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Abstract Stereotactic biopsies are procedures performed
to obtain tumor tissue for diagnostic examinations. Cere-
bral lesions of unknown entities can safely be accessed and
tissue can be examined, resulting in correct diagnosis and
according treatment. Stereotactic procedures of lesions in
highly eloquent regions such as the brainstem have been
performed for more than two decades in our department.
In this retrospective study we focus on results, approaches,
modalities of anesthesia, and complications. We performed
a retrospective analysis of our prospective database,
including 26 patients who underwent stereotactic biopsy
of the brainstem between April 1994 and June 2015. All
of the patients underwent preoperative MRI. Riechert—
Mundinger-frame was used before 2000, thereafter the
Leksell stereotactic frame was used. After 2000 entry and
target points were calculated by using BrainLab stereotac-
tic system. We evaluated histopathological results as well
as further treatment; additionally we compared complica-
tions of local versus general anesthesia and complications
of a frontal versus a trans-cerebellar approach. Median age
of all patients was 33 years, and median number of tissue
samples taken was 12. In all patients a final histopathologi-
cal diagnosis could be established. 5 patients underwent
the procedure under local anesthesia, 21 patients in gen-
eral anesthesia. In 19 patients a frontal approach was per-
formed, while in 7 patients a trans-cerebellar approach was
used. Complications occurred in five patients. Thereby no
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significant difference was found with regard to approach
(frontal versus trans-cerebellar) or anesthesia (local versus
general). Stereotactic biopsies even of lesions in the brain-
stem are a save way to obtain tumor tissue for final diag-
nosis, resulting in adequate treatment. Approach can be
trans-cerebellar or frontal and procedure can be performed
either under local or general anesthesia without significant
differences concerning complication rate.
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Introduction

In the past stereotactic biopsies were performed in many
neurosurgical departments as a standard procedure to obtain
tumor tissue. In doing so, different localizations of brain
lesions are relatively easy to access using stereotactic guid-
ance. Frame based stereotactic biopsy (STX) provides a
save and efficient way to obtain tissue of cerebral lesions of
unknown entities. To initiate further treatment, exact histo-
pathological diagnosis is needed, since radiological diagnosis
alone can sometimes be misleading. Eloquent localizations
such as the brainstem have of course always played an impor-
tant role. Since frame guided STX is a very well established
procedure with high accuracy and low complication rates it is
especially useful for deep seated, small lesions [13, 21].

In the pertaining literature stereotactic biopsies of brain-
stem lesions are described to be carried out under local or
general anesthesia and different approaches for brainstem
lesions are used. In general, biopsies can be performed
frame based or neuro-navigation based. Mortality and mor-
bidity rates of stereotactic procedures are known to be very
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low, but only few studies have hitherto focused on biopsy
of such eloquent areas as the brainstem. Since quality of
the pre- and intraoperative scans (CT, MRI, PET) have
improved over the last years, stereotactic procedures have
gained in safety resulting in an improved contrast between
tumor tissue and brain [17, 19, 30]. Postoperative neurologi-
cal deficits are therefore observed seldom.

The rationale for this study was to increase knowledge
about benefit and complications of stereotactic biopsies of
unknown brainstem lesions. We evaluate complication rates
of stereotactic brainstem biopsies under local versus general
anesthesia and we compare frontal versus trans-cerebellar
approaches. Authors of former studies were of the opinion
that adequate imaging could replace biopsy [2]. They con-
cluded that in many cases further treatment is not altered
after biopsy and therefore imaging can replace biopsy. This
conclusion, however, only referred to infiltrative tumors of
the pontine tegmentum that were almost always DIPGs.
DIPGs with a typical appearance on MR are very unlikely
to be non-astrocytic tumors.

It was our aim to show, that nowadays stereotactic pro-
cedures also in eloquent areas like the brainstem are of low
risk and result in reliable diagnosis and imaging techniques
are additional tools to be used for guiding biopsies.

Methods

We performed a retrospective analysis of our prospective
database and included 26 patients who underwent STX
between April 1994 and June 2015. All patients suffered
from brainstem lesions of unknown entity and all patients
underwent the procedure according to interdisciplinary
tumorboard decision.

Lesions defined as brainstem lesions were involving the
mesencephalon (with tectum or tegmentum), crus cerebri,
pons or medulla oblongata.

All patients underwent thin sliced MRI prior to surgery.

After the stereotactic frame was mounted to the head
with two pins frontal and two pins occipital, the patient
underwent CT scan.

