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ABSTRACT

Background: Stereotactic biopsy of brainstem lesions have been performed with varying indications, with most of
the literature reporting on children. Materials and Methods: The present study retrospectively analyzed all cases
that underwent stereotactic biopsy for brainstem lesion in both adult and pediatric population between 1994 and
2009 in a single tertiary neurosurgical center. The clinical and radiological features, technique of the procedure,
morbidity, diagnostic accuracy, spectrum of diagnosis, and variations in adult and pediatric population were analyzed.
Results: Eighty-two patients were included in the study. Computed tomography (CT) was used as guidance in
73 (38 children and 35 adults) patients and magnetic resonance imaging (MRI) in g (3 children and 6 adults). The
biopsy was performed in a procedure room under local anesthesia in most adults, while children required sedation.
Glioblastoma comprised 29.3% of all pathologies in children, compared with only 4.9% of the pathologies in adult
population (P = 0.007). Tuberculosis was the next major diagnosis (9.8%). In 12 patients, initial biopsy was inconclusive.
Following a repeat biopsy in 5 of these patients, a diagnosis was possible for 75/82 (91.5%) patients by STB. The
location of the target, the choice of entry, the radiological characteristic of the lesion, enhancement pattern, and age
group did not significantly correlate with the occurrence of inconclusive biopsy. Permanent complications occurred
in two patients (2.4%). There was no mortality in this series. Conclusion: Stereotactic biopsy has an important role
in brainstem lesions, more significantly in adults, due to wider pathological spectrum. It can be performed safely

under local anesthesia through a twist drill craniostomy in most of the adults.
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Introduction

Brainstem lesions comprise 15% of intracranial
space occupying lesions in children and 2% in
adults.l!! In pediatric population, most of these lesions
are brainstem gliomas while there is a wider diversity in
adults.””! In addition to glioma, the differential diagnosis
of a brainstem lesion in adults includes other tumors,
vasculitis, AVM, hematoma, infarction, infections, gliosis,
and demyelinating disease.**
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Brainstem lesions are sometimes treated on clinical and
radiological grounds and it had even been argued that
biopsy is not warranted in many of these lesions.” This
is based on the fact that surgery for brainstem lesions
was historically associated with an unacceptably high
mortality and morbidity.””! Except in the presence of an
exophytic component, open biopsy is associated with
high morbidity. In case of diffuse lesions, difficulty in
identifying the lesion intraoperatively compounds these
problems. In general, vast majority of brainstem lesions
are not amenable to surgical resection.®!

Magnetic resonance imaging (MRI) has emerged as the
primary diagnostic modality of brainstem lesions."!
With the introduction of MRI in the 1980s, interest in
the histological diagnosis in brainstem lesions declined.
But MRI-based diagnosis is reported to be erroneous in
10-20% of the cases.!""! Further, in regard to tumor grade
classification, it was noted that the accuracy of MRI brain
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assessment was correct in 35% of low grade glioma and
27% of high grade glioma.!"!

Different entry points and trajectories are described for
reaching the brainstem. The technique used differs based
on location of the lesion and surgeon’s preference. Similar
outcomes are reported with different approaches.!'

The present study aims to analyze the spectrum of cases
that underwent stereotactic biopsy for a brainstem lesion
in both adult and pediatric population over a long period
in a single tertiary neurosurgical centre. The technique of
the procedure, morbidity, diagnostic accuracy, spectrum
of diagnosis in Indian population, and variations in adult
and pediatric population are analyzed.

Materials and Methods

This study retrospectively analyzed all the stereotactic
biopsies performed for lesions involving brainstem
in a tertiary neurosurgical institute over a period of
16 years from 1994 to 2009. All cases of radiologically
demonstrated lesions localized to brainstem (mid brain,
pons, and medulla) were included in the study. In
patients with larger lesions involving other regions of
brain, in addition to brainstem, or multiple lesions, only
the cases where the target of biopsy was brainstem were
included. All cases with a target outside the brainstem
were excluded even if the bulk of the lesion was in the
brainstem. The clinical details, details of the procedure,
radiological findings, histopathological diagnosis, and
follow up details, wherever available, were reviewed
from the case records.

Clinical presentation, location and radiological features
of the lesion, stereotactic biopsy technique used,
and complications of the procedure were analyzed.
The cohort was grouped in to children and adults
and subgroup analyses of all these parameters were
performed. SPSS version 15.0 software was used for
statistical analysis and appropriate tests were applied
to determine significance.

