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Intraoperative magnetic resonance-guided frameless stereofactic biopsies —

initial clinical experience

Stereotaktyczne biopsje guzow wewngitrzczaszkowych z zastosowaniem rezonansu
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Abstract

Background and purpose: We present our early experience
in intraoperative magnetic resonance (iIMRI)-guided stereo-
tactic frameless biopsies with special regard to its safety, effi-
cacy and diagnostic value.

Material and methods: The records of patients who under-
went frameless stereotactic iMRI-guided biopsies between
June 2009 and April 2011 were analysed prospectively.
All the operations were performed under local anaesthesia,
with the use of a passive side-cutting biopsy needle. The nee-
dle was introduced into the pathological lesion with the help
of optic neuronavigation system guidance. The iMRI scans
served as reference images. We analysed the patients’ demo-
graphic and epidemiological data, the preparation and surgery
times, diagnostic values of collected specimens, lengths of the
hospital stay (LOS) and the complication rate.

Results: Fifteen iMRI-guided stereotactic biopsies were
performed in the analysed period. The mean patient age was
52 * 18 yrs, the median WHO score was 2 (range: 1-3),
there were 9 (60%) males in the study group. The average
preparation time was 53 =+ 24 minutes and the operation time
69 = 25 minutes. No major complications were noted.
The median total length of hospital stay was 5 days. The his-
topathological diagnoses were as follows: glioblastoma mul-

Streszczenie

Wstep i cel pracy: W pracy przedstawiono do§wiadczenia
wlasne z zastosowania niskopolowego $rédoperacyjnego rezo-
nansu magnetycznego (IMRI) w biopsjach stereotaktycznych
guzéw mézgu. Celem pracy bylo przedstawienie techniki ope-
racji oraz analiza bezpieczenistwa i skutecznosci diagnostycz-
nej procedury.

Materiat i metody: Analizie poddano dane pacjentéw,
u ktérych w okresie od czerwca 2009 r. do kwietnia 2011 .
wykonano bezramowe stereotaktyczne biopsje patologii
wewnatrzczaszkowych. Operacje wykonywano drogg otwo-
ru trepanacyjnego z wykorzystaniem pasywnej igty biopsyj-
nej z bocznym oknem tngcym. Igte wprowadzano w obreb
zmiany patologicznej wedtug wskazan systemu neuronawi-
gacji optycznej, opartych na skanach iMRI. Prospektywnej
ocenie poddano dane demograficzne i epidemiologiczne, czas
przygotowarl i czas operacji, warto$¢ diagnostyczng pobrane-
go materiatu, czesto$¢ powiktan oraz dugosé hospitalizacii.
Wyniki: W analizowanym okresie wykonano 15 biopsiji stereo-
taktycznych z wykorzystaniem iMRI. Sredni wick pacjentéw
wynosit 52 = 18 lat, mediana WHO - 2, mezczyzni
stanowili 60% operowanych. Sredni czas przygotowan do ope-
racji wynosit §3 = 24 min, $redni czas operacji 69 = 25 min.
W ocenianej grupie pacjentéw nie stwierdzono powiklan neu-
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tiforme — 6 cases, low-grade gliomas — 4 cases, lymphomas
— 3 cases, and other pathologies — 2 cases. In all the cases
biopsy material allowed specified histopathological diagnoses
to be obtained.

Conclusions: Frameless stereotactic iMRI-guided brain
tumour biopsy is a safe and diagnostically effective procedure.
The use of iMRI might increase the diagnostic value and
safety of stereotactic biopsy and positively influence its eco-
nomic balance.

Key words: intraoperative magnetic resonance, stereotactic
biopsy, neurooncology.

Introduction

Stereotactic brain biopsy is a relatively straightfor-
ward, accurate, and safe method of obtaining diagnos-
tic tissue [1] in cases of brain tumours which are doubt-
ful in neuroimaging appearance or eloquently localized.
Frameless computer-based neuronavigation is now wide-
ly used in brain tumour surgery. It has many advantages
over frame-based techniques, and provides similar accu-
racy to the rigid frame [2]. Although its median diag-
nostic yield reaches a relatively high value of 95%, there
is still an obvious need to search for techniques to
improve this rate. One of the methods proposed is the
use of intraoperative magnetic resonance imaging
(iMRI), proposed by Bernays ¢z a/. in 2002 [3]. It offers
intraoperative control of the proper targeting and tissue
sampling and immediate diagnosis of even mild post-
operative bleeding. The usefulness of ultra-low-field
iMRI in stereotactic brain biopsy was subsequently con-
firmed by Schulder ez al. [4]. Although both authors
named iMRI as a routine tool, they used dedicated,
MRI compatible biopsy cannulas.

