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ABSTRACT

Brainstem gliomas have historically been one of the most difficult pediatric cancersto treat.
Tumors arising in the brainstem were once uniformly discounted as surgically unresectable lesions.
Early neurosurgeons thought this location to be inoperable and fraught with disaster. The advent of
computed tomography (CT), magnetic resonanceimaging (MRI) and sophisticated neurophysiol ogical
monitoring techniques have significantly advanced the surgical treatment of these precarious lesions.
Brainstem gliomas are now recognized as a heterogenous group of tumors. They have been broadly
classified into several categories depending upon the classification scheme. All these classification
systems provide aframework to predict growth patterns, surgical resectability and overall prognosis
for these heterogeneous tumors. These systems allow the surgeon to better differentiate low-grade
tumorsfrom the diffuseinoperabletumor type. Theauthorsreview the current management of brainstem
tumors and their experience with brainstem gliomas over a5 year period.
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The brainstem is defined as the midbrain,
pons and medulla. Gliomas within the
brainstem comprise 10-20% of all
pediatric CNStumors. Inthe United States, there
are approximately 150-300 annual cases (8).
Brainstem gliomas can occur at any age, although
they generally present in childhood, with the
mean age of diagnosis at 7 to 9 years (14, 43,
58). Thereis no gender predilection.

In the era before modern imaging, all
brainstem gliomas were regarded as a single
pathological entity, and the prognosis was con-
sidered uniformly poor. In 1969, Matson sum-
marized that “regardless of specific histology,
brainstem gliomas must be classified as malig-
nant tumors since their location initself renders
them inoperable” (45). Pool was one of thefirst
neurosurgeon to advocate surgery for certain
brainstem tumors. He operated upon severa chil-
dren and reported a survival of 10 to 25 years
(33). In the early 1980s, several neurosurgeons
began reporting favourable surgical outcomesfor

certain types of brainstem gliomas (10, 25, 27,
35, 57). Classification systems were then intro-
duced which attempted to identify those tumors
that benefited from surgery. These morphologi-
cal systems further evolved with the advent of
magnetic resonance imaging (MRI), thus help-
ing to predict tumor behaviour and determinethe
best management algorithm for these tumors.
This article reviews the current literature
and provides treatment options for brainstem
gliomas. We also present our seriesof brainstem
tumorstreated at asingle institution.

IMAGING AND CLASSIFICATION

Magnetic resonance imaging hasemerged asthe
primary diagnostic modality for brainstem glio-
mas. MRI multiplanar images assist in the es-
tablishment of the tumor diagnosis, identifica-
tion of tumor epicenter and prediction of itsbio-
logical behavior. Astrocytomas are the most com-
mon intrinsic tumor of the brainstem. On histol-
ogy, these tumors are fibrillary, in contrast to
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cerebellar astrocytomaswhich are predominantly
pilocytic. Other tumors which may arise in the
brainstem include PNET (Primitive Neuroecto-
dermal Tumors), lymphomas, gangliogliomas
and oligodendrogliomas (21). Lymphomaisdis-
tinguished by its uniform enhancement after
gadolinium administration. Although ependymo-
mastypically extend into the fourth ventricle or
cerebellopontine angle, they can occasionaly
resemble an intrinsic tumor of the brainstem
since they may cause brainstem compression or
appear to insinuate into the brainstem. Nonneo-
plastic lesions such as cavernous malformations,
tuberculomas, and epidermoids have also been
reported to arise within the brainstem. Additional
imaging studies such as angiography, MRI
spectroscopy or diffusion-weighted MRI se-
guences may be required for the uncertain diag-
nosis (23, 48). These imaging sequences have
supplanted the need for stereotactic biopsy for
certain brainstem gliomas (7).

Many classification schemes have been
devised for brainstem tumors (Table 1). The ear-
liest classifications relied on computed tomog-
raphy and surgical observations. More recent
classification schemes include MRI sequences.
All these systems categorize the tumor by
epicenter (diffuse or focal) or imaging charac-
teristics. Thesimplest classification dividesthese
tumors into two groups, either focal or diffuse
regardless of tumor epicenter. The more com-
plex schemes subdivide these tumors by loca
tion, growth pattern (‘focality’), presence of hy-
drocephal us or hemorrhage, and growth pattern.

