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Summary

Despite the recent neuro-imaging and microsurgical advances, a
high rate of postoperative morbidity still remains in brain stem sur-
gery. We report an original case of cavernous angioma of the right
inferior colliculus without extension to the surface, operated on using
brain stem electrical stimulations. Peroperative ocular motor re-
sponses were obtained, allowing identification of essential neural
structures before dissection of the brain stem surface, and accurate
definition of the limits between the lesion and functional tissue in
depth. Total removal of cavernoma and surrounding gliosis was then
performed, with normal postoperative neurological status.

As already reported at the cortical level, peroperative direct brain
stem stimulations constitute a safe and easy method of functional
mapping. A more intensive use of this neurophysiological technique
might permit one to extend the indications for brain stem surgery,
with minimisation of postoperative morbidity and maximisation of
tumour resection.
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Introduction

Despite development of magnetic resonance imag-
ing (MRI) combined with advances in microsurgical
techniques [9, 10, 12, 18, 21, 33, 34], the risk of signifi-
cant neurological morbidity still remains in brain stem
surgery, even when excising encapsulated lesions such
as cavernomas [17, 37]. Moreover, for many authors,
deep lesions in the brain stem without superficial ex-
tension are unlikely to have good outcomes because
normal structures will be injured in reaching the lesion
[19, 38]. The major factor contributing to operative
morbidity in these cases is the resection of functionally
intact tissue during the surgical approach [6, 25]. Con-
sequently, an early identification of these surface
structures may contribute to preservation of brain
stem function.

Peroperative direct electrical stimulation is already
advocated to map function at other sites of the central
nervous system, with good accuracy and reliability: in
the sensory-motor [1, 30] and language cortex [15, 28],
most recently in the spinal cord [3, 7], and also in the
brain stem at the level of the floor of the fourth ventri-
cle [24, 31, 32].

We report an original case with peroperative stimu-
lation of the lamina quadrigemina in a patient with a
tectal cavernoma which had not reached the surface of
the brain stem.

Case Report

This 63-year-old man was hospitalized in our institution after a
first episode of acute headaches three weeks before admission, fol-
lowed by acute diplopia ten days later. Neurological examination on
admission revealed mild diplopia when the patient looked left and up
without other abnormality. Hearing was normal. MRI showed a
typical cavernous angioma of the right inferior colliculus, with no
superficial extension to the surface of the brain stem (Fig. 1). How-
ever, surgical intervention was decided upon because of the high risk
of early rebleeding with potentially severe neurological complica-
tions, after 2 typical initial successive episodes of clinical bleeding [8].

Surgery was performed under general anaesthesia in the sitting
position, with a transtentorial suboccipital approach. Brain stem
auditory evoked potentials were not recorded. Both superior and in-
ferior colliculi were exposed. The right inferior colliculus seemed
more convex than the left, with downward displacement of the
fourth cranial nerve, but there was no lesion visible on the surface,
neither discoloration of the thin membrane covering the cavernoma.
We then used tectal mapping using direct electrical stimulations,
with a 3-mm spaced tips bipolar probe. A train of constant current
biphasic square wave pulses was used with a pulse frequency of 60 Hz
and a single pulse phase duration of 1 ms. The current amplitude was
0.5 mA (Ojemann Cortical Stimulator, Radionics). An elevation of
the left eye was obtained when stimulating around but not exactly on
the right inferior colliculus. No other motor response was noted
elsewhere. A 3-mm incision was then made at the precise site of
the colliculus without response, and at a depth of approximatively
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Fig. 1. Sagittal (A), axial (B) and coronal (C) T1-weighted gadolinium-enhanced and sagittal T2-weighted (D) MRI showing a right inferior

collicular cavernoma without extension to the surface of the brain stem

3 mm, the cavernoma was found with evidence of recent bleeding.
The lesion and the pericavernomatous gliosis were macroscopically
totally removed, with no further resection when the same left eye
elevation was obtained during direct stimulation on the edges and
particularly on the deep side of the cavity. There were no mod-
ifications of the haemodynamic and cardiac parameters during elec-
trical stimulations.