Method of stereotactic biopsy

Biopsy was performed in a procedure room under
local anesthesia or general anesthesia. After fixing
a Leksell stereotactic frame to the head, a contrast
enhanced computed tomography (CT) head (Siemens,
Pennsylvania, USA)/MRI brain (Siemens Magnetom
1.5 T MRI, Pennsylvania, USA) was done. The lesion
was identified and the target point for biopsy was
chosen. Coordinates of the target were calculated by the
surgeon based on a Cartesian system [Figure 1]. In supine
position, through a twist drill craniostomy, biopsy was

taken with a side cutting biopsy forceps. Usually three
samples were taken during the procedure.

Results

Eighty-two patients underwent stereotactic biopsy for a
brainstem lesion during the study period. There were 41
children (<18 years) and 41 adults (>18 years). The age of
the patients ranged from 3 to 60 years (mean 22.11 years,
median 18.5 years). When grouped separately, median
age of the children was 9 years and that for adults was
34 years. There was a male preponderance in both
groups with 26 males (63.4%) among the children and
29 males (70.7%) among the adults. The duration of
symptoms ranged from 0.3 to 36 months (in children:
range 0.3-24 months, mean 3 months; and in adults:
range 0.3-36 months, mean 5.7 months). There was no
significant difference in duration of symptoms between
pediatric and adult population (P = 0.058). Nine out
of 41 children (22%) and 20 out of 41 adults (48.8%)
had symptoms of cranial nerve dysfunction as the
first feature. Headache was noted in 35.4% patients,
while limb weakness and ataxia were noted in 42.7%
and 47.6%, respectively. Seizure was documented in
one patient (1.2%). The clinical features in pediatric

Figure 1: Postcontrast axial (a), sagittal (b) and coronal (c) MRI
brain and CT brain with stereotactic frame showing the coordinates
(d), of a 12-year-old boy with multiple cranial nerve involvement. The
images reveal an ill defined lesion in the pons, which demonstrates
heterogenous enhancement with contrast. Initial stereotactic biopsy
was inconclusive and subsequent STB yielded a diagnosis of anaplastic
astrocytoma
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and adult population were comparable, except for
the involvement of trigeminal nerve, which was
significantly higher in adults as compared with children
(43.9% vs. 22%; P = 0.030).

Imaging data was available for review in 72 patients
[Table 1]. The location of the biopsied lesions between
pediatric and adult population was similar (P = 0.841).
Eight out of 13 lower pontine lesions were extending
to medulla. Other extensions were to thalamus, middle
cerebellar peduncle, and cerebellum [Table 1]. All these
cases underwent biopsy from pons or midbrain.

All the lesions were predominantly intrinsic. Lesions,
which have a well defined margin in contrast enhanced
MRI or CT scan, were considered as “well defined”, while
those without definite margins are considered diffuse.
Nearly 59.7% were ill defined or diffuse lesions and 40.3%
were well defined [Table 1]; 22.2% of lesions did not
demonstrate any contrast enhancement. There were three
uniformly enhancing lesions. Two of these uniformly
enhancing lesions were histologically proven later to
be nonHodgkin’s lymphoma and one was pilocytic
astrocytoma. The remaining lesions were almost equally
distributed among heterogeneous (22%), patchy (20.7%),
and ring (22%) enhancing type. Of the 72 patients, in
whom imaging data was available, contrast enhanced
MRI was available in 61 patients. The remaining patients
had only imaging findings from the CT scan. MRI was
available in 34 children and 27 adults. In children, 22/34
lesions were diffuse, while in adults 15/27 were diffuse
lesions as noted in MRI. Of all the diffuse lesions, 26.2%
did not show contrast enhancement.

Four patients had other lesions separate from the
biopsied lesion. Of these four patients, two had multiple
brainstem lesions. One adult had a small deep frontal
lesion and one child had a cerebellar hemispheric lesion,
both of which were considered nonsignificant at the time
of biopsy. In the adult, the biopsy from brainstem was
inconclusive. But the deep frontal lesion enlarged on
follow up and biopsy at a later date showed metastasis.
In the child, biopsy was reported as inflammatory lesion,
and he was started on antituberculosis treatment and
steroids empirically. But the patient was lost to further
follow up.