DIFFUSE BRAINSTEM GLIOMA

Diffuse gliomas are the most commonly encoun-
tered tumor of the brainstem accounting for 58-
75% of all tumors(5, 27). On T1-weighted MRI
scan, they appear hypointense with indistinct
margins, reflecting theinfiltrative nature of these
high grade lesions (Figure 1). Diffuse gliomas
of the brainstem are generally greater than 2 cm
in size at time of presentation. They are charac-
terized by diffuse infiltration and swelling (or
hypertrophy) of the brainstem. The epicenter of
thelesionisusually the pons, however rostral or
caudal tumor extension is not unusual. These
diffuse gliomas are distinguished from focal
tumors by their indiscrete hyperintensity on T2-
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weighted imaging. Gadolinium enhancement can
be variable and has no prognostic implication
(30). These diffuse gliomas are typically malig-
nant fibrillary astrocytomas (Grade 11 or [ V).

FocaL TuMORS

Focal tumors are defined as demarcated lesions
of the brainstem found in either the midbrain,
ponsor medulla. Thesefocal tumorsmay be solid
or cystic and they always have clear, distinct
borderson MRI (Figure 2). Thetumor size and
characteristics are similar on both T1 and T2
sequences because of the relative lack of infil-
tration and edema. Tumor enhancement follow-
ing gadolinium administration may be variable,
but uniform enhancement is suggestive of aju-
venile pilocytic astrocytoma. Thesefocal tumors
are mostly benign (Grade | or 1) lesions, how-
ever anaplastic gangliogliomasand PNETs have
been reported (1).

EXOPHYTIC TUMORS

Dorsal exophytic brainstem gliomas are agroup
of tumorsthat arise from the subependymal glial
tissue (Figure 3). The bulk of the tumor resides
within the fourth ventricle which accounts for
the relatively late onset of symptoms. MRI re-
vealsawell-demarcated lesion with similar T1-
hypointensity and T2-hyperintensity signal char-
acteristics.

On histology, these tumors are almost al-
ways low-grade gliomas. They tend to grow
along paths of least resistance (into the fourth
ventricle and into cisterns) rather than infiltrate
the brainstem (36). Most of these exophytic
tumors will enhance with gadolinium, and can
be difficult to distinguish from ependymomas or
choroid plexus papillomas (13). In our experi-
ence, exophytic tumors that grow laterally and
ventrally into the brainstem are higher-grade
tumors as compared to those exophytic tumors
that project dorsally into the fourth ventricle.

CERVICOMEDULLARY TUMORS

Cervicomedullary brainstem gliomas are simi-
lar to intramedullary spinal cord gliomas (Fig-
ure4). The epicenter of these tumors may be ei-
ther in the medulla or cervical spinal cord. On
MRI, these tumors show mixed low and inter-
mediate signal intensity within the solid part of
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TaBLE 1

Classification Systems for Brainstem Tumors
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Author, year

Classification System

System based on

Epstein, 1985

Intrinsic
diffuse
focal
cervicomedullary
Exophytic
Anterolateral into cerebellopontine angle
Posterolateral into brachium pontis
Posterior into fourth ventricle
Disseminated
Positive cytology
Positive myelography

CT

Epstein, 1986

Diffuse
Focal

Circumscribed mess less than 2 cm, no edema
Cervicomedullary

CT, MRI and
Surgical Observation

Stroink, 1986

Group | - dorsal exophytic glioma
Group lla - intrinsic brainstem tumors

hypodense, no enhancement
Groupllb - intrinsic brainstem tumors

hyperdense, contrast enhancing, exophytic
Group 11 - focal cystic tumor with contrast enhancement
Group 1V - focal intrinsic isodense, cortrast enhancing

CT

Barkovich, 1991

Location
Midbrain, pons, medulla
Focality
Diffuse or focal
Direction and extent of tumor growth
Degree of brainstem enlargement
Exophytic growth
Hemorrhage or necrosis
Evidence of hydrocephalus

MRI

Albright, 1996

Focal
Midbrain, Pons (dorsal exophytic pontine glioma), Medulla
Diffuse

MRI

Fischbein, 1996

Midbrain
Diffuse, focal, tectal
Pons
Diffuse, focal
Medulla
Diffuse, focal, dorsal exophytic

MRI

Choux, 1999

Type | - intrinsic tumor, diffuse, hypodense on CT, low intensity in
T1-weighted images, with no significant enhancement

Type |l - intrinsic and focal tumor, which may be solid or cystic

Type |1 - exophytic tumor, either dorsally or laterally

Type IV - cervicomedullary tumor

CT and MRI

CT = computed tomography; MRI = magnetic resonanceimaging

the tumor. MRI assistsin delineating therostral  The majority of these tumors are benign low
and caudal pole of thesetumors, aswell asiden-  grade astrocytomas, and they demonstrate dis-
tifying any associated syrinx or cysts. tinct growth patterns (28, 36). Thesetumors have
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Ficure 1: Diffuse pontineglioma. (A) Sagittal T1-weighted MRI scan with gadolinium
demonstrates an enlarged pons with minima enhancement. (B) Axial T2-weighted
sequence demonstrates the hyperintense signal within the enlarged pons.
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C.