Before 2000, the Riechert—Mundinger-frame was used
and the stereotactic trajectory was then calculated on basis
of a phantom.

After 2000 CT and MRI imaging were fused, using
the BrainLab iplan software (iPlanCranial 1.0 software;
BrainLab system, Feldkirchen/Munich). Target and entry
points were also calculated by BrainLab iplan software.
Approaches were either frontal or trans-cerebellar, depend-
ing on the operating surgeon. Surgery was performed under
local or general anesthesia.

The decision whether to use a frontal or a trans-cerebellar
approach was based on the exact localization of the lesion.
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Lesions accessible by a frontal approach (e.g. tectum, teg-
mentum) were accessed via a frontal approach. Lesions of
the caudal brainstem (e.g. medulla oblongata) were accessed
trans-cerebellar.

In general patients who underwent biopsy in the earlier
years underwent the procedure in local anesthesia. In doing
so the surgeons wanted to observe closely the neurological
status of the patient also intraoperatively.

During the last years the procedure was performed under
general anesthesia due to the previously gained good results
with low rates of complications.

Results

Eighteen patients were male and 8 were female, median age
of all patients was 33 years.

Anesthesia

Five patients (19%) underwent the procedure under local
anesthesia, 21 patients (81 %) under general anesthesia.

Imaging

All patients underwent thin slice preoperative MRI and in
all patients CT, with the stereotactic frame attached was
performed on the day of the surgery. Imaging data of both
were then fused to calculate entry and targetpoint (Leksell
stereotactic system, BrainLab iplan software). In 17 patients
a postoperative CT was performed and in nine cases not. At
the beginning of stereotactic procedures being performed at
our department, postoperative CT scans were assessed on a
routine basis. During the last years postoperative CT scans
were only performed if a new neurological deficit occurred.

We compared neuroradiological diagnosis with histo-
logical proven diagnosis. In 20 patients (76 %) the neurora-
diological diagnosis was correct; in 6 patients (23 %) it was
incorrect.

Among the incorrect diagnoses from neuroradiologists
was a suspected ependymoma which was a PNET, a metas-
tasis which was a B-cell lymphoma, a suspected high grade
glioma was a lymphoma, a suspected lymphoma was a glio-
blastoma, a gliomatosis was a B-cell lymphoma histologi-
cally, and a suspected high grade glioma was a germinoma
after histological examination.

Figure 1 gives an overview of the different lesions which
were performed.

Approach

In 19 patients (73 %) a frontal approach was used and in 7
patients (27 %) the approach was trans-cerebellar.
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Fig. 1 Overview of variety of lesions which were biopsated. a—c
Upper row T2w hyperintense lesion of the pontomedullary junction
with slight contrast enhancement (asterisk). Histopathological diag-
nosis was medulloblastoma. d—f Middle row T2w hyperintense, non-
enhancing lesion of the tectal plate (arrow) highly suggestive for tectal

Histopathological diagnosis

In all patients a final histopathological diagnosis was made.
Median number of tissue samples taken was 12 (range
6-20). Samples were taken in 1 mm steps using a biopsy
forceps. In all patients multiple biopsies were taken to
ensure a definite histopathological diagnosis.

Astrocytoma WHO II was diagnosed in nine (34.6%)
patients, astrocytoma WHO III in two (7.7 %) and glioblastoma
in five (19.2%) patients. Medulloblastoma was diagnosed in

glioma, which was also the histopathological diagnosis after STX. g—i
Lower row T2w inhomogenous mass with multiple enhancing foci of
the thalamomesencephal junction (ellipse). STX revealed glioblas-
toma multiforme.

three patients (11.5%), diffuse intrinsic brainstem glioma in
two patients (7.7%) and three patients suffered from lym-
phoma (11.5%). Primitive neuroectodermal tumor (PNET)
and germinoma were diagnosed in one patient each (3.8%).
An overview of histopathological analyses is given in Table 1.

Treatment

A majority of 13 (50 %) patients underwent radiation post-
operatively; seven patients received radiochemotherapy
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(26.8 %), while two patients underwent chemotherapy alone
(7.7%). In two patients control imaging after 3 months was
recommended (7.7 %). One patient was lost for follow up
(3.9%). One patient died due to multiple organ dysfunction
before receiving further therapy (3.9).

Table 2 provides all demographic, clinical, and imaging
details of all patients.

Complications

In 17 patients a postoperative CT scan was performed. Sur-
gery related complications occurred in five patients (19.2 %)
(one with facial palsy, one with hydrocephalus, three with
small local bleedings in the biopsied area).

