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Abstract Objects: Cerebral peduncle
tumors are rare in childhood but often
consist of benign astrocytomas. Sur-
gical resection, however, is consid-
ered to be detrimental because of the
highly sensitive neural structures.
These tumors are often treated by ra-
diation therapy (RT). We resected
such tumors in seven patients, whom
we then followed up without adjuvant
therapy. The surgical approach and
postoperative course are analyzed.
Methods: Seven children, ranging in
age from 4 to 16 years, were treated
from 1993 to 2000. Tumors showed
extension in various directions to the
thalamus, pons and neighboring cis-
terns. All were treated by surgical re-
section through a subtemporal ap-
proach: total resection was achieved
in three and subtotal resection in four.
Operative complications were mini-

mal. Two patients were worse after
surgery, albeit temporarily, in motor,
oculomotor or memory functions. All
the tumors were benign astrocytomas.
None of the patients received postop-
erative RT. Only one patient had a re-
currence during the follow-up period,
which ranged from 1 year to 8.5 years
in duration. Conclusions: Benign as-
trocytomas of the cerebral peduncle
are amenable to radical tumor resec-
tion by an appropriate surgical ap-
proach and with microsurgical tech-
niques. Even following subtotal re-
section, these tumors frequently re-
main stable or involute. These chil-
dren can be spared RT.
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Introduction

Tumors of the brain stem are relatively common, ac-
counting for approximately 10–15% of all brain tumors in
children younger than 15 years. Anatomically, they affect
the pons, midbrain and medulla oblongata. The tendency
for pontine tumors tend to be malignant while tumors of
the midbrain and medulla oblongata origin tend to be be-
nign has been well described in the literature [5, 6, 10,
20, 24, 26, 27]. With the purpose of providing a guide for
therapeutic strategy, some workers classify tumors of the
brain stem not only by their anatomical location but also
by their nature: diffuse, cervicomedullary, and focal [5, 6,
22, 24]. A diffuse neoplasm is poorly circumscribed and
often occurs in the pons. Cervicomedullary tumors in-

volve the caudal medulla oblongata and the rostral seg-
ment of the spinal cord. A focal neoplasm is a well-cir-
cumscribed mass, with or without associated edema. The
prognosis is worse in children who present with rapid
loss of neurological function including dysfunctions of
multiple cranial nerves and of the cerebellum and pyrami-
dal tract [2, 3, 7]. Only a few patients with clinical-radio-
logical characteristics of this type survive for longer than
2 years after diagnosis [2, 3, 22]. Conversely, 6-year sur-
vival rates of 20–60% have been reported for those pa-
tients who present without these characteristics [3, 14].

The treatment of these brain stem lesions remains con-
troversial. The clinical management reported in the litera-
ture varies widely, because it is complicated by the diver-
sity of anatomical locations and tumor subtypes [24]. Ax-
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ial neoplasms involving the midline structures in children
can rarely be totally excised [11]. The usual surgical pro-
cedure performed in the past was a stereotactic or open
biopsy, because any extensive removal of the tumor exist-
ing in the vital structure was highly detrimental [1, 2].
Some authors suggest that surgery would be indicated if
the tumor exhibited exophytic growth or had a major cys-
tic component [5, 10, 27]. However, other series suggest
that well-limited solid intrinsic tumors are accessible for
a total excision and the authors mention that surgery must
be considered for all midbrain low-grade astrocytomas in
children [10, 11, 18]. In different series, it has been dem-
onstrated that extensive resection of low-grade brain stem
gliomas can be attained with low morbidity and without
mortality; major debulking is associated with an excellent
long-term prognosis [3, 11, 26].

Most patients have been treated with combined surgery,
radiotherapy (RT), and chemotherapy [7, 13]. However,
RT does not always prevent tumor recurrence, and some-
times it is associated with the development of secondary
malignancy in the radiation field, and also with intellectual
and behavior disturbances [11]. For these reasons, RT must
be reserved for the cases with tumor malignancy and rapid
tumor recurrence, or for older children [11].