Ficure 2: Focal tumor. (A) Sagittal T1-weighted MRI with gadolinium demonstrates a
heterogeneously enhancing tumor within the medulla. (B) Coronal image demonstrates
the location within the medulla. (C) Axial T2-weighted MRI demonstrates the intrinsic
medullary location.
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almost no infiltrative capacity and as a conse-
guence their growth is limited rostrally by the
decussating white matter tracts of the corticos-
pinal tract and medial lemniscus which act asa
barrier for further rostral growth. Tumorswhich
arise within the medulla are confined by the
decussating fibers and expand within the me-
dulla, pushing the motor tracts and nuclei pe-
ripherally. Only high grade tumorswith aninfil-
trative capacity grow rostrally into the brainstem.
As aresult, these low grade tumors may appear
exophytic and displace the medulla rostrally,
whilethe upper cervical cord appears expanded.

DIAGNOSIS AND MANAGEMENT

Theclinical history and presentation are impor-
tant in the establishment of the tumor histology
and overall prognosis. A careful history is ob-
tained from both the child and parents. This is
important since, often subtle changes may go
unreported if both individuals are not inter-
viewed. For example, old pictures may be nec-
essary to date the onset of cranial neuropathies.
Declining school performance, especially related
to visual disturbances or symptoms of hydro-
cephalus, may be the only presenting signs. A
detailed history should include previous upper
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Ficure 3: Dorsal
exophytic glioma.
T1-weighted sagittal
MRI of an exophytic

tumor within the
fourth ventricle.

respiratory tract infections, pneumonia, or
changes in voice (3). The time to diagnosis (or
length of prodrome) isan indication of the tumor
histology.

Malignant lesions invariably have a rap-
idly progressive course. Children with diffuse
brainstem gliomaswill often present acutely with
multiple cranial nerve signs, ataxia, long tract
signs, and cerebellar signs. Diffuse gliomas are
unfortunately the most common brainstem le-
sion, and regrettably, this tumor portends the
worst prognosis among the brainstem gliomas.
Most children die within 18 months from diag-
nosis, similar to the clinical course for glioblas-
toma multiforme (6, 43). Thereis no role for
radical surgery or biopsy since stereotactic bi-
opsy does not change the management strategy
(7). A biopsy should be reserved for indetermi-
nate lesions on MRI accompanied with an unu-
sual presentation or when mandated by a study
protocol. Diffuse brainstem tumors, which are
associated with neurofibromatosis need further
investigation, because they tend to have amore
favorable prognosis. These NF-1 brainstem
tumors typically have an indolent course, remi-
niscent of their astrocytic counterparts in the
hypothal amic/optic chiasm region (46, 51). Care-
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ful clinical examination for the stigmata of neu-
rofibromatosisand family history should helpin
theidentification of theselesions. Magnetic reso-
nance spectroscopy has also been shown to be
useful in distinguishing diffuse lesionsin NF-1
patients (19). Radiation and/or chemotherapy are
the current mainstay of treatment for diffuse
brainstem gliomas (9).

In contrast, focal tumorsare generally low-
grade gliomas, and have a longer prodrome
(months to years) before diagnosis when com-
pared to the shorter period (weeks to months)
for diffuse gliomas. The location of the focal
tumor along the brainstem axis influences the
clinical presentation. In general, upper brainstem
tumorstend to present with hydrocephal us, ocu-
lomotor dysfunction and/or cerebellar findings,
whereas lower brainstem tumors present with
lower cranial nerve deficits and long tract find-
ings.

Midbrain gliomas of the tectum behave as
very low-gradelesions (16). Focal tumorsof the
tectum (tectal gliomas) begin to cause signifi-
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cant neurological symptoms when they enlarge
and compress the agueduct of Sylvius thereby
producing obstructive hydrocephalus. Tegmen-
tal tumors can present with hydrocephalus and
oculomotor paresis with or without associated
long-tract findings. Focal pontine gliomas gen-
eraly haveapoorer prognosiswhilefocal tumors
of the medullaare intermediate. Pontine lesions
cause facial paresis, hearing loss or long-tract
findings. Concern should be raised when achild
presents with a localized focal non-enhancing
tumor with rapid progression in symptoms.
Atypical tumors which present at a very young
age and with leptomeningeal dissemination may
represent primitive neuroectodermal tumor
(PNET) (63). An excision biopsy should be con-
sidered in thissituation since treatment protocols
for PNETs differ from those for brainstem glio-
mas.