Procedure

The most common target of biopsy was midbrain in more
than half of the patients, followed by pons [Table 1].
Medulla was not targeted in any of the patients. All
the biopsies in adults were done under local anesthesia
only, except for one patient with altered sensorium, who
required general anesthesia. In contrast, most of the

biopsies in children were done under general anesthesia
or local anesthesia with sedation [Table 2].

CT was used as guidance in 73 (38 children and 35 adults)
patients and MRIin 9 (3 children and 6 adults). In 90.2%
of the lesions, a precoronal frontal entry point was
selected [Table 2]. An anteriorly located midbrain lesion
in one patient was approached from a right parietal entry
point. A sub occipital entry point with prone position
and sub occipital burr hole was used in seven patients
in the early part of the series, in the operating room with
lesions limited to below mid pons. General anesthesia
was used in two of these patients and local anesthesia
in the other five patients [Table 2].

Table 1: Radiological characteristics of the brainstem
lesions

Variable Total cohort Children Adult
(%) (%) (%)
N=72 N=38 N=34
Tumor location
Entire brainstem 8 (11.1) 4(10.5) 4(11.8)
Upper pons and/or midbrain 51(70.8) 28 (73.7) 23 (67.6)
Lower pons 13 (18.1) 6 (15.8) 7 (20.6)
Tumor extension
Thalamus 3(3.7) 2(49) 1(2.9)
Cerebellar peduncle 9(11.0) 2(4.9) 7(20.6)
Cerebellar hemisphere 1(1.2) 1(24) 0(0.0)
Medulla 8(9.7) 3(7.83) 5(12.1)

Tumor characteristics on imaging

Well defined intrinsic 22 (30.5) 10(26.3) 12(35.3)

Well defined with ventral 7 (9.7) 4(10.5) 3(8.8)

exophytic component

Diffuse 43 (59.7) 24 (63.2) 19(55.9)
Target selected for STB

Midbrain 39 (54.2) 22(57.9) 7(50.0)

Upper pons 22 (30.5) 11(28.9) 11(32.4)

Lower pons 11(15.2) 5(13.1) 6(17.6)

STB: Stereotactic biopsy

Table 2: Details of STB procedure and complications

Variable Total (%) Children (%) Adult (%)
N=82 N=41 N=41
Anesthesia used
Local anesthesia 55 (67.1) 15 (36.6) 40 (97.6)
Local anesthesia+sedation 10 (12.2) 10 (24.4) 0 (0.0)
General anesthesia 17 (20.7) 16 (39.0) 1(2.4)
Location of craniostomy
Frontal 74 (90.2) 38 (92.7) 36 (87.8)
Sub-occipital 7 (8.5) 3(7.3) 4 (9.8)
Parietal 1(1.2) 0 (0.0) 1(2.4)
Complications
Hematoma-asymptomatic 2(24) 1(2.4) 1(2.4)
Transient deterioration 5(6.1) 1(2.4) 4(9.8)
Permanent deterioration 2(2.4) 1(2.4) 1(2.4)

STB: Stereotactic biopsy
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Histological diagnosis

The histological diagnosis of the biopsied lesions,
with their distribution among children and adults,
are tabulated in Table 3. Malignant gliomas were the
most common histological diagnosis in the whole
cohort. Glioblastoma was significantly more common
in children. It comprised of 29.3% of all pathologies
in children, compared to only 4.9% of the pathologies
in adult population, the difference being statistically
significant (P =0.007). Tuberculosis was the next major
diagnosis (9.8%), with equal distribution in both adults
and children [Figure 2a]. Three patients were diagnosed
with other primary malignancies. Two adults with well

Table 3: Histopathological diagnosis: Distribution between

defined and uniformly enhancing mass lesions in the
midbrain, one showing extension to thalamus were
diagnosed as nonHodgkin’s lymphoma [Figure 2b].
The third patient was a 16-year-old child, with a
radiological diagnosis of midbrain lesion based on
CT, whose histopathology was reported as germinoma
[Figure 2c].