Fig. 1. Layout of neurosurgical operating room with 1) iMRI PoleStar N20,
2) neuronavigation camera, 3) neuronavigation station, 4) operating micro-
scope
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rologicznych, krwotocznych i infekeyinych. Sredni czas hospi-
talizacji wynosit 5 déb. W badaniach histopatologicznych
stwierdzono: 6 glejakéw nisko zréznicowanych, 4 glejaki
wysoko zréznicowane, 3 chloniaki oraz 2 inne patologie.
Whioski: Stereotaktyczne biopsje guzéw mézgu z wykorzy-
staniem 1MRI mogg by¢ tak samo bezpieczne jak wykony-
wane w sposéb klasyczny. Zastosowanie iMRI moze zwigk-
szy¢ ich skuteczno$¢ diagnostyczng oraz wplywaé pozytywnie
na bilans ekonomiczny procedury.

Stowa kluczowe: Srédoperacyjny rezonans magnetyczny, biop-
sja stereotaktyczna, neuroonkologia.

Based on our experience, we think that iIMRI-guid-
ed stereotactic procedures can be safely and effectively
performed with the standard passively navigated side-
cutting biopsy needles. Our prospective study was con-
ducted to provide further information based on a pilot
group of consecutive patients who underwent frameless
stereotactic biopsy procedures aided by iMRI imaging.

Material and methods

All patients who underwent a stereotactic frameless
iMRI-guided biopsy between June 2009 and April 2011
were enrolled sequentially in the study. During the pro-
cedure, the head of each patient was immobilized with
a 3-pin iMRI-compatible headholder. The PoleStar
N20 iMRI system (Medtronic Navigation, Louisville,
CO, USA) with a 0.15-T constant magnet was used in
all procedures. The operating room was set up in a sim-
ilar fashion as in tumour removal procedures, described
previously [5,6]. The equipment of the neurosurgical
operating room in typical configuration is shown in
Fig. 1. Subsequently, after the patient’s positioning, the
preoperative reference examination was routinely car-
ried out. Images were automatically transferred to the
neuronavigation system (StealthStation, Medtronic Nav-
igation, Louisville, CO, USA). The entry point, target
and optimal biopsy trajectory were then defined by the
operator on the basis of the obtained iMRI images. All
frameless stereotactic biopsies were performed via
a 6-mm burr hole using the Vertec system (Medtronic
Navigation, Louisville, CO, USA). A side cut 2.2-mm
diameter passive biopsy needle (Medtronic Navigation,
Louisville, CO, USA) was used. One to twelve tissue
samples were collected according to the procedure
described by Shooman ez al. [7]; the target number of
tissue samples was 12, but after finding the presence of
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Fig. 2. Intraoperative MR images of the right frontal lobe contrast-enhancing tumour obtained with the use of iMRI PoleStar N20. Left image: preoperative iMRI axial
scan, which served as a reference for the neuronavigation system. Right image: postoperative iMRI control scan on the same localization. Contrast extravasation could
be a symptom of mild postoperative bleeding at the site of the biopsy. The biopsy site is visible as a black spot — small air bubble indicated by arrow

fresh blood in the biopsy needle the sampling was ter-
minated. Following each operation, a control iMRI was
routinely performed to confirm and document the prop-
er targeting and exclude postoperative hyperacute intra-
parenchymal bleeding (Fig. 2). Furthermore, a postop-
erative follow-up head CT was also performed 4 to
6 hours after each procedure.

We prospectively collected and statistically analysed
the following data: demographic and epidemiological
information, the preparation and operation time, the
location and size of the pathological lesion, postopera-
tive complications (wound infection, neurological dete-
rioration), the length of hospital stay (LOS) and the
diagnostic yield.