The availability of the operating microscope, the ul-
trasonic surgical aspirator, evoked potentials, and the la-
ser has led to more aggressive and safer surgery [1]. To-
gether with improvements in neuroimaging and surgical
techniques, all this has made extensive resection of brain
stem gliomas, previously thought to be non-surgical,
possible in selected cases [1, 5, 6, 18, 26, 27].

Midbrain gliomas can be classified into three groups
according to their location [20, 27]: tectal region, aque-
ductal region, and tegmental region. However, it is not
uncommon for a tumor to involve more than one region
at the same time. Vanderport et al. have identified anoth-
er distinct subgroup of focal tumors, the “focal midbrain
astrocytomas group,” which appear to present with a be-
nign biological course: all tumors in this group are low-
grade astrocytomas amenable to surgical resection with
no mortality and minimal morbidity and are associated
with an excellent long-term prognosis [26].

Patients with a focal midbrain tumor frequently ex-
hibit both signs and symptoms of raised intracranial
pressure caused by obstructive hydrocephalus, and neu-
rological signs caused by pressure on the cerebral pedun-
cles [18, 26, 27]. Vanderport et al. point out that 50% of
focal astrocytomas of the midbrain occur in the tectum,
producing obstructive hydrocephalus, while the other
50% occur in the tegmentum, causing long tract signs
through compression of the cerebral peduncles and ocu-
lomotor nerve palsy through pressure on the nuclei. In
children, midline astrocytomas tend to be histologically
benign [11, 18, 24]. Focal gliomas involving the tectum
or tegmentum have a better prognosis than diffuse tu-
mors in the midbrain [8, 26].

Tectal tumors often present with a protracted course,
and often do not show any growth in size [4, 17, 21].
Also, they rarely cause symptoms except for those of hy-
drocephalus. For these reasons, numerous reports indicate
that these tumors should be observed without oncological
treatment, but that the associated hydrocephalus needs to
be treated. On the other hand, patients with tumors of the
cerebral peduncle present with progressive neurological
deficits, notably hemiparesis, and do need to be treated to
prevent or reverse neurological symptoms.

In this communication, we present seven cases of ce-
rebral peduncular astrocytomas in children who under-
went radical tumor resection. Except for one patients
who had previously received gamma knife irradiation,
none received postoperative RT, as it was our intention
to identify the natural history of these tumors without ad-
juvant therapy following aggressive tumor resection.

Clinical summaries

Cases classified as primary tumor of the cerebral peduncle were
included in the study. The epicenter of the tumor was in the cere-
bral peduncle with frequent direct extension towards the pons cau-
dally and/or the thalamus rostrally. These neighboring structures
were displaced but not infiltrated. Also, they often extended to the
neighboring cisterns. They can displace the temporal lobe further
laterally or extend into the cerebellopontine angle caudally. Dur-
ing the period between 1993 and 2000, seven children with cere-
bral peduncle tumor were diagnosed and treated at the Children’s
Memorial Hospital in Chicago, Illinois.

Clinical presentation

Table 1 shows the clinical presentations of the seven children with
cerebral peduncle tumors. There were four girls and three boys.
Their ages at diagnosis ranged from 4 years to 16 years, with a
mean age of 10.4 years. The location of the tumor was the left cere-
bral peduncle in five and the right cerebral peduncle in two. All pa-
tients presented with contralateral hemiparesis, which was slowly
progressive over periods of time ranging from 4 months to 6 years
except in one patient (case 3) who presented with acute onset of
hemiparesis and seizure due to an intratumoral hemorrhage. Other
neurological deficits were contralateral hypesthesia in one (case 6),
partial oculomotor nerve palsy in three (cases 2, 3, and 5), and
hemianopia in one (case 7). Patient 1 had congenital deafness in the
ear of the contralateral side, which was considered to be unrelated to
the tumor. Four patients had hydrocephalus (cases 2, 4, 6, and 7).