Among these patients we consider hydrocephalus as a
severe complication (3.9 %), since only this patient required
further surgical treatment (see below).

All other complications, listed below, were mild and
symptoms decreased during the postoperative stay at our
department. The small bleedings were asymptomatic (two
patients had received local anesthesia, one general anesthe-
sia, all three had frontal approaches).

The patient (8 years) who developed a facial palsy post-
operatively underwent surgery under general anesthesia and
the surgeon chose a trans-cerebellar approach for a pons
lesion. A CT scan was performed postoperatively to exclude
hemorrhage. The CT showed only mild postoperative swell-
ing. Cortisone (20 mg) was administered and the grade of
the palsy decreased during the following days.

In three patients a small hemorrhage was found in the
biopsied area after CT scan was performed on a routine
basis. All of the hemorrhages were clinically silent and
since these patients did not show any neurological deficits
no further treatment was needed.

One patient showed a postoperative prolonged awaken-
ing phase (after general anesthesia and frontal approach),
therefore a CT scan was performed. The scan showed a
hydrocephalus due to swelling in the biopsied area (mes-
encephalon). The patient received an external ventricu-
lar drain. Unfortunately this patient was already in a bad

Table 1 Overview of histopathological analysis

Histopathological result Number of patients (%)

Astrocytoma WHO 11 9 (34.6)
Astrocytoma WHO 111 2(7.7)
Glioblastoma IV 5(19.2)
Lymphoma 3 (11.5)
Medulloblastoma 3 (11.5)
Ponsglioma 2(7.7)
Germinoma 1(3.9)
PNET 1(3.9)
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condition prior to surgery (cirrhosis of the liver with low
thrombocytes and reduced KPS of 50). He developed pneu-
monia during the further course on our intensive care unit.
With beginning liver and lung failure his family decided not
to force any more medical therapy after they received the
histopathological diagnosis of his tumor, which was glio-
blastoma WHO IV. The patient died a few days after sur-
gery due to multi-organ-dysfunction. In our series mortality
is therefore 3.8 %.

Statistical analysis

Using Chi-squared test, we compared the two different
approaches (frontal versus trans-cerebellar) and the modal-
ity of anesthesia used (general versus local). We correlated
approach and anesthesia to the complications mentioned
above. P values of 0.05 and below were considered statisti-
cally significant.

P was 1.0 for approach trans-cerebellar versus frontal and
0.6 for local anesthesia versus general anesthesia (fisher’s
exact test).

Ilustrative case for frontal approach

A 52 year old patient presented with a left sided weakness
and gait instability at the neurological department. CT and
MRI scans were performed, imaging revealed a contrast
enhancing tumor mass of the mesencephalon. We discussed
the case in our interdisciplinary tumor board where a STX
was finally suggested. Surgery was performed by a fron-
tal approach (due to the mesencephalic tumor, Fig. 2a—c)
and general anesthesia. The histopathological examination
revealed a glioblastoma.

Ilustrative case for transcerebellar approach

This 3 year old patient presented with an incipient hemipa-
resis and ataxia. He also showed abnormal hypersalivation.
The MRI scan showed a pons tumor of unknown dignity.
The tumor showed no contrast enhancement. The pediatric
tumorboard recommended STX, which was then performed.
A transcerebellar approach was used, due to the pontine
localization of the tumor (Fig. 3a—c). The child underwent
the procedure under general anesthesia. Histopathological
examination established the diagnosis of diffuse intrinsic
brainstem glioma.

Discussion
Stereotactic biopsy of brain lesions of unknown entity is a

standard procedure in numerous neurosurgical departments
nowadays. Also eloquent areas such as the brainstem have
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Table 2 Patient’s characteristics

