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Abstract

Purpose: Since neuronavigation assisted intracerebral biopsy is
an often-used method in deeper and smaller lesions, it may cause
radiological and neurological complications in patients. Also, since
it is @ minimally invasive method, tissue sampling is limited, and a
definite histopathological diagnosis may not be possible for every
biopsy. In this study, we aimed to examine how NNAB results is
affected by the lesion's localization and size.

Material and Method: The files of 41 patients who underwent
neuronavigation assisted intracerebral tissue biopsy between
2016 and May 2021 were reviewed retrospectively. Patients who
underwent biopsy with frameless neuronavigation were included
in the study. The determined parameters were evaluated according
to the localization of the lesions, presence in the eloquent area, and
lesion size.

Results: 20 (63.41%) lesions out of 41 patients included in the
study were localized in the eloquent area, while the lesions of 15
(36.58%) were outside the eloquent area. The mean lesion size was
34%27.76 mm. The tissue samples of 38 (92.68%) patients received
a diagnosis. Postoperative control CT scans showed radiological
complications in 4 (9.75%) patients. Three (7.31%) patients had
postoperative neurological complications. No biopsy-related
mortality was observed.

Conclusion: Adequate planning and examination of radiological
images by both the radiologist and the surgeon before surgery
reduce the risk of radiological and neurological complications
caused by the lesion's small size and eloquent area localization.
Biopsy of the target tissue from more than one quadrant provides
sufficient tissue for histopathological diagnosis and helps to make
a more accurate diagnosis.
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Oz

Amag: Noéronavigasyon ile intraserebral biyopsi siklikla daha derindeki
ve ufak boyuttaki lezyonlarda kullanilan bir yéntem oldugu icin
hastalarda radyolojik ve nérolojik komplikasyonlar olusturabilmektedir.
Ayrica minimal invaziv bir yontem oldugu icin kisith doku ornegi
alinabilir ve buna bagl histopatolojik tani koyulmayabilir. Biz de bu
calismayla ndronavigasyon ile intraserebral biyopsi sonuglarimizin
lezyon lokalizasyonuna ve boyutuna baglh ne kadar etkilendigini
ortaya koymaya calistik.

Gereg ve Yontem: 2016 ve Mayis 2021 yillari arasinda bu yontem
ile opere edilmis 41 hastanin dosyalari retrospektif olarak incelendi.
Galismaya cercevesiz néronavigasyon ile biyopsi alinan hastalar dahil
edildi. Belirlenen parametreler lezyonlarin yerine, hassas bdlgede olup
olmamasina ve boyutlarina gore degerlendirildi.

Bulgular: Calismaya dahil edilen 41 hastanin 26 (%63,41)" sinin
lezyonu hassas bolge, 15 (%36,58)' nin lezyonu ise hassas bolge disi
yerlesimliydi. Lezyon boyutlari ortalama 34x27,76 mm idi. 38 (992,68)
hastanin doku orneklerine tani koyulabildigi tesbit edildi. Operasyon
sonras! ¢ekilen kontrol BT lerde 4 (%9,75) hastada radyolojik olarak
komplikasyon goruldd. 3 (%7,31) hastada ise operasyon sonrasi
norolojik  komplikasyon mevcuttu. Cerrahiye bagli mortaliteye
rastlanmadi.

Sonug: Cerrahi 6ncesi iyi planlama ve radyolojik gérinttlerin hem
radyolog hem de cerrah tarafindan iyi incelenmesi lezyonun hassas
bolgede ve kii¢tik boyutta olmasinin getirdigi radyolojik ve nérolojik
komplikasyon riskini azaltmaktadir. Hedef dokudan birden fazla
kadrandan biyopsi alinmasi histopatolojik tani icin yeterli doku elde
edilmesini saglar ve dogru tani koyulmasina ¢ok daha fazla yardimci
olur.
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INTRODUCTION

Neuronavigation assisted biopsy (NNAB) is a minimally
invasive method that has been used more frequently with the
development of technology for cerebral lesions that cannot
be operated on with open surgery or that do not require
surgery but need tissue diagnosis.! Excision with craniotomy
is very convenient in patients with a deep-localized lesion,
lesions located in more eloquent areas, small lesions, and/
or high comorbidities. Besides, it helps to obtain accurate
tissue diagnosis of diseases with challenging diagnosis and
whose primary treatment is not surgical, such as primary
central system lymphoma or neurodegenerative diseases. In
particular, NNAB procedures performed without a stereotaxy
frame have become highly preferred due to the patient's
comfort and less complication risk.?