Tumors of the medulla present with lower
crania nervedeficits, which manifest aschanges
in voice, swallowing difficulty or pneumonia
due to micro-aspirations. Although these focal

Ficure 4: Cervicomedullary glioma. (A) Sagittal T1-weighted MRI scan demonstrates

the extent of atypical cervicomedullary tumor. (B) Sagittal T2-weighted MRI confirms
the extent of tumor
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lesions are not infiltrative, they can carry ahigh
surgical morbidity (4). Preoperative medullary
dysfunction warns of postoperative complica-
tions specifically in patients demonstrating fre-
guent preoperative upper respiratory tract infec-
tions, preoperative pneumonia or ateration in
voice (3).

Dorsally exophytic tumors may be re-
garded asatype of focal tumor. Thereisusually
aprotracted yet progressive clinical coursewith
symptoms due to either direct compression of
the underlying brainstem or to raised intracra-
nial pressure from obstruction of CSF pathways.
Young children may present with failuretothrive
due to intractable vomiting. Older children may
exhibit headache and ataxia. Papilledema and
torticollis are common presenting signs, result-
ing from increased intracranial pressure and
chronic tonsillar herniation. The majority of
dorsally exophytic tumors can be managed suc-
cessfully with subtotal resection, and if neces-
sary, CSF diversion (Table 2) (49).

Cervicomedullary brainstem gliomas are
also associated with anindolent course. The pres-
entation of these tumors is dependent on the
epicenter of the lesion. Two presenting syn-
dromes, amedullary and cervical cord syndrome,
have been described. M edullary dysfunction may
manifest asfailureto thrive due to nausea, vom-
iting, or dysphagia, upper respiratory tract infec-
tion, dysarthria, and sleep apnea. The cervical
cord dysfunction will manifest as chronic neck
pain and progressive cervical myelopathy with
weakness and spasticity. Good long-term out-
comes have been achieved with radical resec-
tion (Table 3) (12, 26, 53, 61).

OUR SERIES OF BRAINSTEM TUMORS

We retrospectively reviewed our tumor database
from 1996 to 2001 for brainstem tumors treated
at our center. We treated 135 children with
brainstem tumors. There were 85 benign (tectal,
focal, dorsal exophytic, and/or cervicomedullary
tumors) and 50 malignant tumors. The malig-
nant tumorsincluded 41 diffuse pontine gliomas
and 9 tumors which had an equivocal diagnosis
on imaging studies. These 9 patients underwent
suboccipita craniotomies for radical removal of
thetumor. Thehistology of thesechildrenislisted
in Table 4. The overall mean survival for this
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group of children with diffuse tumorswas 12.1
months. This is comparable to previous reports
concerning diffuse gliomas treated with various
radiotherapy and chemotherapy protocols.

The benign tumors were distributed
throughout the brainstem, but the mgjority of
tumors were located in the medulla (Table 5).
There were 20 children with tectal gliomaswho
were treated with endoscopic third ventricul os-
tomy. The remaining patients underwent surgery
for radical removal of their tumor. The predomi-
nant histology in this group was low-grade as-
trocytomaor gangliogliomawhich accounted for
54%. A malignant, anaplastic astrocytoma or
glioblastoma, histology was found in only 12%
of cases.

SURGICAL TREATMENT

Careful patient selection is one of the underly-
ing principles behind successful brainstem tumor
surgery. The categorization of brainstem tumors
has helped to predict growth patterns and iden-
tify surgically treatable lesions. Surgery for dif-
fusebrainstem gliomasisgenerally not indicated.
This section will address open surgical treatment
of foca, dorsally exophytic and cervicomedullary
tumors. Certain focd lesions, particularly tectal
gliomas, have an indolent natural history, and
do not generally require open surgical manage-
ment. Tectal gliomas are managed by treatment
of symptomatic obstructive hydrocephalus us-
ing endoscopic third ventriculostomy or shunt-
ing. The advantages of endoscopic third ventricu-
lostomy include avoidance of an implant device
and potential for aminimally invasive biopsy of
the tumor mass.

