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Abstract

Introduction Frameless stereotactic navigation is used to direct the trajectory and biopsy site of target lesions. We report on a
novel intra-operative stimulating (IOS) probe that is integrated into a commercially available stereotactic biopsy needle with the
rationale that stimulation of the intended biopsy site should predict functional tissue thus preventing inadvertent biopsy of
eloquent tissue.

Methods Patients undergoing brainstem biopsies for atypical lesions were offered the additional stimulation procedure. The I0S
probe was used to deliver stimulation in an attempt to determine the proximity of eloquent tissue. Once the desired location of the
biopsy needle was achieved, the IOS probe was inserted down the centre of the biopsy needle and the stimulus applied. If no
action potential was recorded, biopsies from four quadrants of the lesion were taken. If however a compound action potential was
recorded, a new target was selected.

Results Nine patients had the biopsy and stimulation procedure performed. The median age was 36 months. A minimum of §
samples were obtained from each patient. Biopsy material was adequate to obtain a diagnosis in all 9 patients. In 2 cases use of the
device influenced the insertion trajectory or biopsy site. No patients experienced any complications directly attributable to either
the biopsy procedure or application of the stimulation.

Conclusions Use of the I0S probe for intra-operative stimulation of the intended brainstem biopsy site was found to be safe and
feasible. The addition of stimulation using the IOS probe can be done with minimal change in workflow.

Keywords IONM - Brainstem biopsy - DIPG - Midline glioma

Introduction to direct the biopsy trajectory to sample the target lesion, while

avoiding vasculature and eloquent brain structures [10, 74].

Stereotactic brain biopsy is a minimally invasive procedure
used to obtain tissue for histological diagnosis. Frameless ste-
reotactic navigation, guided by preoperative imaging, is used
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The accuracy of stereotactic navigation is however dependent
on multiple factors, including the quality of the preoperative
imaging, accuracy of the image to patient registration, me-
chanical error of the trajectory guide and accuracy of the
intra-operative probe tracking [76]. Additionally, brain shift
of deep structures [39] and displacement of the brainstem
cranial nerve nuclei by intrinsic brainstem lesions [50] may,
despite accurate presurgical planning, result in inadvertent in-
jury to eloquent brain structures during stereotactic biopsy.

Given the above inaccuracies of stereotactic biopsy alone,
we developed an intra-operative stimulating (IOS) probe that
could be integrated into a standard commercially available
neurosurgical stereotactic biopsy needle with the rationale that
stimulation of the intended biopsy site should predict func-
tional tissue within a 2—5-mm radius and thus prevent inad-
vertent biopsy of eloquent tissue.
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Methods
Patient selection

Patients younger than 16 years presenting with a newly diag-
nosed, untreated brain stem mass that was atypical in nature
that required histological diagnosis for a management deci-
sion were offered a stereotactic biopsy as per our normal unit
protocol. The addition of intra-operative stimulation was of-
fered as an adjuvant to the standard frameless stereotactic
guided biopsy. Following an explanation of the experimental
nature of the procedure and the lack of safety and efficacy
data, written informed consent was obtained on behalf of the
children from their parents or guardians. The Human Research
Ethics Committee of the medical faculty of the University of
the Witwatersrand approved the scientific analyses of these
cases.

Device design

We developed a miniaturised hand-held intra-operative stim-
ulating device integrated into a standard neurosurgical brain
biopsy needle (Passive Biopsy Needle Kit, Medtronic,
Minneapolis, USA) (Fig. 1). The IOS probe is interchangeable
with the inner stylet of the biopsy needle. The I0S probe has
three contact points, each Imm by 1mm in diameter. Two
stimulation points are placed 2mm apart and serve to deliver
bipolar stimulation. The additional stimulating contact point is
used to deliver monopolar stimulation.

Stimulation protocol

Recording wire electrodes were inserted under anaesthesia
into the orbicularis oculi, orbicularis oris and mentalis muscles

Fig. 1 Diagram of intra-operative
stimulating probe integrated in
neuronavigation biopsy needle
with details of active stimulation
area
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for cranial nerve VII monitoring, into the posterior pharynx
wall for cranial nerve IX/X monitoring and into the tongue for
cranial nerve XII monitoring, according to standard protocol
[60, 65, 67]. Vocal cord responses were recorded by a com-
mercially available EMG embedded endotracheal tube device
used to detect vocal cord responses (Medtronic NIM® Flex,
EMG Tube, Minneapolis, USA). Subdermal needles were
placed into the deltoid, biceps brachii, extensor digitorum
and abductor pollicis brevis referred to abductor digiti minimi
to monitor upper limb electromyographic activity along with
tibialis anterior and abductor hallucis pedis to monitor lower
limb electromyographic activity as previously described [55,
75]. The presence or absence of spontaneous motor activity on
EMG was communicated to the surgeon during advancement
of the biopsy needle.