Through this method, it is imperative to take a sufficient
amount of tissue sample from the right place without harming
the patient. Although special magnetic resonance imaging
(MRI) is used for this purpose and pre-intervention plans are
made, neurological and/or radiological complications may
develop due to the small lesion sizes and lesion localization
such as the motor cortex, basal ganglia, thalamus, or corpus
callosum.®! Also, inadequate or inaccurate pathological results
may occur.

To the best of our knowledge, we did not find such a detailed
study about frameless NNAB, especially based on the location
and size of the lesion. In this study, we examined how the
success of NNAB procedures performed in our clinic is affected
by the localization and size of the lesion.

MATERIAL AND METHOD

The study was carried out with the permission of Selcuk
University Rectorate Local Ethics Committee (Date: 09.06.2021,
Decisionno:2021/35). All procedures were performed adhered
to the ethical rules and the Helsinki Declaration of Principles.

The files of 41 patients who underwent neuronavigation
assisted intracerebral biopsy in our clinic between 2016
and May 2021 were reviewed retrospectively. Patients who
underwent NNAB without stereotaxy frame were included
in the study. The gender, age, pre-operative presence of
neurodeficiency, anatomical localization, and size of the
intracerebral lesion/lesions were evaluated. The anatomical
localization of the lesions was divided into two groups as
the eloquent area or not the eloquent area. Deeply located
lesions, such as the motor cortex, basal ganglia, internal-
external capsule, thalamus, caudate nucleus, corpus callosum,
and Wernicke-Broca that are likely to cause neurodeficiency
in the patient, were defined as eloquent areas (Figure
1). Also, whether the lesions were multiple, whether the
primary of the lesion was known or not, the reported MR
spectroscopy results before the operation, and the pathology
reports of the tissue samples were examined. Postoperative
computed tomography (CT) scans were performed to

determine whether there were radiological complications
and how much the cystic contents of cystic lesions could be
evacuated. Additionally, it was determined by examining
the neurological examinations after the operation whether
there were neurological complications related to the
procedure. The presence of any wound complication was also
examined. Patients' postoperative length of hospitalization in
Neurosurgery Clinic and in the hospital was also determined.

Figure 1. (A) Hyperintense lesion in the right basal nucleus on contrast-
enhanced T1 sequence axial MRI, (B) coronal MR, (C) sagittal MRI, (D) The area
of the biopsy taken from the lesion in the postoperative early control cranial
CT (red arrow), (E) Visualization of the entry point and burr hole plaque in the
bone section of postoperative early control cranial CT (yellow arrow)

Surgical Technique

Standard procedure was used for each patient. Appropriate
images were selected after the navigation compatible MRI
taken the evening before the operation of the patients and
were loaded into the neuronavigation device. Planning was
done by selecting the entry point and the target point in a
way that the lesion could be reached in the shortest possible
way without causing any complication to the patient on the
device’s computer. During the planning, special attention
was paid to the absence of intracerebral vascular structures
in the trace reaching the target. Under general anesthesia,
the patients' heads were fixated by a 3-pin spiked Mayfield
to prevent disruption in navigation planning. The patients
were given the appropriate position. Image matching was
performed with the neuronavigation device.

The operation area of the patients was shaved, and the lesion
was marked in this area. Patients were not administered
any anti-cerebral edema medication during the surgical
procedure. A linear incision of approximately 3 cm was made
by centering the lesion. After reaching the bone tissue, the
lesion location was confirmed by neuronavigation, and one
burr hole was opened to this area with the help of an electric
motor. After the dura was opened in the form of an envelope,
the biopsy arm was fixed to minimize the margins of error
indicated by the navigation device. The biopsy needle length
was adjusted according to the distance to the lesion indicated
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by the neuronavigation device, and the biopsy needle was
introduced through the cannula. Tissue samples were taken
from 4 quadrants of the lesion and were sent to pathology for
histopathological examination. While removing the cannula
and biopsy needle, attention was paid to the presence of
blood at the ends regarding the risk of hemorrhage. The
opened dura was sutured if possible. In all cases, a hemostatic
sponge was placed on this area. The bone powder obtained
during the opening of the burr hole was filled in this area,
and the round bone plate was fixed in the bur hole area.
Galea was unconditionally sutured (Figure 2). The patients
were extubated in the operating room and taken to the
Neurosurgery Intensive Care Unit.