Patientnumber ~ Age Localization Histological diagnosis Radiological diagnosis and differential Initial symptoms
(years) diagnosis
1 20 Tectum Primitive neuroektodermal Ependymom Headache, dizziness
tumor
2 66 Midbrain, pons Glioblastoma High grade glioma Hemiparesis, gait
instability
3 51 Pons Astrocytoma WHO 11 Low grade glioma/inflammatory Diplopic images
4 46 Pons B-cell lymphoma Metastasis Hemiparesis
5 49 Tectum, pons Astrocytoma II Low grade glioma Headache, diplopic images
6 51 Crus cerebri Glioblastoma High grade glioma Gait instability
7 12 Pons Medulloblastoma WHO II  Medulloblastoma Not documented
8 62 Pons Astrocytoma WHO 11 Low grade glioma Diplopic images
9 31 Pons Lymphoma High grade glioma Diplopic images, gait
instability
10 37 Crus cerebri Glioblastoma Glioma Disturbance of equilibrium
11 20 Tectum Tectumglioma WHO 11 Low grade glioma Dizziness, diplopic images
12 30 Midbrain Glioblastoma T-cell lymphoma Hemiparesis
13 63 Crus cerebri Glioblastoma Glioma Hemiparesis
14 33 Medulla Medulloblastoma WHO II  Low grade glioma/medulloblastoma  Hemiparesis
oblongata
15 60 Pons Astrocytoma WHO 11 Glioma Dizziness, diplopic images
16 19 Pons Astrocytoma WHO 111 High grade gliom/inflammatory Paresthesia, dizziness
17 33 Medulla Astrocytoma WHO 11 Low grade glioma Hemiparesis
oblongata
18 8 Pons Astrocytoma WHO 111 Glioma Diplopic images
19 68 Tegtum B-cell lymphoma Gliomatosis/inflammatory Diplopic images, gait
instability
20 44 Medulla Astrocytoma WHO II Glioma Paresthesia
oblongata
21 3 Pons Diffuse intrinsic brainstem Diffuse intrinsic brainstem glioma Salivation, gait instability
glioma
22 15 Midbrain Germinoma High grade glioma Hemiparesis
23 10 Midbrain, tectum  Astroytoma II Astrocytoma Headache, nausea
24 7 Medulla Medulloblastoma WHO II  Medulloblastoma Hemiparesis
oblongata
25 1 Pons Diffuse intrinsic brainstem Diffuse intrinsic brainstem glioma Not documented
glioma
26 25 Medulla Astrocytoma WHO 11 Glioma Headache
oblongata

been accessed since the 1980s [6—8], but decision-making
whether to biopsy a lesion in this eloquent area is not easy.
Today most cases are discussed in an interdisciplinary
tumorboard, evaluating the indication and consequence of
STX.

Although most brainstem tumors are found in children,
the diversity of pathologies is higher in adults [11, 29]. In
contrast to biopsies in other areas of the brain, the brainstem
is mostly accessed stereotactically, due to the high preci-
sion reached by the stereotactic systems [13]. Mostly frame
based systems such as the Leksell system, the Cosman—Rob-
ert—Wells or the Brown—Robert—Wells system are used [18,
25]. Nevertheless also frameless, navigation based systems

are reported to be a safe alternative [14]. Frame-based pro-
cedures can be performed under local or general anesthesia,
while procedures with frame-less systems usually have to be
carried out under general anesthesia [27]. Local anesthesia
can be of advantage for patients with cardio-pulmonary dis-
eases since they do not need sedation and mechanic ventila-
tion during local anesthesia. In children stereotactic biopsies
are usually performed under general anesthesia.

In general STX is a safe procedure with low mortality
and morbidity rates, nevertheless some authors reported
higher complication rates for lesions in the brainstem [4, 5].
In contrast the reviews of Samadani et al. and Kickingereder
et al. stated no higher complication rates for STX of lesions
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Fig. 3 Stereotactic planning for pontine lesion and trans cerebellar approach (thin slice MRI, T2)

in the brainstem [10, 23]. In his review from 2012 Kick-
ingereder et al. showed diagnostic success of the procedure
between 94.5 and 97.6 %, morbidity was between 5.6 and
10.2 %, mortality was 0.5—1.4% [10]. Our results meet the
results of his work, finding diagnostic success in 100% of
the patients who underwent biopsy. In our study morbidity
was 19.2% (including hemorrhages without clinical symp-
toms in 11.5% and neurological deficits in 7.7 %) mortal-
ity was 3.9 %. Morbidity and mortality rates of the patients
in our study are somewhat higher than presented by Kick-
ingereder et al. [10]. However, the patient who deceased in
the further course died due to multi organ dysfunction not
related directly to surgery.

From the late 1980s on different approaches (frontal ver-
sus trans cerebellar) are reported [6, 7]. It is still unclear and
depends on the exact localization and configuration of the
lesion which approach is chosen by the surgeon.