All patients underwent computed tomography (CT) and mag-
netic resonance imaging (MRI) studies. Tumor sizes ranged from
2×3 cm to 5×6 cm. Three tumors were solid. Two patients had a
mural tumor with a non-enhancing cyst wall. One showed a mix-
ture of solid and cystic components, and another was primarily
cystic with contrast-enhancing wall. All solid components of the
tumor enhanced following intravenous contrast infusion. Exophyt-
ic tumor and cyst extended in various directions deep into the co-
rona radiata, brain stem and/or cerebellopontine angle (Fig. 1).

Treatment

All patients underwent surgical treatment and radical tumor resec-
tion using a microsurgical technique. In cases with associated hy-
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drocephalus, an intraoperative ventriculostomy was made in the
frontal horn of the ipsilateral lateral ventricle in order to attain
brain decompression, except in one patient (case 2) who had an
existing ventriculoperitoneal (VP) shunt. In patient 4, who had
large cystic expansion toward the thalamus and the corona radiata,
the cyst was first drained through an Ommaya reservoir and
6 weeks later the tumor was excised after significant reduction of
cyst size and shrinkage of the tumor and its localization in the re-
gion of the cerebral peduncle.

In all patients, a subtemporal transtentorial approach through an
ipsilateral temporal craniotomy was used for tumor resection. Except
in cases 1 and 2, part of the fusiform and/or parahippocampal gyrus
was partially resected when the temporal lobe was lifted in order to

access the rostral portion of the tumor. In case 5, the temporal horn of
the lateral ventricle was entered and a partial resection of the parahip-
pocampal gyrus and hippothalamus was performed because of severe
rostral extension of the tumor. In case 7, where similar rostral tumor
extension was noted, the resection was aided by the use of a dental
mirror to visualize and remove the rostral portion of the tumor.

The cerebral peduncle tumors in this series appeared to be rela-
tively well demarcated, and in all patients gross tumor resection
was considered to have been achieved by microsurgical techniques
and operative ultrasound aspirator (Fig. 2). Based upon postopera-
tive neuroimagings the extent of surgical resection was classified
as total or subtotal (subtotal means the size of the residual was less
than 10% of the original tumor size). Three patients had gross to-
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Table 1 Clinical summary of seven children with cerebral peduncle astrocytoma (CPA cerebellopontine angle)

Case Age Presentations Location Extension Nature Resection Outcome Present 
(years)/sex status

1 7/male Right Left Pons/CPA Solid Subtotal Recurrence 8.5 years 
hemiparesis, 6 years, (alive), 
right 7 years stable disease
deafness

2 8/male Right Left Thalamus/ Mixed Subtotal Involution 5 years 
hemiparesis, pons (alive), 
left no evidence 
oculomotor of disease

3 13/female Left Right Ambient Solid/ Total No 12 months 
hemiplegia, cistern hemorrhage recurrence (alive), 
right no evidence 
oculomotor of disease

4 16/female Left Right Thalamus/ Cystic Total No 2.5 years 
hemiparesis corona recurrence (alive), 

radiata no evidence 
of disease

5 7/male Right Left Thalamus/ Mural tumor Subtotal Involution 3 years 
hemiparesis, ambient, with cyst (alive), 
left crural, stable disease
oculomotor CPA cistern

6 13/male Left Left Thalamus/ Solid Subtotal Involution 3 years 
hemiparesis, pons, (alive), 
left crural cistern no evidence 
hypesthesia of disease

7 4/female Right Left Thalamus/ Mural tumor Total No recurrence 4 years 
hemiparesis, pons/temporal with cyst (alive), 
right lobe/ no evidence 
hemianopia CPA cistern of disease

Fig. 1 Axial MRI of Case 1
showing cerebral peduncle as-
trocytoma with exophytic ex-
tension to the pons and cerebel-
lopontine angle



tal resection and four had subtotal resection. Hydrocephalus was
resolved following tumor resection and did not require CSF diver-
sion shunt, except in patient 2, who had a pre-existing VP shunt.