Figure 2. (A) Targeting and trajectory of the lesion on the monitor of the
peroperative neuronavigation device, (B) Fixation of the biopsy arm by
targeting the lesion, (C) Taking a biopsy with a biopsy needle, (D) Tissue
sample taken at the tip of the biopsy needle, (E) Quantity of tissue samples
from 4 quadrants, (F) Closure of the burr hole with a plaque after the
completion of the biopsy

Statistical Analysis

Statistical analyzes were performed using SPSS version
18.0. The Chi-square test was used to compare categorical
measurements. Fisher's Exact test result was interpreted in the
presence of a cell with less than 5 in frequency in 2x2 tables in
the chi-square test. Likelihood Ratio statistic was interpreted
if there was no 2x2 table and less than five frequencies. The
Mann-Whitney U test was used for comparisons with the
pathology results since the variables of age, lesion size, and
length of stay in the hospital were quantitative data.

RESULTS

The mean age of 41 patients included in the study was 57.31
(minimum 11, highest 78) years. Twenty-five patients (60.97%)
were female, and 16 were male (39.02%). Preoperatively,
22 (53.65%) patients had low Glasgow Coma Score (GCS)
and/or neurodeficiency. Intracerebral lesions were multiple
localized in 10 (24.39%) patients. Lesion biopsy localizations
were as follows; corpus callosum localization in 7 (17.07%),
right basal ganglia in 4 (9.75%), left basal ganglia in 1
(2.43%), the right caudate nucleus in 2 (4.87%), left caudate
nucleus in 1 (2.43%), right thalamus in 5 (12.19%), and left

thalamus in 3 (7.31%). Also, lesion biopsies were taken from
right frontal in 3 (7.31%) patients, left frontal in 6 (14.63%)
patients, right parietal in 3 (7.31%) patients, left parietal 1
(2.43%) patient, left occipital in 2 (4.87%) patients, the right
temporooccipital in 1 (2.43%) patient, and left temporal in
2 (4.87%) patients. 26 (63.41%) of these lesions were in the
eloquent area, and 15 (36.58%) were outside the eloquent
area. When the cerebral region of the lesion and whether the
tissue samples were histopathologically diagnosed or not, no
statistically significant relationship was found between two of
them (p>0.05) (Table 1). When we examine the relationship
according to the presence of the lesion in the eloquent area or
outside of the eloquent area and whether the tissue samples
were histopathologically diagnosed or not, no significant
relationship was found statistically again (p>0.05) (Table 2).

Table 1. The statistical relationship between the location of lesions that

have been biopsied and whether these lesions have a pathological
diagnosis

Pathological
Diagnosis Total
No Yes
n 0 7 7
Corpus Callosum
% 0.0% 100.0% 100.0%
n 0 4 4
Right Basal Nucleus
% 0.0% 100.0% 100.0%
n 1 2 3
Right Frontal Lobe
% 33.3% 66.7% 100.0%
n 0 2 2
Right Caudat Nucleus
% 0.0% 100.0%  100.0%
n 0 2 2
Right Occipital Lobe
% 0.0% 100.0%  100.0%
n 1 2 3
Right Parietal Lobe
% 33.3% 66.7% 100.0%
n 0 5 5
Right Thalamus
lesion % 0.0% 100.0%  100.0%
location n 0 1 1
Right Temporooccipital
% 0.0% 100.0%  100.0%
n 0 1 1
Left Basal Nucleus
% 0.0% 100.0% 100.0%
n 0 6 6
Left Frontal Lobe
% 0.0% 100.0% 100.0%
n 0 1 1
Left Caudat Nucleus
% 0.0% 100.0% 100.0%
n 0 1 1
Left Parietal Lobe
% 0.0% 100.0% 100.0%
n 0 3 3
Left Thalamus
% 0.0% 100.0%  100.0%
n 1 1 2
Left Temporal Lobe
% 50.0% 50.0% 100.0%
n 3 38 41
Total
% 7.3% 92.7% 100.0%