General considerations

We have favored early surgery as a first
line intervention, particularly before significant
progression of symptoms and before other treat-
ments such asradiotherapy or chemotherapy are
administered. The goal of surgery isto decrease
the tumor burden without incurring significant
neurological complications; this goal can often
be accomplished without gross total resection,
however thereis significant risk of morbidity.

Intraoperative neurophysiological map-
ping and monitoring is recommended for all
brainstem cases (24, 47). While MRI may pro-
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TABLE 2
Summary of Reported Dorsal Exophytic Brainstem Tumors
Author Patients Histolo Surger Adjuvant Outcome Progression
9y gery Therapy 9
Pollack, 1993 | 18 16 LGA Gradel or Il Near total | 2 patients | 17 aive 4 patients
1 Astrocytoma Grade 111 (median, 113 months)
1 Gangliogioma
Khatib, 1994 |12 11 JPA 6 near total |2 11 dlive 3
1LGA 6 subtotal (median, 26 months)
Fischbein, 10 N/A N/A N/A 7 dive N/A
1996 (mean, 35 months)
TABLE 3
Summary of Reported Cervicomedullary Tumors
. . Adjuvant .
Author | Patients Histology Surgery Therapy Outcome Progression

11 LGA Gradel or Il
Epstein, 20 4 astrocytoma Grade |11 16 dive 4/4 of high grade tumors

1987 3 ganglioglioma N/A 4 patients (median, 24 months 1/16 of low grade tumors
2 ependymoma
10 LGA .
Robertson, L 15 dive
1994 17 6 gang|_ ioglioma 15 subtotal 2 (median, 48 months) 1/16 of low grade tumors
1 mixed astrocytoma
Robertson, 3 JPA .
1994 4 1 ependyrmoma N/A N/A N/A 6 patients
15 LGA
9 ependymoma 12 gross total
Welner, 39 7 ganglioglioma 7 near total one 39 adlive 3/4 of high grade tumors
1997 3JPA 15 subtotal (mean, 48 months) 12/35 of low grade tumors

3 anaplastic astrocytoma | 5 partial
2 mixed glioma

Near total >90% resection, subtotal >50% but <90%, partial <50%.
LGA, low grade astrocytoma; JPA, juvenile pilocytic astrocytoma

TABLE 4 TaBLE S

Low Grade Tumors of the Brainstem Treated at

Malignant Tumors of the Brainstem Treated at
Beth Israel Medical Center 1996-2001

Beth Israel Medical Center 1996-2001
(Including diffuse pontine gliomas)

POnS M '|'Idb;|am
Diffuse Portine Glioma 41 FeCt 20
X ocal 16
Glioblastoma 4
Anaplastic Astrocytoma 2 Pons (focal) 7
PNET 1
M edulla
M edulla Foca : Y
Anaplastic Ependymorma 1 Dorsal exophytic 12
Anaplastic Astrocytoma L Cervicomedullary | 16
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vide accurate localization of the tumor, it does
not provide information regarding the function
of surrounding normal tissues. Although safe
entry zones (suprafacial /infrafacial triangles,
intercollicular midline incision) have been de-
scribed, intrinsic tumors of the brainstem often
distort the normal anatomy, and thus obscuring
normal landmarks (47). Neurophysiological
mapping overcomes this limitation by identify-
ing displaced structures, and thus avoiding
brainstem injury. In addition, continuous moni-
toring of standard evoked potentials (motor and
sensory), and crania nervereflex circuitscan be
used to give real time feedback as to the integ-
rity of the brainstem during tumor resection (24).
Specia microsurgical equipment, which
have greatly enhanced the operative technique,
include the operating microscope, plated bayo-
nets forceps (29), Nd:YAG contact laser (38),
and the Cavitron ultrasonic aspirator (CUSA)
(22, 37). The current CUSA modelsare equipped
with smaller handsetsthat allow them to be safely
used in the confined limits of brainstem. The
contact Nd: YAG laser provides precision cutting
coupled with coagulation of adjacent tissuesdue
to the laser’s affinity for hemoglobin. It can be
used for tumor resection with minimal injury to
the surrounding brainstem cranial nerve nuclei.
Surgical approaches to the brainstem are pre-
dominantly through the posterior fossa. The
prone position provides excellent exposure of the
entire brainstem except for upper midbrain
tumors. Some surgeons prefer the sitting posi-
tion (18), however the prone position reduces
the risk of venous air embolism and
pneumocephal us. In addition, the prone position
provides a surgical field that is readily accessi-
ble to both the surgeon and assistant. The sur-
geon’sarmsare not el evated throughout the case
and thereislessgeneral fatigue. Proper position-
ing, especially with regard to neck flexion and
shoulder placement is important for adequate
visualization of the anticipated lesion. Thereare
many different skull base approaches available
depending on the location of the tumor.