Results

Fifteen iIMRI-guided stereotactic biopsies were car-
ried out in the analysed period. The mean patient age
was 52 =+ 18 years, the median WHO score was 2
(range: 1-3), there were 9 (60%) males in the study
group. The mean preparation time was 53 = 24 min-
utes and the operation time 69 = 25 minutes. Tempo-
rary or permanent neurological deterioration as well as
wound infections were not noted. The follow-up head
computed tomography (CT) performed 4 to 6 hours
after the operation did not reveal expansive intra-
parenchymal haematomas in any patient. The median
total LOS was § days. The histopathological diagnoses
were as follows: glioblastoma multiforme — 6 cases, low-
grade gliomas — 4 cases, lymphomas — 3 cases, 1 case of
metastasis and 1 case of spongiform encephalopathy. In
all the listed cases, biopsy material allowed specified
histopathological diagnoses to be obtained. All the vari-
ables are presented in Table 1.
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Discussion

We present the first series of iMRI-guided biopsy
procedures which did not use intraoperative visualiza-
tion of the MRI-compatible biopsy needle [3,4,8].
Instead, we used a standard side cutting passively nav-
igated device. Moreover, we were able to verify intra-
operatively the accuracy and safety of the procedure,
using iMRI performed just after the biopsy needle with-
drawal. In all the cases, there was an air-bubble corre-
sponding to the site of tissue sampling. According to
Bernays ez al. [3], it was also possible to exclude intra-
operatively the presence of intraparenchymal bleeding,
which makes the need for a follow-up CT questionable.
However, this thesis has not been proven yet and needs
to be confirmed in an evidence-based manner.

In case of the iMRI-based stereotactic procedure,
there is no need to register the patient’s head. This can
be considered as another technical and economic
advantage of the procedure, as there was no need to
perform preoperative high field 3D MRI or 3D head
CT. In our series we were also able to intraoperative-
ly react to a brain shift, which was present in one case.
After the burr hole had been made there was a signif-
icant brain shift observed, which was probably caused
by a massive leakage of the CSE. Due to the risk of
inadequacy of the preoperatively designed biopsy tra-
jectory, we decided to perform another iMRI refer-
ence scan and realigned the needle track. According
to the analysis of the intraoperatively collected images
there was no need to change the direction of the nee-
dle insertion; the depth was however increased by
4 mm. Diagnostic material from the deep seated lesion
of the dominant brain hemisphere was subsequently
obtained.
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Table 1. Variables analysed among studied patients

Variables Observations
(n=15)
Preoperative factors (group A)
Age 52+ 18
Sex [male] 60%
WHO score 2(1-3)
Total Karnofsky score before the operation 90 (70-90)
Tumour diameter [mm] 48 =19
Contrast enhancement 80%
Factors associated with the operation (group B)
Preparation time [min]* 53 =24
Operation time [min]** 69 + 25
Complications 0%
Total Karnofsky score after the operation*** 90 (70-90)
Hospitalization time [days] 5(3-8)
Technical factors (group C)
Number of positioning scans 1(1-2)
Number of intraoperative scans 2(1-3)
Intraoperative pathology visualisation 100%
Histopathological diagnosis 100%

Values are presented as %, as median (interquartile range) or mean % standard deviation
WHO score — ECOG Performance Status [10]

*Period from the moment of conscious patient arriving at the operating room to the moment of
skin incision

**Period from the moment of skin incision to the last suture insertion

**%On the day of discharge

While the efficacy of iMRI guidance in brain
abscess aspiration is unquestionable [9], there is still no
evidence proving the necessity of using intraoperative
imaging in carrying out stereotactic biopsies. However,
a high diagnostic yield and no complications observed
in our group allow us to consider iIMRI-guided stereo-
tactic biopsy as a good alternative for a widely known
frameless stereotactic biopsy based on the obtained pre-
operative high resolution images. To compare the effec-
tiveness and safety of both types of operations, a prospec-
tive study involving a larger group of patients should be
designed and performed.

Conclusions

1. Frameless stereotactic iMRI-guided brain tumour
biopsy is a safe and diagnostically effective procedure.
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2. The use of iMRI may increase the diagnostic value
of stereotactic biopsy by eliminating the negative influ-
ence of brain shift.

3. Further controlled studies in larger prospective groups
of patients are needed to demonstrate the possible
drawbacks and determine the economic balance of
both types of operations.
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