Results

Tumor pathology showed juvenile pilocytic astrocytoma in six
cases and gemistocytic astrocytoma in one (case 4). All were con-
sidered to be benign astrocytomas.

Following tumor resection, neurological evaluation showed
improvement in three and no change in other two. The two re-

maining patients were worse postoperatively. Patient 5 had a
short-term memory dysfunction and IIIrd cranial nerve deficit af-
ter surgery. The memory dysfunction was related to an injury to
the left hippocampus. However, the memory deficits resolved in
3 months with speech therapy, though the patient had persistent
partial oculomotor palsy, as noted preoperatively. In case 7, the
hemiparesis worsened during the immediate postoperative period,
but subsequently improved following physical therapy.

None of the patients received postoperative adjuvant therapy.
Over the follow-up period ranging from 1 to 8.5 years, only one
patient (case 1) had tumor recurrence. In case 1, two recurrences
were noted during the follow-up period: the first time 6 years after
the first surgery and the second time in the following year. On
both occasions, subtotal resection of the recurrent tumors was per-
formed through the same subtemporal approach. The residual tu-
mor following the last surgery has remained stable in size during
the ensuing 28 months. In case 2, as an initial treatment, a stereo-
tactic biopsy and VP shunt placement was followed by gamma
knife irradiation. However, 3 years later the patient presented with
cystic tumor recurrence and underwent placement of an Ommaya
reservoir into the cyst. However, he then showed worsening of his
hemiparesis and developed oculomotor palsy due to progressive
growth of the recurrent tumor. He underwent subtotal resection of
the recurrence through a subtemporal approach. After surgery,
clinical improvement was noted, with total resolution of his hemi-
paresis and oculomotor palsy. Also, spontaneous involution of the
small residual tumor was noted on serial MRI studies. Similar in-
volution was noted in cases 5 and 6 following subtotal tumor re-
section (Fig. 3). Patients in cases 3, 4, and 7, following a gross to-
tal resection, have remained free of recurrence for 1–4 years.

Discussion

The midbrain is located between the pons and the thala-
mus and consists of the tectum and the cerebral pedun-
cle. The smaller part of the midbrain posterior to the aq-
ueduct is the tectum, which consists of the quadrigemi-
nal plate. The anterior, larger, part, which is partly subdi-
vided into two halves, is the cerebral peduncle. Each ce-
rebral peduncle consists of the crus cerebri anteriorly, the
tegmentum posteriorly and the substantia nigra between
them. Just superolateral to the cerebral peduncle are the
medial and lateral geniculate bodies laterally. The thala-
mus and the internal capsule lie rostral to the cerebral
peduncle. Inferior to the cerebral peduncle is the pons.
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Fig. 2A–D Contrast-enhanced A axial and B coronal MRIs in
case 7. Note massive extension of the tumor toward the thalamus
superiorly, the temporal lobe laterally, and the pons and cerebello-
pontine angle in the posterior fossa. A dorsal extramural cyst fur-
ther extends to the corona radiata. Postoperative contrast-en-
hanced C axial and D coronal MRIs show a total resolution of the
benign astrocytoma of cerebral peduncle origin

Fig. 3 A Axial T2-weighted
axial MRI of case 5, showing a
cerebral peduncle astrocytoma.
This tumor extended further to
the thalamus rostrally and to
the pons caudally. B MRI
2 months after surgery shows a
residual tumor in the cerebral
peduncle. C MRI 9 months af-
ter surgery shows spontaneous
involution of the tumor



The optic tract runs over the crus cerebri, crossing its
junction with the internal capsule, close to the choroidal
fissure.