@ Springer

Also in our study, brainstem lesions have been
accessed in both ways. In our series, a frontal approach
was used for all patients who underwent surgery before
2010. After 2010 a trans-cerebellar approach was used
for patients with lesions in the pons and in the medulla
oblongata (Fig. 2a—c). If the lesion had to be accessed
from lateral trans-cerebellar, the Leksell frame was fixed
to the head oblique in order to keep the pins beyond the
planned trajectory [20]. A frontal approach was used for
patients who had lesions of the tegmentum and tectum.
Frontal approaches were planned by using a pre-coronary
burrhole with a trajectory not penetrating the ventricle
(examples of trajectory planning see illustrative case
Fig. la—c). Our observation concerning the two different
approaches meet the statement of Goncalves-Ferreira et
al., who also suggest that lesions involving the medulla
oblongata should be accessed trans-cerebellar, lesions in
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the mesencephalon should be accessed through a frontal
approach [8].

A literature research by Samadani et al. evaluated 469
stereotactic biopsies of brainstem tumors in adults [23].
They analyzed whether a patient should undergo biopsy or
empiric therapy by relying on the certainty of the diagno-
sis reported by the radiologist, neurosurgeon and consult-
ing physician. In our opinion this underlines the dilemma
of treating brain stem lesions. Even if the radiologist is
100% certain about the diagnosis, there is still a number
of patients who might receive inadequate therapy if he is
mistaken. Furthermore we want to point out that for future
therapies molecular markers such as O6-Methylguanin-
DNS-Methyltransferase (MGMT) and Isocitratedehydroge-
nase-1 (IDH-1) and alpha-thalassemia/mental retardation
syndrome X-linked (ATRX) might play an important role.
These markers can only be estimated by obtaining tissue
samples, for example through biopsy [28].

The study of Massager et al. evaluated MRI and PET
Data in 30 patients, finding correct diagnosis, after com-
parison with histopathological data from STX in only 63 %
of the patients [15]. Accordingly we compared neuroradio-
logical diagnosis with histologically proven diagnosis. We
found the radiological diagnosis to be correct in only 73 %
of the patients (n=20) supporting strongly our perception
that biopsy of brainstem lesions is indispensible before
commencement of potentially hazardous therapies. It is
important to point out that three of the six (50 %) incorrect
diagnosed patients were biopsied before 2000.

However, even though modern imaging has improved
over the last years enormously, still it has not matched the
accuracy of histological analysis yet. This might be true
especially in case of brain stem masses due to artifacts, lim-
iting imaging of the skull base and below [3, 24, 26].

Blasel et al. found that peritumoral elevated relative cere-
bral blood volume (rCBV) has a high diagnostic accuracy
in differentiating GBM from metastases. Peritumoral rCBV
was significantly lower in patients with metastases than in
glioblastoma patients [3]. Lescher et al. recently concen-
trated in grading pediatric brain tumors according to their
signal intensity in T2. They found that there is a cut of value
which can be calculated by T2 measurement to discriminate
low grade tumor from high-grade tumors [12].

Abdelaziz et al. recently compared the value of MR-
spectroscopy (MRS) with the results of STX. The authors
found MRS to be a reliable tool in grading gliomas, but they
agree that also MRS is a tool used to guide stereotactic sur-
gery rather than to replace it [1]. Hattingen et al. give a good
overview of quantitative MRI measurements, which are also
used to monitor tumor tissue reactions to therapy [9].

Here discussed techniques as proposed by Lescher et al.
and Abdelaziz might help to guide stereotactic biopsies in
the future [1, 12]. But imaging alone stays indicative and

there still is not evidence enough to base further therapies
on.

We strongly agree with Vedantam Rajshekhar, who states
that therapy of brain stem lesions should not be based on
imaging alone, since therapies can cause side-effects and
can therefore be potentially harmful. Since the histologi-
cal grading can only be performed using tumor tissue, the
authors clearly state that biopsy is needed in contrast to chil-
dren with suspected diffuse pontine glioma. Here the histo-
logical grading does not predict the outcome as it does in
adults. We also agree with the author who suggests that the
shortest route for biopsy should be taken (for pontine and
medullary lesions-transcerebellar and for midbrain biopsies
transfrontal) [22].

Our data underline, that there is no significant difference
concerning complication rates in procedures performed in
general or local anesthesia and approaches frontal versus
cerebellar (general versus local anesthesia p=0.6, frontal
versus trans cerebellar approach p=1.0). Both modalities
of anesthesia and different approaches of brainstem lesions
do not inherit a higher complication risk and can therefore
safely be performed.

Conclusion

Stereotactic biopsy is a save procedure to obtain tumor tis-
sue for further treatment even in eloquent areas such as the
brainstem. Approaches can be frontal or trans cerebellar and
surgeries can be performed under local or general anesthe-
sia without significant difference concerning complication
rates.
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