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ABSTRACT

Localisation of brain lesions and prevention of damage to vital structures are
important goals in the operation of brain pathologies, which can be aimed after the
development of many techniques (e.g. angiography, MRI, sonography, frame base
stereotaxy). In spite of current developments in radiological imaging techniques,
accurate histological diagnosis is required to determine the appropriate treatment
methods for intracranial lesions.

The study was conducted in the Department of Neurosurgery, Dr Ram Manohar
Lohia Institute of Medical Sciences, over a period of 18 months. Descriptive statistics
(frequencies and percentages) were used to interpret the collected data. After editing,
data was entered into SPSS free versions for statistical studies. The results from
various sites of the biopsy were compared based on sensitivity, specificity, positive
and negative predictive values.

In this study, 4 patients were found to be below 20 years, 7 patients in the 20 - 40
years age group, 10 patients in the age group of 40 to 60 years and 4 patients were
above sixty years. 22 (88%) patients were found to have positive yield when the biopsy
was taken from the core area while 3 (12%) patients were not having any positive
results from the biopsy. Sensitivity, specificity, positive predictive value, and negative
predictive value of various sites of the biopsy were calculated Sensitivity of the
periphery came out to be 68.2 % while specificity was 67.7%. The positive predictive
value of the periphery was found to be 93.8 % while the negative predictive value was
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22.2%. The sensitivity of the contrast-enhanced area came out
to be 72.7 %, with specificity being 67.7%. The positive
predictive value of periphery in such cases was found to be 94.1
% and the negative predictive value was 25%. The most
common system-related complication was the inability to show
choline peak properly, which was present in 7 patients.

Hence, it can be concluded safely that the use of
neuronavigation is beginning to have a vital role in a variety of
intracranial procedures with precise localisation of both
intracranial as well as spinal lesions and prevention of damage
to vital structures intraoperatively thereby significantly
reducing procedure-related morbidity and mortality.

INTRODUCTION
Recently, there has been an increasing trend in most
branches of surgery towards a reduction in the
morbidity of a procedure by limiting surgical entry.
This usually involves the application of technology
such as laparoscopic cholecystectomy in general
surgery'. A new era of neurosurgery has recently
been unveiled with advent of image guided surgery..
Nowadays, a lot of of patients suffering from
neurological focal deficiency or symptoms of
increasing intracranial pressure or even for patients
with slighter symptoms are being correctly
diagnosed due to advent of technique such as
computed tomography (CT) scan and magnetic
resonance imaging (MRI) 2%, Furthermore, advances
in the therapeutic methods and increasing number
of survival in patients with systematic diseases,
resulted in the development of metastasis into the
central nervous system or high incidence of CNS
infections, which are partly due to high confrontation
with immune system deficiency (due to Acquired
Immunodeficiency Syndrome (AIDS) or following
immunosuppressive treatment in the recipients of
transplantation or in patients under chemotherapy
for systematic cancer); diversity and the number of
CNS neuro-pathologies has increased requiring the
needs for the more accurate detailed differential
diagnosis of histology and cytology of cerebral space-
occupying lesions (SOLs)*>. In most of the patients, it
is possible to diagnose the brain lesions accurately
through clinical and laboratory findings. Examples
are multiple sclerosis, secondary infectious and
parasite diseases, metastatic tumors and brain
involvement of systemic disease. But ,numerous
brain lesions that are diagnosed in CT scan or MRI
are the only provable documents for the disease and
their treatment designing depends on the
histological diagnosis®’

MATERIALS AND METHOD

The study was conducted in Department of
Neurosurgery, Dr. Ram Manohar Lohia Institute of
Medical Sciences, over a period of 18 months.Total
of 25 patients admitted in Neurosurgical wards
underwent thorough examination and investigation.
The inclusion and exclusion criteria used for study
are as follows:

Inclusion Criteria

> Deep seated Lesions situated in basal ganglia,

internal capsule, corpus callosum, periventricular

areas, brain stem

Lesions located in eloquent areas.