The integrated probe was used to deliver a single monopolar
stimulus of 0.2ms duration, at a rate of 1-4 Hz. Stimulation
intensity was initiated at 0.1mA and gradually increased until
a compound muscle action potential was elicited in one of the
monitored muscles, or to a maximum of 2 mA. An additional
stimulus delivered at 60Hz of 1-ms pulse length with a biphasic
waveform was delivered after completion of the monopolar
stimulation. Bipolar stimulation was likewise initiated at
0.1mA and gradually increased until a compound muscle action
potential was elicited in one of the monitored muscles, or to a
maximum of 2 mA. If EMG activity was elicited, stimulation
was repeated to ensure the accuracy of the response. All stimu-
lations and recordings were performed with a commercial stim-
ulator (Medtronic NIM® Eclipse, Minneapolis, USA).

Operative protocol

Anaesthesia was induced and maintained with total intravenous
anaesthesia (TIVA) using a propofol target control anaesthesia
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model (Paedfusor), remifentanil and dexmedetomidine infu-
sions. No muscle relaxants were used throughout the proce-
dure. After induction of anaesthesia and placement of the mon-
itoring electrodes, all patients were placed in the prone position.
The patient’s head was fixed in a three-point Mayfield clamp
secured to the operating table. In children under the age of 2
years, an additional horseshoe headrest was used to support the
weight of the patient’s head, allowing the pin fixation device to
be safely used with minimal force for immobilisation purposes
only. Patient registration to the neuronavigation system
(STEALTH, Medtronic, Minneapolis, USA) was achieved
using surface fiducial markers. The neuronavigation system
software was used for surgical planning. A suboccipital,
trans-cerebellar surgical approach through the middle cerebel-
lar peduncle was used in all cases (see Fig. 2 of surgical plan
and typical trajectory and Fig. 3 of a typical intra-operative
configuration). A trajectory was selected, where possible, to
pass through the largest dimension of the lesion to allow for
multiple biopsies via one needle pass. A standard neurosurgical
brain biopsy needle (Passive Biopsy Needle Kit, Medtronic,
Minneapolis, USA) with a side cutting window was used to
perform the biopsies. The centre of the lesion, along with any
enhancing region was targeted. Once the desired location of the
biopsy needle was achieved, the IOS probe was inserted down
the centre of the biopsy needle and the stimulus applied. The
biopsy needle was rotated 360 degrees while the stimulus was
delivered. If no compound action potential was recorded then
the IOS probe was withdrawn, the inner cannula of the biopsy
device inserted and biopsies from four quadrants, each 90 de-
grees apart, were taken. The biopsy needle was then advanced
beyond the centre of the lesion in the same trajectory and the
process was repeated such that a minimum of § biopsy speci-
mens per trajectory were obtained. If however a compound
action potential was recorded then biopsies were not taken from
this site, the biopsy needle was advanced, or withdrawn, to a
new target point and the stimulation protocol was reapplied. All
patients were extubated directly post-operatively and were ob-
served in the PICU for 24 h.

Fig. 2 Images of intra-operative
neuronavigation system with
typical trajectory and biopsy
target site planning for an atypical
brainstem tumour which on
biopsy revealed an embryonal
tumour NOS, in a 2-year-old
female patient who was
subsequently referred for chemo/
radiotherapy

Fig. 3 Intra-operative image of stimulating probe, in use with standard
neuronavigation system

Clinical and radiological assessment

Patients were examined clinically during their post-operative
course to assess for new neurological deficits or surgical compli-
cations. Routine post-operative MRI scans were not obtained.
Following integrated histopathological and molecular tumour
classification, the children were referred for either adjuvant radi-
ation and/or chemotherapy or formal surgical resection of the
lesion if surgery was deemed feasible with acceptable risk.
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Results
Demographics

A total of 9 patients had the procedure performed. Six of the
patients were male (66%) and 3 were female (33%). The me-
dian age was 36 months (range 6 months to 11 years). There
were 8 tumours located ventrally in the pons and one middle
cerebellar peduncle tumour (see Table 1 for a summary of the
demographic, histological and clinical findings of the cohort).

