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Abstract

Background Stereotactic biopsy is consistently employed to characterize cerebral lesions in patients who are not suitable for
microsurgical resection. In the past years, technical improvement and neuroimaging advancements contributed to increase the
diagnostic yield, the safety, and the application of this procedure. Currently, in addition to histological diagnosis, the molecular
analysis is considered essential in the diagnostic process to properly select therapeutic and prognostic algorithms in a personal-
ized approach. The present study reports our experience with frameless stereotactic brain biopsy in this molecular era.
Methods One hundred forty consecutive patients treated from January 2013 to September 2018 were analyzed. Biopsies were
performed using the Brainlab Varioguide® frameless stereotactic system. Patients’ clinical and demographic data, the time of
occupation of the operating room, the surgical time, the morbidity, and the diagnostic yield in providing a histological and
molecular diagnosis were recorded and evaluated.

Results The overall diagnostic yield was 93.6% with nine procedures resulting non-diagnostic. Among 110 patients with glioma,
the IDH-1 mutational status was characterized in 108 cases (98.2%), resulting wild-type in all subjects but 3; MGMT methylation
was characterized in 96 cases (87.3%), resulting present in 60 patients, and 1p/19q codeletion was founded in 6 of the 20 cases of
grade II-11I gliomas analyzed. All the specimens were apt for molecular analysis when performed. Bleeding requiring surgical
drainage occurred in 2.1% of the cases; 8 (5.7%) asymptomatic hemorrhages requiring no treatment were observed. No biopsy-
related mortality was recorded. Median length of hospital stay was 5 days (IQR 4-8) with mean surgical time of 60.77 min (+
23.12) and 137.44 £24.1 min of total occupation time of the operative room.

Conclusions Stereotactic frameless biopsy is a safe, feasible, and fast procedure to obtain a histological and molecular diagnosis.

Keywords Glioma - Molecular markers - Frameless biopsy - Diagnostic yield - IDH1

Introduction characterize lesions of the central nervous system in vivo
[8, 31, 35].
Since its inception, this technique progressively developed

from frame-based [2, 3] to frame-less (or less framed) setup

Stereotactic biopsy is a robust technique, representing one
of the most important and minimally invasive procedures to
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[4—6] with the aid of instrument holders, trajectory guides,
lockable, or robotic arms [7, 24] to grant accurate targeting
and to ease the workflow.

Despite the frame-based technique is still considered the
gold-standard for a stereotactic approach to the brain, frame-
less devices progressively evolved. Frame-based techniques
are considered troublesome by several factors, such as frame
structure, patient’s discomfort, imaging after frame placement,
calculations of the entry point, prolonged surgical time, and
risk of infection at the frame’s fixture points [34]. Therefore,
frame-less procedure has been becoming a useful choice for
their easiness of use and comparable diagnostic yield [1, 16].

Neuroimaging advancements further benefited the stereo-
tactic approach, contributing to increase both the diagnostic
yield and the safety by allowing accurate planning and intra-
operative check of sampling at the correct target with several
approaches [11, 32, 45]. Both morphological and metabolic
imaging, such as conventional and advanced MRI [14, 39]
and positron-emission tomography (PET) with dedicated ra-
diotracers [26] can now be co-registered and uploaded in the
navigation system and used as image-guidance to target the
most informative lesion area and thus grant an optimal
diagnosis.

In fact, when microsurgical resection is not indicated, ste-
reotactic biopsy is crucial for obtaining a definite histopatho-
logic diagnosis in order to select the appropriate therapeutic
modality for a specific patient and his/her pathology.

In addition to histopathology, recent refinements of the
World Health Organization (WHO) Classification of Tumors
of the Central Nervous System (CNS) established the need of
stratification through molecular features [19, 27, 37] for a
conclusive diagnosis. In particular, the status of isocitrate de-
hydrogenase (IDH) 1 and 2, the codeletion of complete chro-
mosome arms 1p and 19q and the methylation status of the
O°-methylguanine-DNA-methyltransferase (MGMT) gene
are the most relevant molecular markers for glioma character-
ization [9, 18, 19]. As therapeutic options become increasing-
ly depending upon molecular features for both clinical and
experimental management, an accurate and precise integrated
histo-molecular diagnosis is thus mandatory, especially in a
time where precision medicine looms.