Midbrain

Although most tumorsof the upper midbrain are
managed conservatively with CSF diversion,
some tumors in this area progress and require
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open surgery. The dorsal midbrain can be ex-
posed by the infratentorial-supracerebellar ap-
proach first described by Krause and then popu-
larized by Stein (56). A craniotomy is fashioned
to incorporate the transverse sinus. The cerebel -
lum and vermis may then be retracted caudally
to exposethe dorsal aspect of the mesencephalon.
This approach allows direct access to the mid-
brain without intervening brain tissue (11). The
deep venousdrainage system, including thevein
of Galen and internal cerebral veins, are gener-
ally above the surgical field and thus easily
avoided. Lesions on the ventral medial aspect of
themidbrain near theinterpeduncular cistern are
reached by a standard pterional approach. Ven-
tral lateral masses of the midbrain may be
reached by a subtemporal approach and usually
involve splitting the tentorial incisura. It should
be kept in mind, however, that the subtemporal
approach hasthe disadvantage of potentially re-
quiring prolonged retraction of thetemporal lobe.

Pons

For dorsally-situated tumors of the pons or me-
dulla, a midline suboccipital craniotomy is the
most common approach in our practice. A crani-
otomy isgenerally preferred over acraniectomy
especialy in children (34). Replacement of the
boneflap provides additional protection, and al-
lows better restoration of anatomical tissue
planes, which becomes important in the unfor-
tunate patients who may require multiple resec-
tions (42). The telovelar approach provides ad-
eguate exposureto all dorsally exophytic tumors
(52). Excessive traction on the cerebellar hemi-
spheres and dissection on the vermis should be
avoided, because of the risk of cerebellar mut-
iIsm and pseudobulbar symptoms (50, 62). For
focal intrinsic tumors, the resection begins after
the floor of the fourth ventricle has been identi-
fied and mapped for safe points of entry. If dis-
tortion and discoloration of the floor areinsuffi-
cient tolocalize thetumor, ultrasound can be used
to determine where the tumor is closest to the
floor.

Tumors of the ventral lateral aspect of the
pons extending into the cerebellopontine angle
may be reached with thelateral retrosigmoid ap-
proach. The asterion, which is formed by the
lambdoid and temporal sguamous sutures, is a
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useful landmark for planning the bony removal.
The junction of the transverse and sigmoid si-
nusesisidentified, and used asaguidefor dural
opening. The tumor may be debulked with spe-
cial attention to the location of the tracts of cra-
nial nerves 5, 7 and 8, and, if involving the me-
dulla, 9 and 10.

Medulla and upper cervical spine

For intrinsic tumors of the medulla, a sub-
occipital craniotomy with removal of the dorsal
lateral bony rim of the foramen magnum en-
hances the exposure of the bulging medulla. A
cervical laminotomy or laminectomy is per-
formed for tumors which extend caudally into
the cervical region. Themedullaistypically dis-
placed superiorly as the tumor grows posterior
to the obex. The tumor is quite superficial here,
almost invariably subpial in location. The pos-
terior inferior cerebellar arteries, which may be
displaced, must be preserved to avoid cerebellar
or brainstem infarcts. However, superficial pia
vesselsmay betakenif obstructing theintramed-
ullary component of tumor.

Special considerations

One of the early considerations for a
brainstem focal tumor isto determine a safe en-
try point. Cysticfocal tumorsare generally easier
to treat than solid lesions, because they can be
more easily entered and their wallsinspected for
tumor nodules without having to manipulate the
surrounding tissue. Discoloration and loss of sur-
face markings may be used as rough guides in
mapping the floor of the fourth ventricle when
searching for safe entry zones. The contact |aser
Is used to perform the initial incision or
myelotomy into the brainstem. This process
eliminates the superficial feeding blood vessels
and initiates tumor retraction. What often hin-
ders complete resection is the lack of tumor de-
marcation from the surrounding brain. The neu-
rosurgeon must remember that complete resec-
tionisprohibitiveif thereisno discernible plane
between tumor and brainstem parenchyma due
to the high probability for postoperative morbid-
ity. It should also be kept in mind that a near-
total resection, with a thin residual tumor mar-
gin, isequally successful. It isimportant to mini-
mi ze retraction of surrounding neural tissue dur-
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ing the resection. The tumor is removed in a
piecemeal fashion using a combination of suc-
tion-aspiration and the CUSA. Tumor debulking
and dissection is achieved by working from the
inside-out direction. The Nd: YAG laser issome-
times helpful in removing small amounts of
tumor at the margins or in tight confines. Cau-
tery isto be avoided at the margins of the tumor
asthiswill frequently result in injury to the sur-
rounding functional tissue. Mapping of thewalls
of the resection cavity can be performed in an
attempt to define tumor margins. Tissue Speci-
mens are always sent early for frozen section
analysis. If thelesionisidentified asahigh-grade
tumor, then the operation is generally curtailed,
because there has been no proven long-term ben-
efit to surgical debulking of these aggressive le-
sions.