The midbrain is a small structure, and tumors occur-
ring in it can extend beyond its anatomical boundaries.
Some may extend in an exophytic fashion to the sur-
rounding cisterns, the crural and ambient cisterns lateral-
ly, the suprasellar cistern anteriorly and the cerebello-
pontine cistern inferiorly. Also, cysts can extend in vari-
ous directions either into the surrounding brain substance
or the cisterns. Because of anatomical proximity, the tu-
mor origin is often vague, particularly in cases of large
cerebral peduncle tumor extending in various directions.
In the seven cases presented here, we considered the ce-
rebral peduncle tumors not only as seen on preoperative
neuroimagings but also in light of intraoperative findings
and postoperative neuroimaging studies. It may be diffi-
cult to differentiate a pontine tumor extending into the
cerebral peduncle from a cerebral peduncle tumor ex-
tending to the pons. The former shows enlargement of
the basis and tegmentum of the pons that displaces the
midbrain upward, and the edges of these tumors are of-
ten ill defined. The latter usually shows exophytic exten-
sion to the cerebellopontine angle, displacing a well-pre-
served pontine structure contralaterally or caudally. Fol-
lowing tumor resection, the pons with normal structural
arrangement becomes clear on postoperative MRI.

Tumors of thalamic origin can extend caudally to the
midbrain and vice versa. Earlier, it was often difficult to
distinguish a thalamic tumor from a cerebral peduncle
tumor by axial scans alone. However, three-dimensional
projections provided by MRI have made it possible to
differentiate these two different types of tumors, as the
tumor of cerebral peduncle origin has its primary growth
center in the midbrain.

Despite massive involvement of the cerebral pedun-
cle, presenting symptoms are often limited to minor con-
tralateral hemiparesis of lesser degree and signs of hy-
drocephalus. It is relatively rare for the patients to pres-
ent with ocular palsy or involuntary movements related
to the dysfunction of the midbrain tegmentum [26, 27].

The midbrain is a relatively uncommon site for brain
stem tumors. Only 10% of all brain stem tumors origi-
nate primarily in the midbrain [24, 27]. In contrast to
pontine gliomas, midbrain tumors tend to be benign. It
has been well recognized that the tectal tumors tend to
be indolent, and it is relatively rare for them to show ra-
diographic progression during prolonged observation 
periods [4, 19, 21]. The tumors affecting the cerebral pe-
duncle also show benign histological features in this se-
ries. This confirms reports of similar observations by
previous authors. The pathology of all childhood focal
midbrain tumors in both the tectal plate and the tegmen-
tum reported by Vanderport et al. revealed non-pilocytic
low-grade astrocytomas [26]. On the other hand, the se-
ries presented by Wang et al. showed that 23 of 35 (71%)

were benign astrocytomas [27]. Their series consisted of
both adult and pediatric patients: nine of ten children
16 years or younger had benign astrocytoma, while only
14 of 24 adult patients had benign astrocytoma.

The subtemporal approach used in this series provides
access to both the posterior fossa and the thalamus and
deep into the corona radiata. The temporal craniotomy is
placed as low as possible to access the middle cranial
fossa, and the craniotomy is centered at the plane of the
external auditory meatus. A currently available frameless
stereotactic device, which we used in two cases in this
series, facilitates the localization and identification of the
tumor. In order to reach the posterior fossa, section of
the tentorial edge is needed. Care should be taken to
avoid traumatizing the IVth nerve, which runs just under
the medial surface of the tentorial edge. The posterior
cerebral artery runs around the hypertrophic midbrain,
and it should be preserved carefully.

When the temporal lobe is lifted, partial removal of
the fusiform and parahippocampal gyrus minimizes re-
traction of the temporal lobe upwards and provides direct
access to the lateral portion of the midbrain. Although
the basal temporal gyrus may be associated with lan-
guage function, no clear detrimental effects of resecting
the fusiform gyrus or parahippocampal gyrus have been
noted [12, 15]. We found a dental mirror provided an ex-
cellent view of the most rostral portion of the tumor for
resection. One patient (case 5) whose tumor was resected
through the hippocampus developed transient short-term
memory loss. The optic tract is present horizontally at
the uppermost corner surface of the cerebral peduncle.
Also, the oculomotor nerve is often displaced by exo-
phytic tumors extending to the crural and suprasellar cis-
terns. These neural structures should be carefully identi-
fied and preserved. Damage to the hippocampus, particu-
larly on the dominant side, should be avoided. It is possi-
ble to use the skull base approach to the caudal pontine
lesion via the transpetrosal approach [9, 16], but we felt
it was rarely necessary for our patients.