Previous studies explored the feasibility, safety, and experi-
mental and clinical accuracy of a frame-less system with a
lockable arm with real-time visual feedback of the target area
[38] when diagnosis for glioma was based on a previous WHO
classification exclusively based on histological features. We
herein reported a study expanding previous experiences of the
stereotactic biopsy in the updated context of a molecular era of
neuro-oncology. In particular, this study was conceived to as-
sess the performance of the frameless stereotactic biopsy in
providing tissue samples appropriate to meet both the histolog-
ical and molecular demands of the updated diagnostic criteria of
the 2016 WHO CNS tumors classification.
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Materials and methods
Subjects

One hundred and forty (140) adult subjects affected by a le-
sion of unknown etiology affecting the brain not amenable of
microsurgical resection, as established by the consultant neu-
rosurgeons either independently or during weekly institutional
neuro-oncology group discussions, were prospectively en-
rolled from January 2013 to August 2018 [Fig. 1]. All patients
signed an informed consent for the procedure. No patients
underwent open surgical treatment or radiation therapy before
the bioptic procedure. Demographic, clinical, and pathologi-
cal features were collected, along with surgical and patholog-
ical data (Tables 1, 2, and 3). Histology was classified accord-
ing to the 2016 WHO brain tumor classification [27].

Neuroradiological protocol and image processing

MR imaging was performed on a 3 Tesla MR scanner (Siemens
Verio, Germany), as previously described [40]. Lesion volumes
were computed onto volumetric sequences with a semiautomat-
ic segmentation method using iPlan Cranial 3.0 (Brainlab AG,
Munich, Germany). 11-C-MET-PET was available for “hot-
spot” identification in 49 patients (35%), serving as additional
hint for the appropriate selection of the target [26]. The preop-
erative MR and PET imaging dataset were co-registered with a
CT scan, where seven radiopaque fiducials were applied. CT and
MRI were performed within 24 h of surgery. The co-registered
datasets were uploaded to the neuronavigation system and reg-
istration was based on fiducials. A postoperative CT scan was
performed to rule out any acute complication.

Biopsy targets and entry points were planned on MRI with
contrast enhancement and 11-C-MET-PET hot spots, when
available. In order to avoid larger vessel damage, trajectories
were controlled for any crossing vessels in contrast-enhanced
volumetric MR images. Targeted lesion volumes and trajecto-
ry length, from dura mater to the target, were measured.

Frameless stereotactic biopsy

Patients were operated on general anesthesia. After placement in
the 3-point Mayfield head clamp, the procedure was performed
under navigation guidance with on-site planning. The surgical
plan (entry point, biopsy target, and needle trajectory) was de-
termined using Brainlab navigation software module within the
cranial application. After accuracy of the system was confirmed,
a burr hole was placed, and biopsy samples were obtained with
image-guidance using Brainlab Varioguide® frameless stereo-
tactic brain biopsy system; a pre-calibrated needle with two
reflective markers is inserted through the lockable stereotactic
arm with three rotational joints, serving as trajectory guide. The
navigation system provided a real-time visual feedback of the
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Fig. 1 The flow chart describes the approach for newly diagnosed intra-axial lesions and the selection process of the study cohort

position of the sampling window; the system is a not-rigid de-
vice allowing to change the trajectory in any moment during the
procedure, if needed (Fig. 2).

All tissue samples were verified by a pathologist attending
the operating room. In each procedure, the samples’ extraction
was continued until the quantity and the quality of the tissue

Table 1 Lesions
location

Site No. (%)
Side of the entry point

Left 84 (60)
Right 56 (40)
Cerebral lobe

Frontal 51 (36.4)
Temporal 23 (16.4)
Parietal 10 (7.1)
Occipital 4(2.8)
Corpus callosum 27 (19.2)
Diencephalon 9(6.4)
Basal ganglia 7(5)
Cerebellum 9(6.4)

taken were considered suitable for definitive analysis by the
pathologist. Time of occupation of the operating room and the
surgical time, from skin incision to suture, were recorded.

Table 2  Clinical characteristics

Characteristics
Age (%)
<40 18 (12.8)
40-65 68 (48.6)
> 65 54 (38.6)
Mean age (range) 58.68 (17-86)
Sex (%)
Male 73 (47.9)
Female 67 (52.1)
11-C-MET-PET available (%) 49 (35%)
Median KPS before surgery (range) 90 (40-100)
Median length of hospital stay (IQR) 5(4-8)
Time in OR (mean + SD) 137.44+24.1
Duration of surgery in minutes (mean + SD) 60.5+23.1
Lesions volume in cm® (mean + SD) 26.09+26.6

(range 0.56-98.83)
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Table 3  Histo-molecular and bioptic results