Histology analysis

A minimum of 8 samples were obtained from each patient.
The biopsy material was adequate to obtain an integrated mo-
lecular and histological diagnosis in all 9 patients (100%).
Integrated analysis demonstrated two diffuse midline gliomas
(WHO IV, H3 mutant), one anaplastic astrocytoma (WHO III,
H3 mutant negative), three diffuse astrocytomas (WHO 1I),
one ganglioglioma (WHO I), one pilocytic astrocytoma
(WHOI) and one CNS embryonal tumour not otherwise spec-
ified (WHO IV).

Results of intra-operative stimulation

The integrated device was used in all 9 cases. In 7 cases, the
device did not alter or influence the insertion trajectory or

biopsy site, with no evidence of disturbances in the free run-
ning EMG, or elicitation of compound action potentials in the
monitored cranial nerves or peripherally monitored myo-
tomes. In one case, on advancement of the biopsy guide into
a deeper section of the tumour for an additional biopsy, ab-
normal EMG activity was detected from the vocal cord. It was
decided to rather withdraw the biopsy needle and sample a
more superficial aspect of the mass. In a second case, on
stimulation of the centre of the pontine mass lesion at a stim-
ulation intensity of 1.5mA, a compound action potential was
evoked from cranial nerve VII. In this case, it was decided to
withdraw the biopsy needle and biopsy the peripheral aspect
of the lesion only and not the central core.

Adverse events, neurological sequelae and outcome
following the biopsy procedure

No patients experienced any complications directly attribut-
able to either the biopsy procedure per se or the application of
the stimulation.

Follow-up care and outcomes

Following histological diagnosis, six of the patients were re-
ferred for resective surgery. Of these six patients, one patient
declined surgery and is undergoing surveillance only. The
other five children had resective surgery performed, with

Table 1 Demographics, histological diagnosis and management

Number  Age/gender Integrated diagnosis Intra-operative stimulation findings  Further treatment

1 11 years, female Diftuse astrocytoma, IHD-1 wild, No change in EMG or elicitation Referred to surgery for resection.
BRAF +Ve, H3 K27M mutant of compound action potential Gross total resection achieved.
negative. WHO grade II.

2 18 months, male  Diffuse astrocytoma. BRAF +Ve. No change in EMG or elicitation Resective surgery was offered but
H3 K27M testing not available of compound action potential parents refused additional
at the time. WHO grade 11 surgery.

3 6 months, male Pilocytic astrocytoma. No change in EMG or elicitation Referred to surgery for resection.
WHO grade L. of compound action potential Subtotal resection achieved

4 1 year, male Anaplastic astrocytoma. IDH1 wild, No change in EMG or elicitation Referred to surgery for resection.
H3 K27M mutant negative. of compound action potential Subtotal resection achieved.
WHO grade II.

5 3 years, female Diffuse astrocytoma. IDH1 wild, No change in EMG or elicitation Referred to surgery for tumour
H3 K27M mutant negative. of compound action potential resection. Gross total resection
WHO grade II. achieved.

6 5 years, male Ganglioglioma, WHO grade 1. No change in EMG or elicitation Referred to surgery. Gross total

of compound action potential surgical resection achieved.

7 5 years, male Diffuse midline glioma, No change in EMG or elicitation Referred for radiotherapy
H3 K27M mutant. of compound action potential
WHO grade IV.

8 2 years, female CNS embryonal tumour NOS. Abnormal EMG activity detected Referred for chemotherapy
WHO grade IV. from vocal cord monitoring

with biopsy needle advancement
9 4 years, male Diffuse midline glioma, Compound action potential elicited ~ Referred for radiotherapy

H3 K27M mutant. WHO grade IV.

at 1.5mA from CN VII
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gross total resection (GTR) in three and subtotal resection
(STR) in two being achieved. The two patients harbouring
the diffuse midline gliomas were referred to the oncological
service for radiation therapy and the patient with the embryo-
nal CNS tumour NOS underwent chemotherapeutic treatment
according to the “head start” protocol. Median follow-up time
was 15 months, range 3 to 24 months.

Discussion

Herein, we introduce a novel 10S device for delivering stim-
ulation to an area of interest before performing a biopsy of the
area. The hypothesis being that if eloquent tissue could be
identified before a biopsy is taken it may decrease the mor-
bidity and mortality of stereotactic biopsies. To our knowl-
edge, no equivalent IOS probe is available for use with
frameless, neuronavigation devices and biopsy needles. The
application of monopolar stimulation during computer tomog-
raphy—guided, frame-based systems has previously been de-
scribed [7] for supratentorial lesions located in eloquent re-
gions, with a reported reduction in operative morbidity due to
the stimulation. The novel IOS probe we describe was devel-
oped primarily for use during brainstem biopsies, but it could
be utilized for any area in which eloquent tissue is situated
within close range to a desired biopsy target.

