas: Doyne lecture. Trans Ophthalmol Soc UK 65:262, 1946.
58. Hope-Robertson WJ: Primary tumor of the optic nerve. NZ Med 1 46:210, 1947.
59. Posner M, Horrax G: Tumors of the optic nerve: Long survival in 3 cases of intra-

cranial tumor. Arch Ophthalmol 40:56, 1948.
60. SaebX J: Primary tumour of optic nerve (glioblastoma multiforme). Br I Ophthalmol

33:701, 1949.
61. Goldsmith J: Neurofibromatosis associated with tumors of the optic papilla. Report of

a case. Arch Ophthalmol 41:718, 1949.
62. Bucy PC, Russell JR, Whitsell FM: Surgical treatment of tumours of the optic nerve,

Report of a case. Arch Ophthalmol 44:411, 1950.
63. McFarland PE, Eisenbeiss J: Glioma of optic nerve. Am J Ophthalmol 33 :463,1950.
64. Horns RC: Primary tumors of the optic nerve; report of two cases of glioma. Minn

Med 33:241, 1950.
65. Mitchell RM: Glioma of optic nerve, Report of a case cured by operation. NZ Med J

49:686, 1950.
66. Cohen I: Tumors of the intracranial portion of the optic nerve. Mt Sinai I Med NY

17:738, 1951.
67. Christensen E, Andersen SR: Primary tumors of optic nerve and chiasm. Acta Psy-

chiatr Neurol Scand 27:5, 1952.
68. Rucker CW: Tumors of region of optic chiasm. Mayo Clinic Proc 44:349, 1953.
69. Trueman RH, Rubin IE: Tumor of the optic disc associated with neurofibromatosis.

Presentation of a case. Arch Ophthalmol 50:468, 1953.
70. Manschot WA: Primary tumours of the optic nerve in von Recklinghausen's disease.

Br I Ophthalmol 38:285, 1954.
71. Donahue HC: An exceptional lesion of the orbit. Arch Ophthalmol 54:259, 1955.
72. Berg TH: Glioma of optic nerve in neurofibromatosis. Acta Ophthalmol (Kbh) 33:

23, 1955.
73. Wendland JP: Some instructive manifestations of chiasmal disease. One case of

pituitary adenoma, one of optochiasmal neuritis (arachnoiditis) and one of chiasmal
glioma. Arch Ophthalmol 54:13, 1955.

74. Craig WM, Dodge HW: Glioma of optic nerve: Report of a case. Mayo Clin Proc 30:
21, 1955.

75. Hanbery JW: Gliomas of the optic nerves. Stanford Bull 14:34, 1956.
76. Slade HW, Weekley RD: Glioma of the optic tract. Report of a case. Am I Ophthalmol

42:585, 1956.
77. Haberland C: Bilateral optic nerve glioma with misleading encephalogram. Psychiatr

Clin 134:215, 1957.
78. Wolter JR: Distant tumor-like leptomeningeal hyperplasia of the optical orbit nerve

secondary to chiasmal glioma. I Pediatr Ophthalmol 1:47, 1964.
79. Ferguson L: Enlargement of optic foramina: Report of two cases. Trans Ophthalmol

Soc NZ 10:47, 1958.
80. Throuvalas N, Bataini P, Ennuyer A: Les gliomes du chiasma et du nerf optique.

L'apport de la radiotherapie transcutande dans leur traitement. Bull Cancer (Paris)
56:231, 1969.

81. Cares HL, Bakay L: The clinical significance of the optic strut. I Neurosurg 34:355,
1971.

82. Pellet W, Rakotobe A, Paillas JE: Evolution tardive des gliomes du chiasma traites
par operation et irradiation. Rev Otoneuroophthalmol 43:241, 1971.

83. Montaut J, Picard L, Vittini F, et al: Gliome isole du nerf optique. Inter8t du diagnos-
tic precoce en vue d'une exerese radicale. Rev Otoneuroophthalmol 43:207, 1971.

84. Sen DK, Mohan H: Glioma of the optic nerve (record of an unusual case). Eye Ear
Nose Throat Mon 51:273, 1972.

533



85. Murphy S: Personal communication, Montreal, 1972.
86. Hudson AC, del Rio-Hortega, Wolff E: Discussion on tumors of the optic nerve. Proc

R Soc Med 33:687, 1940.
87. Boles WM, Naugle TC, Samson CLM: Glioma of the optic nerve. Report of a case

arising from the optic disc. Arch Ophthalmol 59:229, 1958.
88. Batzdorf U, Malamud N: The problem of multicentric gliomas. JNeurosurg 20:122,

1963.
89. Walsh FB: The ocular signs of tumors involving the anterior visual pathways. Am I

Ophthalmol 42:347, 1956.
90. Tym R: Piloid gliomas of the anterior optic pathways. Br I Surg 49 :322, 1961.
91. Levitt JM: Primary glioma of the optic chiasm. Report of a case. Am I Ophthalmol

40:856, 1955.
92. Leber T: Die Krankheiten der Netzhaut und des Sehnerven. In: von Graefe, A.,

and Saemisch, F. T.: Handbuch der gesamten Augenheilkunde, 1877. V, p. 910.
(Quoted by Braendstrup, reference #54)

93. Holmstrom M: Sqei fiille von exophthahmus bei neurofibromatosis Recklinghausen.
Acta Ophthalmol (Kbh) 6:403, 1928.

94. Crowe FW, Schull WJ: The diagnostic importance of the caf6-au-lait spot in neuro-
fibromatosis. Arch Intern Med 91:758, 1953.