Although the number is small and the follow-up peri-
od is limited to 1–8 years in the seven cases presented in
this series, these cases demonstrate that aggressive tumor
resection is possible with acceptable surgical morbidity
and leads to prolonged remission time. Only one patient
in this series had multiple recurrences, yet further tumor
resection of recurrences resulted in an excellent long-
term prognosis. Operative experience in the literature
has shown that surgical resection can be performed with
minimal morbidity when a distinct plane differentiates
the neoplasm from normal anatomy [5, 6]. Even incom-
plete resection seems to have a beneficial effect on pa-
tients with low-grade brain stem gliomas, since it has
been found that some gliomas can decrease in size or be-
come stable after surgery [5, 11]. It has been demonstrat-
ed that the tumor recurrence rate is lower in cases with
resection of 50% or more than in those with smaller re-
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section [5, 11]. These benign astrocytomas in the cere-
bral peduncle undergo spontaneous involution even
when total resection has not been attained. Similar spon-
taneous involution has been observed in other astrocyto-
mas involving the brain stem in children [25].

Use of RT is controversial in these cases, since it does
not necessarily prevent tumor recurrence [11]. Even
gamma knife surgery may not prevent relapse, as shown
in case 3. RT can be associated with the possibility of la-
tent sequelae: there is a risk of malignancy developing in
the radiation field among other side effects [23]. In this
study, none received RT after surgery, even when residu-
al tumor was present. However, all cases displayed a
good response to surgical resection and an acceptable
clinical evolution.

Conclusion

Most midbrain tumors in children are benign astrocyto-
mas, and they are often amenable to surgical resection
with acceptable risks. A subtemporal approach applied to
these deep-seated tumors provides effective access to
both the most rostral and the most caudal portions of the
cerebral peduncle tumors. The removal of part of the
fusiform or hippocampal gyrus prevents forcible retrac-
tion of the temporal lobe, but the hippocampus, particu-
larly of the dominant side, should be preserved. Follow-
ing total resection or even incomplete resection, these tu-
mors are often stable or may involute, so that toxic ioniz-
ing irradiation should be reserved for specific cases.

230

References

1. Albright AL, Sclabassi R (1985) Use
of the Cavitron ultrasonic surgical aspi-
rator and evoked potentials for the
treatment of thalamic and brain stem
tumors in children. Neurosurgery
17:564–568

2. Albright AL, Price RA, Guthkelch AN
(1983) Brain stem gliomas of children.
A clinicopathological study. Cancer
52:2313–2319

3. Albright AL, Guthkelch AN, Packer
RJ, Price RA, Rourke LB (1986) Prog-
nostic factors in pediatric brain-stem
gliomas. J Neurosurg 65:751–755

4. Bowers DC, Georgiades C, Aronson L,
Carson BS, Weingart JD, Wharam MD,
Melhem ER, Burger PC, Cohen KJ
(2000) Tectal gliomas: natural history
of an indolent lesion in pediatric pa-
tients. Pediatr Neurosurg 32:24–29

5. Epstein F, McClearey EL (1986) Intrin-
sic brain-stem tumors of childhood:
surgical indications. J Neurosurg
64:11–15

6. Epstein FJ, Farmer J-P (1993) Brain-
stem glioma growth patterns. J Neuro-
surg 78:408–412

7. Grisby PW, Thomas PR, Schwartz HG,
Feinberg B (1987) Irradiation of primary
thalamic and brainstem tumors in pediat-
ric population. Cancer 60:2901–2906