Dorsally exophytic tumors were the first
type of brainstem gliomasto beroutinely treated
with radical surgery (30, 41, 49). Most of the
dissection and removal is accomplished outside
of the brainstem since these tumors are predomi-
nantly localized in the fourth ventricle. These
tumors are approached via a standard midline
suboccipital approach. One of the most impor-
tant aspects of the caseisto progressively debulk
the tumor while keeping the floor of the fourth
ventricle in view as it is important not to enter
the brainstem parenchyma. Cranial nerves6 & 7
are especialy susceptibleto injury becausetheir
nuclei and/or tracks are close to the dorsal sur-
face of the stem and the floor of the 4th ventri-
cle. The area immediate around the obex and
calamus scriptorius should be avoided, because
of possible injury to cranial nuclei for 10 & 12.
When these structures are injured, patients de-
velop impaired swallowing, loss of cough reflex,
and dysphonia. A subtotal resection with preser-
vation of neurological functionisthe goal of the
surgery.

Patientswith cervicomedullary tumorsalso
benefit from radical surgical treatment (12, 26,
53, 61). A midline suboccipital craniotomy and
cervical laminectomies providethe necessary ex-
posures. Excessive removal of cervical lamina
is avoided to prevent the devel opment of spinal
deformity. Osteoplastic laminectomy is consid-
ered if amultilevel cervical laminectomy isre-
quired (2). Although this technique may not al-
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ways prevent deformity, there is re-ossification
of the bony segments which can avoid the cos-
metic deformity frequently seen with multilevel
laminectomies. The location of the tumor and
any associated cystsis confirmed with the ultra-
sound. A midline myelotomy is performed with
the Nd:YAG laser in order to avoid injury to the
posterior columns. The myelotomy is first di-
rected over any associated rostral or caudal cyst,
and then extended over the solid part of the
tumor. Identification of the dorsal root entry
zoneshilaterally isnecessary to properly find the
midline. This can be done visually or with map-
ping of the dorsal surface to establish the mid-
line between the two dorsal columns (24). The
tumor’sdorsal surfaceisexposed, and thetumor
entered with apiecemeal removal from the center
outwards performed. This is done using the
CUSA, laser, and bipolar cautery with the same
techniques described earlier for intrinsic focal
brainstem tumors. Meticulous care in the clo-
sureisimportant for the avoidance of aCSF leak,
a complication not uncommon when operating
on these tumors.

Potential complications

Clinically, the patient’ s preoperative symp-
toms may be transiently or permanently wors-
ened after surgery. For that reason special care
needs to be taken during the postoperative pe-
riod (60).

If a significant amount of the medullais
involved with tumor, the patient isleft intubated
for at least 48 to 72 hours after surgery. Thisis
critically important for any patient with evidence
of dysfunctioninlower cranial nerves. Impaired
central respiratory function may result in carbon
dioxide retention and progressive hypoxialead-
ing to respiratory arrest and further neurol ogical
injury which is usually permanent (4). The pa-
tient isweaned from the ventilator after 24 con-
secutive hours of stable respiratory drive.

Cranial nerve deficitsare variable and de-
pendent on the surgical approach. Surgery within
the pons can result in transient diplopia due to
Internuclear ophthalmoplegia. Thiscomplication
Is often transient and improves. For persistent
diplopia, ophthalmologic treatment with special
eyeglass prisms may be necessary. Facial palsy
can be devastating not only cosmetically but also
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functionally with regard to corneal injury. Sev-
eral plastic surgical procedures have been de-
veloped to restorefacial tone and protect the eye
from corneal abrasions and keratitis (54). Dam-
ageto the lower cranial nerves (9-12) can result
in severe dysphagia, vocal cord paraysis, and
loss of gag and cough reflexes. Asaresult, these
patients are at risk for subclinical micro-aspira
tions, which may lead to recurrent and debilitat-
ing pneumonia. Formal swallowing evaluations
are performed for all patients with questionable
function before advancement of diet. Because
of these latter risks we have learned to be ag-
gressive in employing tracheostomy and feed-
ing gastrostomy in thefirst several months after
surgery when thereis swallowing dysfunction.