Histological diagnostic yield (%) 131/140 (93.6)

No. of trajectories (%)
1 137 (97.9)
>1 3.1
Mean Trajectories length in mm £ SD  46.04 +32.54 (range 8.5-140)
Histological diagnosis

Glioma I/I/III/IV/NOS grade 1/6/15/76/12 (total 110)

Lymphoma 13
Metastasis 4
Abcess 2
Germ cell tumor 2
Unconclusive 9

Molecular diagnosis in glioma patients

IDH-1 status obteinded (% of glioma) 108 (98.2)
Mutated 3
Wild type 105
MGMT promoter methylation 96 (87.3)
status (% of glioma)
Methylated 60
Unmethylated 36
1p/19q codelation 6 (30)
(no. of glioma investigated)
Surgical complication (%)
Asymptomatic hemorrhage 8 (5.7)
Abscess 1(0.7)

Surgical complication requiring surgery 3 (2.1)

Both histological and molecular features were collected and
stored prospectively. No retrospective pathological re-
assessment of previously acquired samples were performed.

Statistical analysis

The statistical analysis and the collection of data were per-
formed with IBM SPSS Statistics 22.0 for Mac software
(SPSS Inc., Chicago, IL, USA). Continuous variables were
reported as mean + standard deviation (SD) or median plus
the range between the minimum and the maximum value or
the interquartile range (IQR). Continuous variables were com-
pared with a Student’s ¢ test and categorical variables were
compared with the Fisher exact test. We considered, as statis-
tically significant, a two-tailed p value < 0.05.

Results
Demographic and lesions characteristics

One hundred and forty patients (73 males, 67 females)
underwent the stereotactic frameless procedure. Mean age

@ Springer

was 58.6 years (£ 15.3). Median performance status (KPS)
was 90%, ranging from 40 to 100%. Median length of hospital
stay was 5 days (IQR 4-8). Lesion sites are reported in Table 1
and lesion volumes are reported in Table 2.

Frameless stereotactic biopsy

Targets were selected onto MRI. The mean trajectory length
was 46.04 mm (£32.54) and ranged from 8.5 to 140 mm,
measured from cortical entry to the target. A single needle
pass was used for sequential biopsies taken along the trajec-
tory in all cases but 3; 84 (60%) and 56 (40%) cases were
approached from the left and right side, respectively. Nine
posterior fossa lesions (6.4%), in particular, were approached
through a retro-sigmoidal burr-hole.

The surgical procedure lasted 60.5 min on average (+23.1),
measured from skin incision to complete suture. The time
spent in the operating room, measured from patient entry to
the exit, was 137.44 +£24.1 min.

Integrated histo-molecular diagnosis

The overall diagnostic yield was 93.6%: a definitive histolog-
ical diagnosis was obtained in 131 patients. Grade IV, III, and
II gliomas were reported in 76 (69.1%), 15 (13.6%), and 6
(5.5%) cases, respectively; glioma not otherwise specified
(NOS) was reported in 12 (10.9%) subjects. A B cell Non-
Hodgkin lymphoma was diagnosed in 13 (11.8%) patients; 2
(1.8%) cases of abscess and 2 of germ-cell tumor were report-
ed. One metastasis from melanoma and a colloid cyst were
also diagnosed. The final pathology report resulted inconclu-
sive in 9 cases (6.4%). In this group, five out of eight patients
had a 11-C-MET-PET available for the biopsy planning. No
differences (p >0.05) were recorded in the diagnostic yield
dividing the sample by gender, median age, lesion site, and
11-C-MET-PET availability.

Considering the new classification of the WHO, the power
to characterize three relevant molecular determinants of glio-
mas, such as IDH status, 1p and 19q codeletion, and MGMT
methylation, was also analyzed when applicable. The IDH-1
status was characterized in 108 cases (98.2% in the glioma
group), resulting wild-type in all subjects but 3; MGMT meth-
ylation was characterized in 96 cases (87.3%), resulting pres-
ent in 60 patients, and absent in 36 cases. 1p/19q codeletion
was founded in 6 of the 20 cases of lower grade gliomas (i.e.,
grades II and III) where the material provided by the biopsy
was successfully analyzed in 100% of the cases.