8. Hamilton MG (1996) Focal midbrain
glioma: long-term survival in a cohort of
16 patients and the implications for man-
agement. Can J Neurol Sci 23:204–207

9. Harsh GR IV, Sekhar LN (1992) The
subtemporal, transcavernous, anterior
transpetrosal approach to the upper
brain stem and clivus. J Neurosurg
77:709–717

10. Hoffman HJ, Becker L, Craven MA
(1980) A clinically and pathologically
distinct group of benign brainstem
gliomas. Neurosurgery 7:243–248

11. Hoffman HJ, Soloniuk DS, Humphreys
RP (1993) Management and outcome
of low-grade astrocytomas of the mid-
line in children. A retrospective review.
Neurosurgery 33:964–971

12. Hori T, Tabuchi S, Kurosaki M, Kondo
S, Takenobu A, Watanabe T (1993)
Subtemporal amygdalohippocampecto-
my for treating medically intractable
temporal lobe epilepsy. Neurosurgery
33:50–57

13. Jenkin R, Boesel C, Ertel I (1987)
Brain-stem tumors in childhood: a pro-
spective randomized trial of irradiation
with and without adjuvant CCNU,
VCR, and prednisone. J Neurosurg
66:227–233

14. Littman P, Jarret P, Bilauniuk LT
(1980) Brain-stem gliomas. Cancer
45:2787–2792

15. Luders H, Lessr RP, Hahn J, Dinner
DS, Morris H, Resor S, Harrison M
(1986) Basal temporal language are
demonstrated by electrical stimulation.
Neurology 36:505–510

16. MacDonald JD, Antonelli P, Day AL
(1998) The anterior subtemporal, medi-
al transpetrosal approach to the upper
basilar artery and poto-mesencephalic
junction. Neurosurgey 43:84–89

17. May PL, Blaser SI, Hoffman HJ, 
Humphreys RP, Harwood-Nash DC
(1991) Benign intrinsic tectal “tumors”
in children. J Neurosurg 74:867–
871

18. Pendl G, Vorkapic P, Koniyama M
(1990) Microsurgery of midbrain le-
sions. Neurosurgery 26:641–648

19. Pollack IF, Hoffman HJ, Humphreys
RP, Becker L (1994) The long-term
outcome in children with late-onset
aqueductal stenosis resulting from be-
nign intrinsic tectal tumors. J Neuro-
surg 80:681–688

20. Robertson PL, Muraszko KM, 
Brunberg JA, Axtell RA, Dauser RC,
Turrisi AT (1995) Pediatric midbrain
tumors: a benign subgroup of brain-
stem gliomas. Pediatr Neurosurg
22:65–73

21. Squires LA, Allen JC, Abbott R, 
Epstein FJ (1994) Focal tectal tumors:
management and prognosis. Neurology
44:953–956

22. Stroink AR, Hoffman HJ, Hendrick
EB, Humphreys RP (1986) Diagnosis
and management of pediatric brain-
stem gliomas. J Neurosurg 65:745–750

23. Tomita T (1992) Long term effects of
treatment for childhood brain tumors.
Neurosurg Clin North Am 3:959–971

24. Tomita T, Radkowski MA, Cheddia A
(1990) Brain stem tumors in childhood.
In: Marlin AE (ed) Concepts pediatric
neurosurgery, vol 10. Karger, Basle, 
pp 78–96

25. Tomita T, Chou P, Reyes-Mugica M
(1998) Fourth ventricle astrocytomas.
Clinicopathological analysis of 21
cases. Child’s Nerv Syst 14:537–546

26. Vanderport WP, Hoffman HJ, Drake
JM, Humphreys RP, Rutka JT, 
Armstrong DC, Becker LE (1992) Fo-
cal midbrain tumors in children. Neu-
rosurgery 31:186–194

27. Wang CH, Zhang J, Liu A, Sun B,
Zhao Y (2000) Surgical treatment of
primary midbrain gliomas. Surg Neurol
53:41–51