There were 11 diffuse nonenhancing lesions, which
consisted of 6 children and 5 adults. The histopathology of
the lesions in children were pilocytic astrocytoma (n =1),
anaplastic astrocytoma (n = 2), GBM or high grade
glioma (n=1), malignant glioma with further classification

children and adults

Histopathology Combined (N=82) Children (N=41) Adult (N=41)
Frequency Percent Frequency Percent Frequency Percent
Pilocytic astro 6 7.3 3 7.3 3 7.3
LGG 2 2.4 0 0.0 2 4.8
Anaplastic astro 24 29.3 11 26.8 13 31.7
GBM 14 171 12 29.3 2 4.9
Other malignant primary 3 3.7 1 2.4 2 4.9
Mets 3 3.7 0 0.0 3 7.3
Tuberculosis 8 9.8 4 9.8 4 9.8
Other inflammatory 4 4.9 1 2.4 3 7.3
Demyelination 1 1.2 0 0.0 1 2.4
Others-infarct, hematoma 1 1.2 0 0.0 1 2.4
Malignant glioma-further 9 10.9 7 171 2 4.9
classification not possible
Inconclusive 7 8.5 2 4.9 5 12.2
Total 82 100.0 41 100.0 41 100.0

LGG: Low grade glioma, GBM: Glioblastoma

cells (arrow). (b) STB of an uniformly enhancing mid brain lesion reveals NonHodgkin’s lymphoma with neoplastic lymphoid cells around a vessel
(V), which are strongly labeled by B cell marker, CD20 (B, inset). (c) STB from a midbrain lesion revealed characteristic features of germinoma
with large epithelial appearing cells, strongly expressing PLAP (inset), admixed with mature lymphocytes. [a: H and E, x20; b: H and E, x10; b,
inset: CD20 IHC x20; c: H and E, x40; c, inset: PLAP IHC x40]
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not possible (n = 2). In adults, all the five lesions were
histologically diagnosed as anaplastic astrocytoma.

Inconclusive biopsy

In 12 (14.6%) patients, initial biopsy was inconclusive.
A review of radiological data, available on 11 of
these patients revealed that 9 lesions were located
in upper pons and midbrain and two in lower pons.
Seven lesions were well defined with ring (4/7) or
heterogeneous (3/7) enhancement. Four patients with
initial inconsistent biopsy underwent a repeat STB from
brainstem, which yielded a histological diagnosis of
anaplastic astrocytoma (1 = 2), tuberculoma (1 = 1), and
pineocytoma (1 =1). One adult patient had a small frontal
lesion at initial presentation, which was considered
insignificant, enlarged in size during follow up imaging
after inconclusive brainstem biopsy. An STB from the
frontal lesion yielded a diagnosis of metastasis. Overall,
a diagnosis was possible for 75/82 (91.5%) patients
by STB. For the remaining patients with inconclusive
biopsy, option of repeat biopsy was offered, but they
declined and were lost to follow up. The histology in
inconclusive biopsies had shown normal brain tissue,
white matter tracts, astrocytes, and occasional neurons
in most of the cases. In two cases, reactive astrocytes
or focal aggregates of microglial nodules were noted.
In two cases, a suspicion of neoplasm was raised, but a
definitive diagnosis could not be made. On analyzing
the factors contributing to the inconclusive biopsy, the
location of the target lesion (P = 0.545), the choice of
entry (P = 0.513), the radiological characteristic of the
lesion, namely well defined or ill defined (P = 0.14),
enhancement pattern (P = 0.842), age group pediatric vs
adult; P = 0.349) and imaging modality used for target
localization (CT vs MRI; P = 0.620) did not significantly
correlate with the occurrence of inconclusive biopsy.

Complications

Complications were relatively rare in the present series.
Permanent deterioration in sensorium and fresh cranial
nerve deficits occurred in two patients (2.4%). Both
patients had anaplastic astrocytoma involving midbrain
and pons. One of them had alarge intralesional hematoma
causing mass effect, which was evacuated through a sub
occipital craniectomy. But the patient did not improve
in sensorium and persisted to have neurological deficits.
The other patient developed small hematoma without
any mass effect, which was treated conservatively. Five
patients had deterioration in sensorium transiently. The
sensorium improved with conservative management.
One patient with transient deterioration of sensorium
had small amount of intraventricular hemorrhage, which
cleared with conservative management. Two patients
had small hematoma in post-STB scan without any

symptoms. One of these patients had mild hydrocephalus
before biopsy, which was managed with insertion of a
ventriculo-peritoneal shunt system. There was no
significant difference in morbidity between pediatric and
adult population. There was no significant influence of
location of target and choice of entry in the occurrence of
complications. There was no procedure-related mortality
in the present series.