Morbidity
An asymptomatic intracerebral hemorrhage (ICH), detected

by routine postoperative CT scan and requiring mere observa-
tion, occurred in 8 (5.7%) patients. A symptomatic ICH
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11C-MET PET scans are fused to the other MRI scans to increase the
likelihood of targeting the portion of the lesion with an enhanced methi-
onine metabolism, corresponding to an increased cellular turn-over. The
histological evaluation demonstrated a glioblastoma (grade IV WHO),
IDH-1 mutated, MGMT promotor methylated (56%), proliferative frac-
tion (Ki-67): 20%

Fig. 2 Axial (a), coronal (b) and sagittal (¢) post-contrast T1-weighted
and 11-C-MET-PET CT scans (d—f) are co-registered before surgery and
used for trajectory planning. The trajectory is showed (yellow), with the
entry point located in the left middle frontal gyrus and the target, a deep
presumptive high-grade glioma, located in the basal ganglia area. The
sampling window is showed in purple and allows the surgeon to check
the part of the lesion is to be taken and analyzed by the pathologist. The

requiring surgical drainage occurred in 3 cases (2.1%), with
no permanent neurological dysfunction at follow-up. No in-
hospital or 30-day mortality were recorded. There was not
statistically significant correlation between the number and
the occurrence of surgical complication and the patient’s sex,
age (using the median age of 60 years) and the location of the
hemispherical tumors (superficial versus deep location).

We did not observe any statistical significant difference
between the numbers of complication in patients underwent
surgery from January 2013 to April 2016 (6 cases) and pa-
tients underwent the procedure from April 2016 to July 2018
(2 cases).

Discussion

The aim of stereotactic biopsy is to provide the diagnosis of a
cerebral lesion of unknown etiology in an easy, safe, and fast
way. In the present study, we reviewed all the biopsies per-
formed in our institute from January 2013 to August 2018. We

analyzed the safety and the diagnostic yield according to the
new 2016 WHO CNS tumors classification of the frameless
stereotactic biopsy using the Varioguide system to provide
essential histological and molecular features. Bradac et al.,
in a recent prospective and randomized study, showed that
the frameless biopsy procedure has the same trajectory accu-
racy, rate of complications, and diagnostic yield of the frame-
based technique that is still now considered the gold-standard.
Although they showed that the frameless biopsy is better ac-
cepted and tolerated by the patients [10], a conclusive argu-
ment about tolerance to either frame-based or frameless tech-
nique is still controversial.

In the past years, a lot of studies showed the importance of
adding the molecular data to the histological and morphological
evaluation for a better prognostic and therapeutic characteriza-
tion of patients with tumors of the central nervous system. The
data supporting these evidences were so strong that the molec-
ular markers are currently essential in the new 2016 classifica-
tion of the central nervous system tumors [27]. In particular, to
characterize a glial tumor, the pathologist employs the status of

@ Springer



972

Acta Neurochir (2019) 161:967-974

mutation of IDH1/2, the 1p/19q codeletion, and the MGMT
promoter methylation [9, 18, 19, 26, 37, 42]. Therefore, we
focused our analyses on the histological result of the glial lesions
and related molecular investigations, thus expanding previous
findings of the performance of the stereotactic biopsy in con-
temporary neuro-oncology [29].

We obtained a diagnostic yield, defined as “the likelihood
that a test or procedure will provide the information needed to
establish a diagnosis” [22], of 93.6%. This data is comparable
to others reported by different authors [17, 20, 33, 38, 44, 45] .
For example, Khatab et al. [22] reviewed 16 different works in
which 1628 frameless biopsy procedures were analyzed with
an average diagnostic yield of 93.8% (range 87-100%).
Similar result are reported, for example, by Lu et al. [28] with
a diagnostic yield with frameless biopsies 0f 91.8%, also with-
out any statistical significant difference in comparison to
frame-based biopsies (96.9%), and intraoperative MRI-
guided biopsies (89.9%). In addition, these results indepen-
dently confirming previous results of the application of ste-
reotactic frameless biopsy in the context of the 2016 WHO
CNS tumors classification, thus providing more evidence for
supporting the clinical practice [29].

We did not find any demographic or lesion characteristics
associated more likely to a diagnostic yield; in particular, there
was no association with the gender, median age, and lesion site.
We did not found any statistically significant association even
with the availability of 11-C-MET-PET for “hot spot” targeting
and the diagnostic yield [25, 36]. The use of stereotactic PET
may increase the diagnostic yield of brain biopsy, like showed
in several previous studies, but our data does not show this
correlation. The lack of association between the diagnostic
yield and the demographic features, the tumor characteristics
and the availability of PET can be likely explained by the rel-
ative low prevalence of nondiagnostic procedure in our semple.
Khatab et al. showed that patients younger than 30 years were
more likely to obtain a non-diagnostic biopsy. Other reported
predictive factors for non-diagnostic biopsies were right-sided
lesions, long surgical time, and the number of biopsy for single
patient [17]. All the procedures were performed with a pathol-
ogist attending the operating room. Dammers et al., in fact,
showed that the intraoperative frozen-section analysis statisti-
cally improved the diagnostic yield, the number of biopsies
needed, and the operating time [16]. Although a control group
was not available, the high diagnostic yield in the current series
is further determined by the ability to easily adjust the trajectory
according to the visual feedback provided by the navigation
platform and by the frameless setup of the stereotactic arm, in
cases where the pathologist does not find the sample appropri-
ate for final diagnosis.