» Lesions refractory to an empirical therapy given
previously.

» Diagnosis could not be ascertained by radiology
(e.g., multiple lesions)

Y

Exclusion Criteria

> Large lesions in non-eloquent and easily
accessible areas amenable to surgical excision.

» Lesions producing mass effect and neurological
deterioration

» Lesions near the surface of brain

Contrast enhanced CT scans/ MRI of the patients was
taken in neuronavigation protocol one day prior to
surgery. Histological examination was performed in
the Department of Pathology. Radiological support
was provided by Department of Radio diagnosis at
institute. CT and MRI were done according to
feasibility based on location of tumor, status of stent
or metallic stents. The data was stored in CD. DVD in
DICOM format and transferred to workstation for
planning. Descriptive statistics (frequencies and
percentages) were used to interpret the collected
data.. After editing, data were entered into SPSS Free
versions for statistical studies and analysis of the
data was done by comparing all the details in the
form of tables, texts and charts. Finally,the results
from various sites of biopsy were compared on basis
of sensitivity, specificity ,positive and negative
predictive value.

RESULTS AND OBSERVATIONS

Table 1. Sex ratio of patients

Sex Number of patients

Male 15
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Female 10

Total 25

Table 1 shows the distribution of patients according
to gender between. 10 patients were found females
and 15 patients were found male.

Table 4B. 16 (64%) patients having positive yield when biopsy
was taken from periphery area 9 (36%) patients were not
having any positive result of biopsy. Out of these 16 patients 9
(36%) were diagnosed to be glioma, 3 (12%) were having
abscess, 2 (8%) were diagnosed as NHL and 2 (8%) were having
TB.

PERI PHERY Freq. Per cent Cum

Table 2. Age distribution of patients No | esion 9 36. 00 36. 00

Gl ioma 9 36. 00 72. 00

SN Age distribution Number Abscess 3 12.00 84.00

NHL 2 8.00 92. 00

1 0-20 4 B 2 8.00 100. 00
2 20-40 7 Tot al 25 100. 00

3 40-60 10
Table 4C. 17 (68%) patients having positive yield when biopsy
4 60 and above 4 was taken from periphery area 8 (32%) patients were not

Table 2 showing that 4 patients were below 20 years.
7 patients were found in 20 - 40 years age group, 10
patients were found in the age group of 40 to 60

having any positive result of biopsy. Out of these 17 patients 11
(44%) were diagnosed to be glioma, 2 (8%) were having abscess,
2 (8%) were diagnosed as NHL and 2 (8%) were having TB.

CONTRAST ENHANCED
years and 4 patients were above sixty years. PORTI ON Freq. Percent cum
No | esion 8 32.00 32. 00
Table 3. Histological diagnosis Glioma 1 44.00 76. 00
Abscess 2 8.00 84. 00
NHL 2 8. 00 92. 00
SN Histology Number B 2 8. 00 100. 00
1 GBM 6 Tot al 25 100. 00
2 Grade 3 Astrocytoma 4 ) . o )
Table 4D. Due to registration error and inability to get MRl in
3 Low Grade glioma 3 few patients, only 12 (48%) patients underwent biopsy from
4 TBM 4 Choline Peak voxals. While in 13 patients study was not
possible. Out of these 12 patients in 3 (12%) biopsy results
5 Abscess 2 came out as Glioma, while in 9 (36%) patients having no positive
6 NHL 2 yield.
7 Demyelinating disease 1 MRS MARKED SI TE (
8 Negative 3 VOXALS) Freq. Per cent Cum
No |esion 9 36. 00 36.00
Table 4. Histological diagnosis from various sites of biopsy Glioma 3 12.00 48.00
NA 13 52.00 100. 00
Table 4A. 22 (88%) patients having positive yield when biopsy
was taken from core area 3 (12%) patients were not having any Total 25 100. 00

positive result of biopsy. Out of this 22 patients 13 (52%) were
diagnosed to be glioma, 2 (8%) were having abscess, 2 (8%)
were diagnosed as NHL, 4 (16%) were heaving TB and 1 (4%)
patient was diagnosed as Demyelinating disease.