Since the publication of the manuscript of Albright et al. [2]
on behalf of the Children’s Cancer Group, in which they pos-
ited that “magnetic resonance scans are highly specific for
diagnosing brain stem gliomas and obviate the need for histo-
logical confirmation”, the biopsy of brainstem lesions has
been controversial [54] with many neurosurgical units being
reluctant to perform biopsies. This reluctance stems from the
perception that the procedure is unsafe and that it offers little
direct benefit to the patient in terms of management.

The morbidity associated with brainstem biopsy in the re-
cently reported literature [1, 8, 12, 14, 19, 42, 47, 53, 59, 63,
68, 73] ranges from 0 to 30% and the procedure related mor-
tality ranges from 0 to 5%. A metanalysis by Hamish et al.
[36] of 735 cases of paediatric brainstem tumours revealed a
6.7% overall morbidity, 0.6% risk of permanent morbidity
and 0.6% risk of mortality. Likewise, in a meta-analysis of
1480 cases in both the adult and paediatric groups,
Kickingereder et al. [41] found a 7.8% risk of overall morbid-
ity, 1.7% for permanent morbidity and 0.9% risk of mortality.

Until recently, we followed the treatment algorithm
outlined by Pincus et al. [53] in dealing with brainstem mass
lesions; i.e. based on MRI imaging, focal tumours that are
believed to be resectable with acceptable risk are tackled sur-
gically, lesions that are found to be consistent with diffuse
pontine gliomas are treated empirically with radiation therapy
while atypical lesions have a stereotactic biopsy and histolog-
ical examination performed, whereupon further decision-

making is based. Although by no means not universally ac-
cepted [71], the utility and efficacy of obtaining a histological
diagnosis in atypical lesions has been validated by several
centres [18, 20, 51, 57].

Recently, however, our indication for an upfront biopsy of
brain stem lesions has broadened. In up to 35% of tumours not
considered to be a typical DIPG on MRI imaging, the
H3K27M mutation can be found [11]. Since the presence of
the H3K27M mutation carries a uniformly fatal prognosis
independent of tumour grade [6], location or extent of tumour
resection [40], stereotactic biopsy of both focal and diffuse
lesions may be warranted to direct clinical decision-making
[31, 33, 38]. Additionally, recent advances in molecular char-
acterisation of brainstem gliomas have revealed several poten-
tial targets for molecular based therapies [5, 13, 15, 34, 37, 38,
45], many of which would require tissue for an individualised,
directed, precision medicine approach based on genetic or
epigenetic information [13, 33]. For these reasons, we now
offer upfront brainstem biopsy for all newly diagnosed
brainstem mass lesions and anticipate that as a precision
medicine-based approach for these lesions becomes more
commonplace, the need for brainstem biopsies will become
more frequently performed.

When designing the biopsy stimulation probe, we elected
to have the ability to incorporate both bipolar as well as
monopolar stimulation. The monopolar component was in-
cluded to localise the vicinity of the cranial motor nerve nuclei
(CMN). Monopolar stimulation of the brainstem nuclei has
proven to reliably predict the location of CMN in open surgery
[16, 48, 49, 69], and despite anatomical distortion of the
brainstem by expanding space occupying lesions, monopolar
stimulation reliably detects [16, 48] the location of the CMN.
Charge from a monopolar electrode spreads radially from the
tip towards a distant reference electrode [52] (Fig. 4). This
spread allows the surgeon to modulate the stimulator current
to estimate the distance to the CMN [29]. The intensity of
stimulation required to elicit a CMAP is inversely proportion-
al to the distance from the stimulus to the CMN [62]. The
stimulation parameters for this technique (stimulation intensi-
ty initiated at 0.1mA, consisting of a single monopolar stimu-
lus of 0.2-ms duration, at a rate of 1-4 Hz) have been well
described in open surgery [16, 48, 49, 69] and has been used
and validated in the paediatric population [60]. Importantly,
the monopolar stimulus delivered should be cathodal as it is
more reliable and requires a lower stimulus to elicit an action
potential of nerve fibres than anodal stimulation does [9, 70].