Likelihood Ratio=11.054 p=0.606
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Table 2. Statistical relationship between the presence of lesions in the

sensitive area and whether these lesions can have pathological diagnosis

Pathological Diagnosis

Total
No Yes
n 1 14 15
No
Eloquent % 6.7% 93.3% 100.0%
Region n 2 24 26
Yes
% 7.7% 92.3% 100.0%
n 3 38 41
Total
% 7.3% 92.7% 100.0%

Fisher's Exact Test p=1.000

The mean lesion size was 34x27.76 mm. There was no
statistically significant difference between the size of the
lesions and the adequacy of the amount of tissue sample for
histopathological diagnosis. (p>0.05) (Table 3). The primary
diagnosis of 3 (7.31%) patients was lung cancer; the rest
of the patients were undiagnosed. When the results of MR
spectroscopy taken before the operation were examined, it
was found that the preliminary diagnosis of 11 (29.72%) lesions
was undecided (3 grade 3 glial masses, 2 grade 2 glial masses, 2
lymphomas, 3 metastases, 1 vasculitis), and the diagnosis of 26
(70.27%) lesions was sure (17 glioblastoma multiforme (GBM),
4 metastases, 2 lymphomas, 1 grade 2 glial masses, 1 abscess,
1 demyelinating disease). It was determined that 4 patients
did not undergo MR spectroscopy before the operation.
When the pathology results were examined, it was seen that
the tissue diagnosis of 3 (7.31%) patients was uncertain (2
necrotic tissue, 1 insufficient sample), tissue samples taken
by NNAB of 38 (92.68%) patients were found to be able to
diagnose (19 GBM, 2 grade 2 glial masses, 6 lymphomas, 3
grade 3 glial masses, 4 metastases, 2 demyelinating diseases,
2 abscesses). When the diagnoses of the patients who had
both MR spectroscopy and pathology results were compared,
the radiological and pathological diagnoses of 27 (72.9%)
patients were compatible with each other. The lesions of 8
(19.51%) patients were cystic. It was determined that the
cystic lesions of 6 (75%) patients were evacuated grossly by
the NNAB procedure. CT scans taken in the first 24 hours
after the operation revealed radiological complications in 4
(9.75%) patients (2 site hematoma, 1 ventricular hemorrhage,
1 trace hematoma). No relationship was found between the
radiological complications after the operation and the location
of the lesion and whether it was in the eloquent area or not
(p>0.05) (Table 4, Table 5). In the postoperative neurological
examinations of the patients, neurodeficiency was detected
in 3 (7.31%) patients; permanent in 1 patient and temporary
in 2 patients. No significant relationship was found between
the neurological complications after the operation and the
location of the lesion and whether it was in the eloquent
area or not (p>0.05) (Table 4, Table 5). Of the three patients
with neurological deficit, 2 (66%) patients had radiological
complications. Besides, it was statistically shown that the
size of the lesion was not associated with the development
of neurologic and radiological complications after the
operation (Table 3). No procedure-related mortality was

detected in the patients included in the study. Postoperative
wound complications were detected in 2 (4.87%) patients, 1
of whom was cerebrospinal fluid (CSF) leakage, and the other
was local wound infection. It was observed that these wound
problems were resolved with simple interventions. The mean
postoperative length of hospital stay of the patients was 9.91
days. There was a significant difference between the length
of hospital stay of the patients and the length of stay in the
Neurosurgery Clinic since approximately 56% of the patients
included in the study were consulted from other clinics and
were taken over from these clinics before the procedure
and transferred back to these clinics after the procedure.
Considering the length of hospital stay due to the NNAB
procedure, it would be more accurate to evaluate the length
of stay in the Neurosurgery Clinic (Table 6). This period was
an average of 4.39 days. No statistically significant difference
was found when the length of stay in Neurosurgery Clinic
was compared according to whether the lesion was in the
eloquent area or the size of the lesion (p>0.05).