CORE Freq. Percent Cum

No | esion 3 12.00 12.00

Gl i oma 13 52.00 64. 00

Abscess 2 8.00 72.00

NHL 2 8. 00 80. 00

B 4 16. 00 96. 00

Denyel inating disease 1 4.00 100. 00
Tot al 25 100. 00

Table 5. Sensitivity, specificity, Positive predictive value,
Negative predictive value of various sites of biopsy

Table 5A. Sensitivity of periphery came out to be 68.2 % while
specificity was 67.7% and Positive predictive value was 93.8 %
and Negative predictive value of periphery was 22.2%.

Positive Negative
Positive 15 1
Negative 7 2
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Table 5B. Sensitivity of contrast enhanced area came out to be
72.7 % while specificity was 67.7% and Positive predictive value
was 94.1 % and Negative predictive value of periphery was
25%.

Positive Negative
Positive 16 1
Negative 6 2
Table 6. Patient related complication
SN Complication Number
1 Unintentional ventricular 1
puncture
2 Intraoperative haemorrhage | 0
3 Pos.t. operative neurological 0
deficit
4 Post operative seizures 0
5 Surgical site infection 0

During this study only one patient had unintentional
ventricular rapture while no other complication such
as post operative neurological deficit, seizures,
Intraoperative haemorrhage or surgical site infection
was noted. All biopsy were taken in single attempt.

Table 7. System related complication

SN Complication Number
1 Registration error 3
2 System shut down 0
3 Inability to show contrast film 0
properly
4 Inability to show choline peak 7
are properly

During this study the most common system related
complication was Inability to show choline peak
properly, which was present in 7 patients while
registration error was the second most common
system related complication present in 3 patients.

DIscussION
Image guided neurosurgery (neuro-navigation) or
frameless stereotactic surgery has made a

tremendous impact in the recent years. It gives a
patient specific three-dimensional (3-D) Anatomy for
preoperative planning  and intra-operative
navigation thus helping the surgeon to perform

complicated procedures with improved accuracy
and safety® Stereotactic biopsy for intracranial
lesions is a realistic relatively safe procedure and is
also a very efficient method especially in patient who
need histological confirmation for the treatment. The
overall diagnostic accuracy varies from 80-99%° In
this study, out of 25 cases 22 biopsy (88%) came out
to be positive and 3 cases (12%) came out to be
negative which was comparable to previous studies
showing positive yield of 89% and negative yield of
11%'% in deep seated lesions.

In one more study a diagnostic yield of
86.16%''was found which was comparable to
present study and in two other studies on frameless
navigation guided biopsy, positive yield of 99%'2'3
was found. There was a study based on frame-based
navigation guided biopsy which was showing
positive yield of 84.21%, which was comparable to
present study with positive yield of 88%'4. In previous
studies, discrepansy was noted in results of biopsy
taken from central hypodense and well contrast
enhanced area .So we took biopsy from various sites
to look for efficacy from different areas, biopsy from
core revealed 22(88%) positive results while 3(12%)
were negative.In positive 22 cases, 6 cases of GBM, 4
cases of grade 3 anaplastic or grade 3 giomas, 3
cases of Low Grade Gliomas, 4 cases of TBM,2 cases
of NHL, 2 cases of abscess and 1 case of demyeliting
disease while 3 having negative biopsy.Biopsy taken
from periphery sites having 16 (64%) positive results
while (36%) were negative in positive results 9 cases
were glioma, 3 were abscess, 2 were NHL and 2 were
T.B. In contrast enhanced area 17 cases (68%) were
positive while 8(32%) were negative, in which
11(44%) were glioma, 2(8%) were NHL ,2 were
abscess and 2 (8%) were TB.In MR marked (voxols)
there were only 12 cases out of which 3 (25%) were
positive and 9(75%) were negative and these are all
gliomas.