Mapping the corticospinal tract (CST) at the level of the
pons is not well described; however, corticospinal tract stim-
ulation has been well described to map motor pathways at the
level of the internal capsule [22], cerebral peduncle [16, 56]
and the midbrain [24, 25] and at the level of the spinal cord
[17,28, 30, 55, 61]. Both monopolar [16] and bipolar [23-25,
56] techniques have been used to map the CST. When using
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Fig. 4 Top image: Typical 4
trajectory through the middle
cerebral peduncle and potential
eloquent areas. Bottom left:
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resultant wide spread of charge
from monopolar electrode.
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charge is transmitted from one
arm of the bipolar probe to the
other, with rapid dissipation of the
electrical field beyond the probe

N\

.
r

20mm
\

bipolar stimulation, the distance between the tips of the bipo-
lar probes have ranged from less than 2mm [56] up to Smm,
with several authors, however, favouring a narrower distance
between probe points as this allows for better accuracy of the
stimulation [24, 28, 56] (Fig. 4). Since bipolar charge is trans-
mitted from one arm of the bipolar probe to the other, the
electrical field rapidly dissipates beyond the probe with little
electrical diffusion [35], thus activating tissue between the
arms of the probe only [52]. In theory, this should answer
the binary question of whether the tissue to be biopsied is in
close proximity to the corticospinal tract [29] with a high
degree of specificity. For this reason, when designing the in-
tegrated stimulating probe, we opted to space the bipolar
“arms” 2mm apart to minimise the area of tissue activation
and thus potentially decrease the risk of false positive stimu-
lation sites. The stimulation parameters for this technique (bi-
phasic square wave pulses, with a pulse frequency of 60Hz a
pulse width of 1 ms and a stimulation intensity ranging from
0.1 to 1.0 mA) have been well described and validated in open
surgery [23, 25].

The potential for morbidity and mortality following a biop-
sy in highly eloquent areas may be due to direct parenchymal
injury to eloquent tissue, worsening oedema, ischemic injury
or haemorrhage [3, 21, 26, 27, 32, 36, 41, 44, 54, 59]. The
aforementioned complications may arise from either direct
injury due to passage of the biopsy needle, or from the tissue
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cutting action of the biopsy performed through the side cutting
window [58]. There are no direct statistical comparisons of the
risk of complications following tissue cutting versus needle
insertion alone; however, if one extrapolates the risk of
haemorrhagic complications alone in procedures where no
tissue cutting is performed, such as in deep brain stimulation,
compared to the to the risks of haemorrhagic complications in
the brainstem biopsy group, the risk ranges from 0.5 to 2.1%
[4, 64, 72, 77] vs 1.7 to 8.5% [32, 43, 44, 46], respectively,
implying a significant degree of the parenchymal trauma, is
due to the tissue cutting action.

In our case series, 2 of the 9 cases had their surgical proce-
dure modified by the addition of the intra-operative monitor-
ing. The addition of intra-operative stimulation of the intended
biopsy site using the IOS probe can be done with minimal
change in workflow as the IOS probe is readily interchange-
able with the inner stylet of the standard brain biopsy needle.
The 10S device can potentially avoid direct parenchymal in-
jury thereby reducing the significant morbidity associated
with performing biopsies in the brainstem.

To minimise potential vascular injury during biopsy proce-
dures, the use of optical coherence tomography [58] to intra-
operatively detect vessels at risk of intracranial haemorrhage
has been proposed. These devices are similarly placed down
the biopsy sheath of commercially available biopsy devices
and could be used interchangeably with the IOS probe, thus
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potentially avoiding both vascular/haemorrhagic and parenchy-
mal disruption injuries. Likewise, previously developed
miniaturised probes integrating optical modalities such as
Raman spectroscopy and 5-aminilevoleinic acid fluorescence
[66] could be incorporated into the IOS probe system, allowing
for a “multimodality” needle, potentially maximising biopsy
sampling and diminishing parenchymal injury.

Limitations

The current study is limited by a very small sample size.
Larger studies with bigger sample sizes are needed in the
future to validate these results and truly determine if intra-
operative stimulation of target sites in eloquent regions can
improve safety.

Conclusion

Using the I0S probe for intra-operative stimulation and
neuromonitoring of the intended brainstem biopsy site was
found to be safe and feasible. The addition of stimulation of
the intended biopsy site with the IOS probe can be done with
minimal change in workflow as the IOS probe is readily inter-
changeable with the inner stylet of a standard brain biopsy
needle. With the advent of molecular based therapies for
brainstem gliomas, the more ubiquitous requirement for
brainstem biopsies is likely. Whether IOS of the intended biop-
sy site will improve safety and efficacy for patients is still un-
clear and can only be truly answered with a comparative study.
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