Table 3. Statistical relationship between size of biopsy lesions and

presence of postoperative radiological complication, postoperative
neurological complication and pathological diagnosis

Mann-
Lesion Size (mm?) n Mean Median Whitney Test
(p)
Postoperative Radiological No 37 806 450 0629
Complication Yes 4 188 875 ’
Postoperative Neurological No 38 928 497 0.920
Compliacation Yes 3 704 420 :
i i X No 3 454 497
Pathological Diagnosis 0.652
Yes 38 947 437

Table 5. The statistical relationship between the presence of lesions in the

sensitive area and whether postoperative radiological complication and
postoperative neurological complication

Postoperative

Postoperative

Radiological Neurological
Complication  Total  Complication  Total
No Yes No Yes
N n 14 1 15 15 0 15
o
Eloquent % 933% 6.7% 100.0% 100.0% 0.0% 100.0%
Region ves " 23 3 26 23 3 26
es
% 885% 11.5% 100.0% 885% 11.5% 100.0%
n 37 4 41 38 3 41
Total
% 902% 9.8% 100.0% 92.7% 7.3% 100.0%
Fisher’s Exact Test Fisher’s Exact Test
p=1.000 p=0.287

Table 6. The statistical relationship between the presence of lesions in

the eloquent area and stay in neurosurgery clinic, lesion size and stay in
neurosurgery clinic.

Stay in Neurosurgery  Fisher's
Clinic (Day) Exact Test
n:15
No 3G 433
Eloquent 0: 56.
Region %6 p>0.05
Yes 4.41
%: 63.5
Lesion Mean Size N<911mm? e p>0.05
(mm?) n>911mm? ’
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Table 4. The statistical relationship between the location of lesions that have been biopsied and whether postoperative radiological complication and

postoperative neurological complication

Postoperative Radiological

Postoperative Neurological

Complication Total Complicaiton Total
No Yes No Yes
n 6 1 7 7 0 7
Corpus Callosum
% 85.7% 14.3% 100.0% 100.0% 0.0% 100.0%
. n 3 1 4 3 1 4
Right Basal Nucleus
% 75.0% 25.0% 100.0% 75.0% 25.0% 100.0%
. n 3 0 3 3 0 3
Right Frontal Lobe
% 100.0% 0.0% 100.0% 100.0% 0.0% 100.0%
i n 2 0 2 2 0 2
Right Caudat Nucleus
% 100.0% 0.0% 100.0% 100.0% 0.0% 100.0%
. - n 2 0 2 2 0 2
Right Occipital Lobe
% 100.0% 0.0% 100.0% 100.0% 0.0% 100.0%
. X n 3 0 3 3 0 3
Right Parietal Lobe
% 100.0% 0.0% 100.0% 100.0% 0.0% 100.0%
. n 4 1 5 5 0 5
Right Thalamus
X . % 80.0% 20.0% 100.0% 100.0% 0.0% 100.0%
Lesion Location
. . 1 0 1 1 0 1
Right Temporooccipital
% 100.0% 0.0% 100.0% 100.0% 0.0% 100.0%
n 1 0 1 1 0 1
Left Basal Nucleus
% 100.0% 0.0% 100.0% 100.0% 0.0% 100.0%
n 6 0 6 6 0 6
Left Frontal Lobe
% 100.0% 0.0% 100.0% 100.0% 0.0% 100.0%
n 1 0 1 1 0 1
Left Caudat Nucleus
% 100.0% 0.0% 100.0% 100.0% 0.0% 100.0%
. n 1 0 1 1 0 1
Left Parietal Lobe
% 100.0% 0.0% 100.0% 100.0% 0.0% 100.0%
n 2 1 3 1 2 3
Left Thalamus
% 66.7% 33.3% 100.0% 33.3% 66.7% 100.0%
n 2 0 2 2 0 2
Left Temporal Lobe
% 100.0% 0.0% 100.0% 100.0% 0.0% 100.0%
n 37 4 41 38 3 41
Total
% 90.2% 9.8% 100.0% 92.7% 7.3% 100%
Likelihood Ratio Value=7.151 p= 0.894 Likelihood Ratio Value=13.147 p=0.437
DISCUSSION Especially in the biopsy of lesions located in eloquent areas,