Discussion

Image-guided stereotactic biopsy for histopathological
diagnosis of cerebral lesions has become a standard
component of the neurosurgical armamentarium.!3'4
Image directed stereotactic brainstem biopsy was first
reported by Gleason et al. in 1978.1%1 CT and MRI
directed stereotactic targeting are both used in brainstem
biopsies. Most of the literature published regarding
brain stem masses has been based on studies in children,
where the diversity of pathology is not as broad as in
adults.” In brain-stem lesions in adults, MRI is limited
in its capability for differentiating tumor vs. nontumor,
particularly in cases of infection or inflammation.'%

The present study is a retrospective analysis of brainstem
lesions, which underwent stereotactic biopsy over
a long period, with 50% of the cohort consisting of
adults. This is in contrast to studies of brainstem lesions,
which reported brainstem lesions occurring in children
only.”¥1 But in studies dealing with stereotactic biopsy of
brainstem lesions, adults outnumber children indicating
that an adult with a brainstem lesion is more likely to
undergo biopsy than a child with brainstem lesion.>**

Most of the lesions in the present study were located in
the midbrain or upper pons in contrast to some previous
studies in which the majority of lesions were located in
pons followed by medulla.l'”?'?2 However, Kratimenos
et al. reported that midbrain and upper pontine lesions
predominated in their series.”” The disparity may be
due to the various practice guidelines and indications
for stereota ctic biopsy in various institutes.

Diagnostic yield of stereotactic biopsy for intracranial
lesions show wide variations among different studies.
An inconclusive biopsy is reported in 2-30% of the cases
in various studies.***! But most of the modern studies
report a diagnostic yield of more than 90%. Studies
specifically on stereotactic biopsy of brainstem lesions
give diagnostic rates comparable to more frequently
biopsied supra tentorial lesions.[>!17212528 A recent meta
analysis of 38 studies reported a diagnostic yield of 96.2%
by weighted average proportions analysis.['! In the
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present study, diagnostic yield of first stereotactic biopsy
was noted to be 85.4%. This is slightly less compared with
most of the studies, but well within the reported range.
The reasons proposed in literature for diagnostic failure
in stereotactic brain biopsy include small sample size,
inaccurate tissue targeting resulting in sampling error,
target choice in areas of high signal on T2-weighted MRI,
small target size, necrotic lesion, immunocompromised
patient, nonneoplastic lesions, and nonenhancing
lesions.™ The diagnostic yield was directly associated
with the number of samples taken during the procedure,
in a previous study. Diagnostic accuracy was 84-88%
for 2-3 bits and increased with higher numbers. This
demonstrates that the diagnostic yield can be improved
by taking more tissue samples during a procedure.?!
Most of the inconclusive biopsies in the present series
were for lesions with heterogeneous or ring enhancement
pattern, suggesting a possibility of biopsy from necrotic
area. Five patients who had an initial inconclusive biopsy
in the present series underwent a repeat STB, which
yielded a total diagnostic accuracy of 91.5%.

Predominant pathology in both children and adults
were high grade glioma in the present series, which
was in concordance with other studies.****! Rajshekhar
et al. reported low grade glioma as the most common
brainstem pathology in children." In the present series,
the lesions were almost exclusively gliomas in children,
with exception of tuberculomas in four cases, whereas in
adults there was a wider spectrum of diagnosis. Another
important finding is that tuberculomas constituted 9.8%
of all the pathologies in this series. A similar pattern
was observed in other Indian studies also, in contrary
to Western studies.[73!

We noted that all the biopsies in diffuse nonenhancing
lesions were gliomas. The histopathology of the lesions
in children were pilocytic astrocytoma (1 = 1), anaplastic
astrocytoma (n = 2), GBM or high grade glioma (n = 1),
malignant glioma with further classification not
possible (n = 2). In adults, all the five lesions were
histologically diagnosed as anaplastic astrocytoma.
The present series had six children with nonenhancing
diffuse lesions who underwent biopsy in the early
part of the series. This probably would indicate the
changing practice over the past 15 years. In children, our
present practice is to consider a biopsy in an enhancing
brainstem mass where the diagnosis is not certain by
radiological imaging. Patients with classical MR features
of tuberculosis will undergo empirical anti-tubercular
therapy and biopsy is considered if there is no response.
We consider that diffuse nonenhancing brainstem tumors
in children do not require biopsy confirmation before
consideration of radiotherapy.