95. Van der Hoeve J: Roentgenography of the optic foramen in tumors and diseases of
the optic nerve. Am I Ophthalmol 8:101, 1925.

96. Pfeiffer RL: A new technique for roentgenography of the optic canals. Am I Roent-
genol Radium Ther Nucl Med 29:410, 1933.

97. Walsh FB: Personal communication, Baltimore, 1972.
98. Dandy WE: Results following transcranial operative attack on orbital tumors. Arch

Ophthalmol 25:191, 1941.
99. Bertelsen TI: Diagnostische methoden bei einseitigem exopthalmus. Ophthalmologica

151:309, 1966.
100. Dilenge D, Metzyer J, Simon J: Le canal optique en neuroradiologie. I Radiol Electrol

Med Nucl 46:721, 1965.
101. Harwood-Nash DCF: Axial tomography of the optic canals in children. Radiology

96:367, 1970.
102. Parsons JH: The Pathology of the Eye. London: Hodder and Stoughton, 1905. Vol 2,

p. 193.
103. Von Hippel E: Die Krankheiten des Sehnerven. In: Von Graefe, A., and Saemisch,

F. T.: Handbuch der gesamten Augenheilkunde. Julius Springer, Publishers, 1923.
Vol 7, p. 525. (Quoted by Braendstrup, reference #54)

104. Verhoeff FH: Primary intraneural tumors (gliomas) of the optic nerve. Arch Oph-
thalmol 51:120 and 239, 1922.

105. Liss L: The oligodendrogliomas. A comparative study with tissue culture and silver
carbonate techniques. I Neuropathol Exp Neurol 20:582, 1961.

106. Herndon RM, Rubinstein LJ, Freeman JM, Mathieson G: Light and electron micro-
scopic observations on Rosenthal fibers in Alexander's disease and in multiple
sclerosis. I Neuropathol Exp Neurol 29:524, 1970.

107. Hogan MJ, Zimmerman LE (eds.): Ophthalmic Pathology. An Atlas and Textbook.
2nd edition. Philadelphia: W. B. Saunders Co., 1962. p. 619.

108. Kronlein R: Zur pathologie und behandlung der dermoid cysten der orbita. Beitr Z
Klin Chir 4:149, 1888.

109. Dandy WE: Orbital tumors, Results following the Transcranial Operative Attack.
New York: Oskar Piest, 1941. p. 1688.

110. Berke RN: A modified Kronlein operation. Arch Ophthalmol 51:609, 1954.
111. Love JG, Dodge HW, Bair HL: Complete removal of gliomas affecting the optic

nerve. Arch Ophthalmol 54:386, 1955.
112. Dyke CG, Davidoff LM: Roentgen Treatment of Diseases of the Nervous System.

Philadelphia: Lea & Febiger, 1942. p. 100-103.

534 Lloyd



Gliomas of Optic Nerve and Chiasm 535
113. Zimmerman LE: Discussion at the International Symposium on Ocular Tumors,

Houston, Texas, 1962, In: Boniuk, M. (ed.): Ocular and Adnexal Tumors, New and
Controversial Aspects. St. Louis: C. V. Mosby, 1964.

114. Crawford JS: Toronto Hospital for Sick Children. The Eye in Childhood, by the oph-
thalmologic staff of The Hospital for Sick Children, Toronto. Chicago: Year Book
Publishers, Inc. 1967. Chapt 15, p. 333.

115. Chutorian AM, Schwartz JF, Evans RA, Carter S: Optic gliomas in children. Neuro-
logy 14:83, 1964.

116. Moore RF: Diffuse neurofibromatosis with proptosis. Br I Ophthalmol 15:272, 1931.
117. Shapland CD, Greenfield JG: A case of neurofibromatosis with meningeal tumour in-

volving the left optic nerve. Trans Ophthalmol Soc UK 55:257, 1935.
118. Mattson RH, Peterson EW: Glioblastoma multiforme of the optic nerve. JAMA 196:

799, 1966.
119. Copeland MM, Craver LF, Reese AB: Neurofibromatosis with ocular changes and

involvement of the thoracic spine. Report of a case. Arch Surg 29:108, 1934.
120. Koos WT, Miller MH: Intracranial Tumors of Infants and Children. St. Louis: C. V.

Mosby, 1971. Chapt. 7, p. 156-190.