The most important criteria that distinguishes NNAB from
surgery performed by craniotomy is to obtain sufficient
tissue samples from lesions in deep-seated, small-sized, and
so-called eloquent areas. Also, it does not cause additional
morbidity or mortality in patients with high comorbidity/
comortality. Although the use of this method has increased
considerably in these respects, morbidity rates vary between
1.3% and 27.8%, and mortality rates vary between 0.7%
and 3.9%.2% In our study, there was no mortality related
to the biopsy procedure, and the morbidity rate was
7.1%. Although our morbidity rates were not statistically
significant according to the location of the lesions and their
presence in the eloquent area, they were lower than most
of those reported in the literature.? Since more than half
of the patients included in the study [22 (53.65%) patients]
had pre-operative neurodeficiency and 63.41% of the biopsy
taken lesions were in the eloquent area, we believe that it is
important that our morbidity remains at 7.1%.

the possibility of morbidity increases as the size of the lesion
decreases.” In our study, it was found that postoperative
neurological complications developed in 2 (13.3%) out of 15
patients, especially with lesions of 20x20 mm or smaller. This
rate is above our general morbidity rate. The lesion of 1 of these
patients was located in the basal nuclei, while the other was
located in the thalamus. In more than 90% of the studies in
the literature, the sizes of the lesions that were biopsied were
over 1 cm, which is also consistent with our study.? However,
contrary to our study, there are also studies stating that biopsies
performed using a framed head may be more efficient and safe
since the lesion size is small.*” This also applies to the deeply
located lesions and lesions in eloquent areas.*# However,
the advantages of the two methods over each other are not
clear in the literature due to the fact that the results of the
frameless method in recent studies are as good as the frame-
based method results and that the frame-based method
has disadvantages for patient comfort, difficulty in imaging,
prolonging the surgical time, and the risk of infection.[21%
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Radiological complications canalso be seenin patients without
postoperative neurologic complications. As a radiological
complication, hemorrhage in the biopsy trace or bleeding into
the biopsy taken lesion can be seen (Figure 3)."" Although
these bleedings do not increase most of the time, they can
lead to dramatic results such as hematoma needing discharge
by craniotomy, neurodeficiency, and even death.!" Therefore,
control cranial CT is performed in the first 3 hours after biopsy
in our clinic for early diagnosis, follow-up, and treatment. In
this study, we detected hematoma in 4 (9.75%) patients after
the process. However, 2 of them (1 intralesional hematoma,
1 contusion on trace line) had neurological complications.
None of these patients required reoperation since there was
no increase in hematoma and neurodeficiency in the follow-
up CT scans. Special attention should be paid to biopsy
targeting and the absence of vascular formation in the trace
to be passed, apart from considering the use of anticoagulant
or antiaggregant in patients to prevent such bleeding. Hence,
it is necessary to examine the MR images adequately while
making the plan. Also, the nature of the lesion from which
the biopsy was taken should be considered.”? The MRI must
be taken before the surgery should be interpreted correctly
in this respect. In lesions of unknown primary, accurately
interpreted radiological examinations can give clues to the
surgeon whether the lesion is bleeding or not.

Figure 3. (A) The appearance of the lesions as hyperintense in contrast-
enhanced T1 axial MRI, (B) Hematoma appearance in the biopsy area in
postoperative early control cranial CT.

In our study, the harmony between the preliminary diagnosis
stated in MRI spectroscopy and the histopathological diagnosis
after the biopsy was approximately 73%. In order to make
the correct tissue diagnosis, it is necessary to take sufficient
tissue samples from the right part of the lesion. Accurate
histopathological diagnosis of the lesion and accurate grading
of neuroglial masses is vital for patients to receive valid
oncological treatment."? However, the amount of tissue samples
that can be taken with the NNAB method is very limited due to
the thinness of the biopsy needle (Figure 2).

Therefore, if the biopsy is not taken from the targeted lesion
are with sufficient quantity, tissue samples can be taken
from the cerebral tissue, necrotic part, or areas where the
mass grade is low. To prevent this, tissue samples should be

taken from different quadrants of the target point (Figure 2).
However, there are not enough deterministic studies on this
subject in the literature.” Our practice is to take a biopsy by
rotating the biopsy needle 360 degrees in 4 quadrants. This
situation brought the success of histopathological diagnosis
with a rate of 92.68% (Figure 1). Although there are different
statements about this rate in the literature, the highest rates
vary between 84% and 100%.2'” We think that the correct
interpretation of current MR images by the neuroradiologist
is important to increase the accurate histopathological
tissue diagnosis. It is also very useful to define the highest
graded part of the lesion to the surgical team and plan the
biopsy target accordingly. Besides, a plan can be made by
determining the target in more than one way from a single
burr hole to increase the histopathological accuracy of
the biopsy. However, it should not be forgotten that each
additional intervention to the cerebral tissue increases the
risk of complications.!?