Various approaches and techniques have been used
to perform STB in brainstem lesions. While some
authors have used a transfrontal access to the brainstem
lesions,'”?] Patel et al.’"! and Abernathey et al.l!
exclusively used transcerebellar approach in all of their
patients. Both the approaches have advantages and
limitations. A transfrontal approach is performed in
supine position, which makes it easier to perform.
However, some lesions, especially those placed laterally
in the pons cannot be targeted by this route. Also, this
route has to traverse a longer distance and has potential
risk of penetration of ventral pia/ventricular entry. We
use preoperative neuronavigation planning software
recently for decision of target and entry point to avoid
these potential complications. A transcerebellar approach
has the advantage of a shorter trajectory. However,
prone or semi sitting position needed for the procedure
makes it difficult for both the surgeon and the patient.
A study by Dellaretti et al. comparing the transfrontal
and transcerebellar approaches for STB in 142 patients
concluded that the diagnostic accuracy and the
complication rates are similar in both approaches. They
reported from a series of 142 patients biopsied by either
transfrontal (n = 123) or transcerebellar (1 =19) route, the
complication rate in transfrontal route was 17.9%, while
the definitive morbidity rate was 9.8%. In transcerebellar
group, the complication rate was 21.1%, while the
definitive morbidity was 5.3% and mortality was 5.3%.5
The location of the lesion may partly dictate the approach
chosen. Transfrontal approach is the preferred route in
most of the cases, which reflects the predominance of
upper brainstem lesions.[”**% In the present series, most
of the patients underwent STB through a transfrontal
access, which reflects the institutional practice. A small
number of patients (seven) underwent transcerebellar
approach by a suboccipital entry, which was performed
in the early part of the series. Some authors reported the
transcerebellar approach for brainstem lesions, which
reflect the different institutional practice.*3"

In the present series, a twist drill craniostomy has
been utilized in most of the cases for performing STB.
Many authors utilize a burr hole for performing a STB
for a brainstem lesion, ¥ while some series describe
the use of twist drill cranisotomy for STB.*! Sanai
et al. have reported that the majority of their patients
underwent STB using a large twist drill craniostomy
in their series.’! Burr hole may provide placement of
a pial incision under vision and may help in avoiding
a sulcal entry. However, since the target is fixed by the
calculation of the coordinates, a choice of twist drill
craniostomy has not hampered any STB procedure in
the present series. Furthermore, it obviates the need for
any general anesthesia or sedation and the procedure
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can be easily performed under local anesthesia. The
performance of STB under local anesthesia could be
appropriate also in multimorbid patients in whom
general anesthesia is a high risk factor, for example,
due to cardiac disease. No complications related to
twist drill craniostomy have been noted in the present
series.

In some published studies, a high complication rate
of more than 10% was reported for stereotactic biopsy
of brainstem lesions.**?") Based on this observation,
some authors have questioned the use of STB for these
lesions.>*! STB of brainstem lesions was found to be a
safe procedure in the present study, with 2.4% permanent
deterioration and 6% transient deterioration, which
are comparable to other similar studies.?%! This
is also comparable to the complication rates reported
for supratentorial biopsy.**”! The recent meta analysis
of 1480 cases reported 7.8% overall morbidity, 1.7%
permanent morbidity, and 0.9% mortality.!'*!

Kratimenos et al.,” Patel ef al.,®) and Abernathy et al.’!
used general anesthesia in their cases and the procedure
was done in the operating room. In younger children,
STB is usually done under general anesthesia with local
anesthesia used for older children and adults.”? Two
series with 13 patients each, have reported performance
of STB under local anesthesia in operating room with
good patient compliance.®*! While most of the present
day stereotactic procedures have become complex
procedures, which are performed under general
anesthesia, using surgical neuronavigation systems or
intraoperative MRI in a fully equipped operating room,
our series demonstrates that these procedures can
be done with patients awake most of the time, under
local anesthesia in a procedure room using a twist
drill craniostomy, with a comparable diagnostic and
complication rate to other brainstem biopsy series. This
avoids the need for operating room and anesthesia time,
which is a very important factor in busy neurosurgical
institutes in developing as well as developed countries.
In children, the biopsies were performed under local
anesthesia with sedation or under general anesthesia in
the procedure room.

In conclusion, it can be reiterated that stereotactic
biopsy has an important role, the treatment of brainstem
lesions, more significantly in adults, due to the larger
variety of mass lesions affecting the brainstem. It can
be performed safely under local anesthesia through a
twist drill craniostomy in most of the adults. Children
may require sedation for the procedure. The procedure
yields a high diagnostic rate and the complication rates
are minimal.
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