ONCOLOGIC OUTCOME

Although a neuro-oncologist coordinates the
adjuvant care for al patients, the neurosurgeon
should be aware of the protocols for brainstem
gliomas. Radiation therapy has provided only
marginal gainsin the overall prognosis for dif-
fuse high-grade tumors. Standard irradiation
treatment combined with new chemotherapy
protocols have had some mixed results (Table
6) (15, 20, 31, 32, 39, 40, 59). These issues are
reviewed elsewhere (9). There are new therapeu-
tic options under current investigation includ-
ing convection-enhanced delivery (44, 55), ra-
dio-sensitizing agents, hyperbaric and intersti-
tial radiotherapy.

There have been minimal improvements
in long-term survival of low grade brainstem
gliomas directly attributed to adjuvant therapy.
Given the significant advancesin surgical man-
agement of brainstem lesions and decrease in
surgical morbidity, second surgery has become
aviable option (17). Indications for the second
surgery have included: (1) delayed, recurrent
growth in either the solid or cystic component
of the tumor resulting in new symptoms or (2)
re-exploration after the initial resection was
halted prematurely dueto transient intraoperative
injury confirmed by monitoring. The goa of
thesere-operationsisidentical to that of thefirst
operation; i.e., sufficient debulking of the tumor
SO as to lessen symptoms without causing pro-
gression in neurologic deficits.
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Brainstem Glioma

MRI of brain & spine
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Midbrain Pons or Medulla Cervicomedullary
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gg surgical removal chemotherapy
unt

*

Ficure 5. Surgical management algorithm for brainstem tumorsin children

NF-1 = neurofibromatosis 1

TABLE 6

Chemotherapy and Radiotherapy Protocols for the Treatment of Diffuse Pontine Gliomas

Chemotherapy Radiotherapy Patients Outcome
5-FU, CCNU, HDU, Misoridazole |55 Gy 28 MST 44 weeks
COPP 56 Gy 7 Progression at 4 months
VCR, CCNU, Prednisone 50-60 G 3SRT MST 9 months both arms
’ ' y 39 RT + Chemo
VP-16, Trofosfamide 54 Gy 18 PFS 179 days
Carboplatin, VP-16 70.2 Gy 9 8/9 died at 44 weeks

MST, mean survival time; PFS, progression-free surviva
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CoNcLUSsION

Brainstem gliomas are a heterogenous group of
tumors, which may be diffuse, focal, dorsaly
exophytic, or cervicomedullary. These classifi-
cation schemes help in predicting growth pat-
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COMMENTS

Theauthorshave provided auseful review article
on the current approachesto brainstem gliomas.
Based on afive year review of their experience
with these lesionsthey have proposed a surgical
algorithm of management. This distinguishes
between inoperabl e tumours and those amenable
to surgery. Thearticle provideshelpful guidelines
to differentiate these tumours based on the
clinical history and radiological findings. The
related literature review is comprehensive, up-
to-date and correlates with the text.

Bruce Mathew
Hull Royal Infirmary
Hull, UK

| read this article with deep interest. Thereisno
new knowledge however, this is an excellent
review and retains enough information for the
practioners to appreciate.

Diffusely involved tumors in the brainstem are
biologically malignant and not amenable to
surgical resection. The surgery hasnoroleinthe
treatment except for CSF diversion surgery for
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associated obstructive hydrocephalus. Radiation
and chemotherapy are the current mainstay of
treatment, however the results of these adjunctive
treatment are disappointing, and do not improve
the long term prognosis.

Surgery can be of help when the tumor isfocal,
exophytic or preferably localized in the
cervicomedullary junctional area. Although it
seems to be that there are some benefits from
surgery, yet it poses some concern due to an
unacceptabl e postoperative morbidity and or the
risk of the long term neurological deficits.

The statistics show that regardless of different
modes of treatment morethan 80% of the patients
will succumb within 2 years of diagnosis.

Authorsillustrated their wide experiencesin 135
cases of brain stem tumors. The perioperative
consideration and surgical techniques are
elegantly described. The authors are to be
congratulated for this excellent review article.

Yoon SHahn
University of Illionoisat Chicago
Chicago, US
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