The cerebral tissue in which the lesion is located and the
size of the lesion are also important for the accuracy of
histopathological diagnosis.'” When the lesion is located in
the eloquent area and/or is small in size, the complication risk
increases; therefore, sampling from more than one quadrant
can be avoided.>'? Also, the deeper the lesion and the farther
from the cortical area, the greater the amount of cerebral
tissue to be passed. Besides, the inconsistency of the cortical
anatomy, which corresponds to the entry point in the shortest
route plan to reach the lesion, may cause the location of the
cortical entry point to be changed and increase the distance
to the target. In this respect, some centers perform the biopsy
planning on functional MR images to protect the more
functional areas of the brain.®

Also, depending on the patient’s brain tissue structure
(atrophicity, large cisterna, etc.), the ventricle, and important
vascular structures close to the lesion, there may be shifts
in different directions from the targeted area on the lesion.
In our study, 2 (66.6%) lesions out of the three patients
who could not get a histopathological diagnosis were in an
eloquent area and deeply located. Besides, the mean size of
lesions that could not be diagnosed histopathologically (454
mm?) was smaller than the mean sizes of all lesions in the
study (911 mm?).

Obtaining sufficient tissue samples with NNAB can be
challenging when the solid part of the lesion is too small,
and the lesion is dominantly cystic. The cystic part was more
common in the lesions of 8 patients in our study. 2 (66.6%)
out of the three lesions that could not be diagnosed due to
insufficient tissue samples had cystic structure. One of these
lesions was in the eloquent area, and the other was not. Also,
2 of these lesions did not have an apparent solid component.
Hence, if the cystic content aspirated by the NNAB method is
not histopathologically diagnostic, it may unfortunately also
be a disadvantage. However, we have experienced that cystic
contents could be drained totally with the NNAB method; 6
(75%) of the cystic lesions in our study were almost totally
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drained in the early control CT scans taken after the operation.
The lack of studies in the literature on the approach to cystic
lesions with the NNAB method is also noteworthy.

In multiple lesions, having more options to obtain sufficient
tissue and reaching the target without any problems is an
advantage. The lesion should be chosen according to its
proximity to the cortex, distance from important structures
in the cerebral tissue. Also the largest lesion or the lesion
with the most suitable nature for accurate diagnosis should
be preferred if possible.'*' In our study, the mean size of
the multiple lesions was 963.8 mm?, which was close to the
overall mean size of all lesions. Therefore, biopsy tissues taken
from this group were sufficient in quantity, and pathological
diagnoses could be made in all of them. In addition, there
was only one patient (10%) with multiple lesions who had
postoperative radiological and/or neurological complications.
The lesion that could not be diagnosed due to insufficient
tissue sample was not present in this group.

Although there is not enough data in the literature, the mean
length of hospital stay of the patients who underwent the
NNAB method included in our study was 4.39 days, which was
significantly below the mean existing data.'” This indicates
that the procedure-related morbidity is low. Despite the
multiplicity of lesions located in the eloquent area from which
the biopsy was taken, the average length of hospital stay in
our study makes the procedure's minimal invasiveness even
more significant.

The results of our study include many important details
that will lead to other studies related to the NNAB method.
However, no statistically significant difference was found
due to insufficient sample size in most of the parameters.
According to our literature review, that this situation was also
experienced in other trials.!

CONCLUSION

Although many factors affect the success of neuronavigation
and intracerebral biopsy, the lesion's location, adjacency,
and the size of the lesion are also important, as supported
by the numerical data results of our study. Good planning
before surgery and a detailed examination of radiological
images by both the radiologist and the surgeon reduces the
risk of radiological and neurological complications caused
by the lesion's small size and eloquent localization. Through
frameless NNAB, it is possible to achieve the same success
as frame-based NNAB without causing additional morbidity
and mortality. As in our study, a biopsy of the target tissue
from more than one quadrant provides sufficient tissue
for histopathological diagnosis and helps to make a more
accurate diagnosis. With this method, it is also possible to
drain cystic lesions significantly regardless of their location
and size.
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