In our study 22 (88%) patients were having
positive yield which was taken from core region while
on comparing periphery region biopsy from core
region biopsy, periphery was having 16(68%) yield
with sensitivity of 68.2% specificity of 67.7% positive
and negative predictive value of 93.8 and 22.2% in
comparision to core while contrast enhanced area
having a positive yield of 17(72.5%) with sensitivity of
72.7% specificity of 67.7% positive and negative
predictive value of 94.1% and 25% respectively. In
comparision to core, only 12 cases underwent biopsy
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of MRS with choline peak voxals as few patients were
not co-operative so MRI was not possible in these
cases and also in few patients there was problem in
marking Choline Peak area accurately in neuro-
navigation system.

The complications in this series range from
registration error, accurately localizing Choline peak
area on navigation machine, Unintentional
ventricular puncture, intra-operative haemorrhage,
post operative neurological deficit, post operative
seizures, surgical site infection etc. Registration error
of 2.2 to 6 mm have been reported by Roessler et al
(1998)", in our system it provides more accurate
localization but a registration error of 1 mm was
considered to be acceptable in view of brain shift. In
initial cases we also had difficulty in registering
Choline peak voxals. In our series there was 1(4%)
patient associated with unintentional ventricular
puncture, 3 patients had problem of registration
error and 7 patients had problem of inability to show
Choline peak area properly.

In various other previous studies complication
such as symptomatic haemorrhage, morbidity due
to neurological deficit, and mortality was observed
with rates of 5.1%, 3.7%, 0.6% respectively but in our
study, we had no cases of symptomatic
haemorrhage, neurological deficit associated
morbidity and mortality.

STUDY LIMITATIONS
Relatively low number of patients and short follow-
up periods are the limitations of our study.

CONCLUSION

Neuronavigation guided biopsy has proved beyond
benchmark of technology for various deep seated
lesions along with added advantages of safety, cost

effectiveness, accuracy, ease of use ,decreaed
duration  surgery, reduced post surgery
complications such as neurological deficit,

intracerebral haemorrhage and reduced hospital
stay.

REFERENCES

1. Apuzzo ML, Chandrasoma PT, Cohen D, Zee CS, Zelman
V (1987): Computed imaging stereotaxy: experience and
perspective related to 500 procedures applied to brain
masses. Neurosurgery 20:930-937.

2. Aylin Okcu Heper, MDa,T, Esra Erden, MDa, Ali Savas, MD,
PhDb, Koray Ceyhan, MDa, llhan Erden, MDc, Serdar
Akyar, MDc, Yqcel Kanpolat, MDb. An analysis of

10.

11.

12.

13.

14.

stereotactic  biopsy of brain  tumors  and
nonneoplasticlesions: a prospective clinicopathologic
study. A.O. Heper et al. / Surgical Neurology 64 (2005)
$2:82-52:88

Bilgisayarl>» Tomografi Eflli.inde Yaprlan Stereotaktik
Beyin Biyopsilerinde Histopatolojik Tan» Verim ve
Do.rulu.u. Turkish Neurosurgery 2008, Vol: 18, No: 1, 17-
22.

Boethius J, et al 1978 Collins VP, Edner G, Lewander R,
Zajicek ] (1978): Stereotactic biopsies and computer
tomography in gliomas. Acta Neurochir (Wien) 40:223-
232

Borbély K. Functional imaging in brain tumors. Orv Hetil.
2004;145:411-23.

Dammers R, Haitsma IK, Schouten JW, Kros JM, Avezaat
{J, Vincent AJ. Safety and efficacy of frameless and frame-
based intracranial biopsy techniques. Acta Neurochir
(Wien) 2008;150:23-9.