Among the 110 patients with a histological diagnosis of gli-
oma, the specimen was useful to characterize the status of the
mutation of IDH1/2 in 108 patients (98.2%); the IDH1/2 status
resulted wild-type in 103 patients. This shows that even in the
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molecular era, a needle biopsy is perfectly able to provide the
correct amount of tissue useful for a molecular analysis. The
status of mutation of IDH]1 is an important prognostic factor,
and in the current tumor classification is the first characteristic
that is used to correctly classify the glioma lesions [27].

The analysis of the 1p/19q codeletion was performed ac-
cording to the clinical, radiological, and pathological charac-
teristics. In our study, the 1p/19q codeletion was found in 39
patients with a presumptive glioma, and the analysis was suc-
cessfully performed in all the specimen analyzed. The pres-
ence of the 1p/19q codeletion is a good prognostic factor [12,
13] and drive the pathologist to the diagnosis of an oligoden-
droglial tumor with different implication in terms of postsur-
gical adjuvant treatment and prognosis.

The analysis of the status of methylation of the MGMT
promoter gene was performed in 94 patients with a presence
of 60 patients with a methylated promoter and 34 patients
without methylation. The information derived from the anal-
ysis of the MGMT promoter methylation status from small-
sized specimen obtained by stereotactic biopsies are reliable,
and it can be considered a representation of the whole tumor
tested, as showed by Grasbon-Frodl et al. [21] in patients
undergoing multiple biopsies of the same tumor. Similarly,
different tumor regions show an homogeneous distribution
and concordant findings in the detection of the codeletion of
the 1p/19q [23, 43] with misleading results only in presence of
significant contamination of the sample (for example by blood
or other contaminant).

In our experience, the frameless stereotactic biopsy resulted
a safe technique: we had only 12 (8.7%) cases of surgical
complication in 140 patients and only 3 (2.1%) of them re-
quired a surgical intervention. In one case, we observed a
cerebral abscess at the piking site successfully treated with
medical therapy. We also observed eight small asymptomatic
hemorrhage detected only with the CT scan routinely per-
formed after the procedure. These findings are in line with
other work where the rate or complication varies from 0 to
20% [15, 22, 28, 44]. Analyzing possible cause of complica-
tion, we did not find any correlation with age, KPF, site of
tumor, tumor volume, or other patients or tumors characteris-
tics (all the p > 0.05). This data likely stems from the limited
number of adverse events in our simple that cannot allow to
reach the statistical significance. In fact, as showed by Malone
et al. [30], analyzing big registry with more than 7500 patients
is possible to find some characteristic associated with hemor-
rhagic adverse events like old age, presence of edema, and
hydrocephalus.

The mean time of stay in the operative room in our sample
was 137.44 min (£ 24.1) but analyzing the actual duration of the
procedure, it falls to 60.77 +23.12 min. This mean time duration
is similar to the other centers and series [20, 41] and is important
because a short duration of the procedure is related to shorter
duration of the anesthesia and a shorter exposure to infection.
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We also hypothesized that the occurrence of complications
could have been related to the number of total procedures carried
out in a single center in a given time; however, no statistically
significant difference was observed dividing the current series
into two halves, ruling out the hypothesis of an effect of the
learning curve onto the likelihood of complications.

Conclusion

In the era of the integrated histologic and molecular diagnosis,
the treatment of glial tumors, the most common intra-axial
primitive lesions of the CNS, is strongly determined to their
molecular profile. When a surgical open procedure is not pos-
sible, a stereotactic frameless biopsy is an important tool in the
hands of the neurosurgeon. Our data shows that the stereotac-
tic frameless biopsy is an efficient procedure to provide a
molecular diagnosis that is currently essential for the correct
management of the neuro-oncological patients. This yield
could become even more relevant in the near future, when
multiple therapeutic approaches should become available,
such as immunological or cell-based therapies.
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