David Shooman, M.B.Ch.B.,1 Antonio Belli, M.D.,2 and
Paul L. Grundy, B.M. (Hons), M.D.1 Image-guided
frameless stereotactic biopsy without intraoperative
neuropathological examination, ] Neurosurg 113:170-
178, 2010

Hu LS, Baxter LC, Smith KA, Feuerstein BG, Karis JP,
Eschbacher JM, et al. Relative cerebral blood volume
values to differentiate high-grade glioma recurrence
from posttreatment radiation effect: Direct correlation
between image-guided tissue histopathology and
localized dynamic susceptibility-weighted contrast-
enhanced perfusion MR imaging measurements. AJNR
Am | Neuroradiol. 2009;30:552-8

Jain D, Sharma MC, Sarkar C, Deb P, Gupta D, Mahapatra
AK. Correlation of diagnostic yield of stereotactic brain
biopsy with number of biopsy bits and site of the lesion.
Brain Tumor Pathol. 2006;23:71-5.

Jain D1, Sharma MC, Sarkar C, Gupta D, Singh M,
Mahapatra AK. Comparative analysis of diagnostic
accuracy of different brain biopsy procedures. Neurol
India. 2006 Dec;54(4):394-8.

Jawahar A, Weilbaecher C, Shorter C, Stout N, Nanda A.
Multicentric glioblastoma multiforme determined by
positron emission tomography: A case report. Clin
Neurol Neurosurg. 2003;106:38-40.

Laurent J. Livermore , Ruichong Ma , Stana Bojanic &
Erlick A. C. Pereira, Yield and complications of frame-
based and frameless stereotactic brain biopsy - The
value of intra-operative histological analysis British
Journal of Neurosurgery, October 2014; 28(5): 637-644 ©
2014 The Neurosurgical Foundation ISSN: 0268-8697
print / ISSN 1360-046X online DOI:
10.3109/02688697.2014.887657

Lucchinetti CF, Popescu BF, Bunyan RF, Moll NM, Roemer
SF, Lassmann H, et al. Inflammatory cortical
demyelination in early multiple sclerosis. N Engl ] Med.
2011;365:2188-97.

Mercier L, Del Maestro RF, Petrecca K, et al. New
prototype  neuronavigation system based on



15.

16.

17.

Efficacy of neuronavigation guided biopsy in deep seated brain

preoperative imaging and intraoperative freehand
ultrasound: system description and validation. Int ]
Comput Assist Radiol Surg. 2011; 6(4):507-522. [PubMed:
20886304]

Orringer DA, Golby A, Jolesz F. Neuronavigation in the
surgical management of brain tumors: current and
future trends. Expert Rev Med Devices. 2012
Sep;9(5):491-500.

Quinn J, Spiro D, Schulder M. Stereotactic brain biopsy
with a low-field intraoperative magnetic resonance
imager. Neurosurgery. 2011; 68(1 Suppl Operative):217-
224, discussion 224. [PubMed: 21206306]

Risholm P, Golby AJ, Wells W 3rd. Multimodal image
registration for preoperative planning and image-guided
neurosurgical procedures. Neurosurg Clin N Am. 2011;
22(2):197-206. viii. [PubMed: 21435571]

18.

19.

20.

Roessler K, Czech T, Dietrich W, Ungersboeck K, Nasel C,
Hainfellner JA  Koos WT  (1998) Frameless
stereotacticdirected tissue sampling during surgery of
suspected lowgrade gliomas to avoid histological
undergrading. Minim Invasive Neurosurg 41:183-186
Shooman D, Belli A, Grundy PL. Image-guided frameless
stereotactic biopsy without intraoperative
neuropathological examination. | Neurosurg. 2010;
113(2):170-178. [PubMed:20136389]

von Campe G, Moschopulos M, Hefti M. 5-Aminolevulinic
acid-induced  protoporphyrin  IX fluorescence as
immediate intraoperative indicator to improve the safety
of malignant or high-grade brain tumor diagnosis in
frameless stereotactic biopsies. Acta Neurochir (Wien)
2012;154:585-8.