Postoperative course was uneventful with recovery to a normal
neurological examination without diplopia.

Discussion

The surgical treatment of deep brain stem cavernous
angiomas remains controversial. Indeed, the risk of
surgery is considered by many authors too high be-
cause the operative access would have injured the per-
ilesional intact brain stem [5, 19, 38]. On the other
hand, cavernomas are documented as a malformation
with high risk of rebleeding after a first clinical episode
[35] (with or without macro-haemorrhage radio-

logically visible), this rebleeding being well known for
its early recurrence and severity [8]. Then to maximize
surgical indications and quality of resection, with
minimizing postoperative neurological morbidity, re-
liable identification of functional brain stem surface
structures prior to dissection is mandatory.

Although some investigators tried to study the rela-
tionships between these superficially functional struc-
tures and the visible anatomical landmarks, particu-
larly at the level of the floor of the fourth ventricle [22];
there is no reliability because the space-occupying
lesions cause displacement of the normal anatomy
[11]. Electrophysiological methods have therefore been
developed and reported to be helpful in monitoring
brain stem function during surgery: brain stem early
and middle-latency auditory evoked potential [4, 13,
16, 20], somato-sensory evoked potential [36] and
motor evoked potential [23]. However, these conven-
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tional techniques, sometimes difficult to perform in the
operating room, do not contribute to identification of
surface structures prior to dissection of the brain stem,
and do not provide electrophysiological coverage of
crucial structures such as cranial motor nerves.

Identification and preservation of essential neural
structures can be achieved using method of direct
electrical stimulation. This is an accurate (without
electrical diffusion) [14], reliable, easy and safe tech-
nique, already successfully used for detection of corti-
cal areas and sub-cortical pathways of motor, sensory,
and language functions, and memory [1, 2, 3, 27, 28,
30]. More recently, stimulations were used for identifi-
cation of pyramidal tracts during spinal cord surgery
[3, 7]. At least, stimulations were also reported for
brain stem surgery, in cases of infiltrative internal
temporal tumour for detection of the cerebral peduncle
[3], and for mapping of the floor of the fourth ventricle
[24, 31, 32].

At the level of the inferior colliculus, direct electrical
stimulations are particularly useful, not only for brain
stem surface mapping but also for precise definition of
the limits of resection. Indeed, Bognar [4] reported that
it is possible to completely remove a (right) inferior
colliculus without apparent neurological and auditory
consequences. However, it remains essential to know
where the resection must be stopped in depth. Precise
boundaries were given in our patient by direct brain
stem stimulations at the surface level but also in the
depth of the cavity, with conclusion of the removal
when a motor response was obtained (left eye eleva-
tion in this case). This response was probably gen-
erated by stimulation in the depth of the cavity of the
medial longitudinal fasciculus, constituted by fibers
which associate homo- and contralateral oculomotor
nuclei [26]. As already mentioned, these crucial struc-
tures cannot be identify by ‘“‘conventional” electro-
physiological techniques such as brain stem early and
middle-latency auditory evoked potentials, somato-
sensory evoked potentials and motor evoked poten-
tials. Moreover, accurate mapping of the brainstem
using direct stimulation allows one to achieve total
resection of the cavernoma and also of surrounding
modified tissue, which often contains vascular malfor-
mations such as telecgiectasias with the same risk of
rebleeding in case of incomplete removal [8, 29].

Nevertheless, it seems interesting to propose to
combine electrical stimulation and brain stem evoked
potentials with the aim of improving the safety of brain
stem surgery.

Conclusion

As already described at the cortical level, direct
electrical brain stem stimulations constitute a safe and
easy neurophysiological method of mapping, which
allows:

— Direct identification of essential neural structures
before dissection of the brain stem surface;

— Consequently the choice of the optimal approach in
cases of lesions without extension to the surface;

— And the definition of the limits between the lesion
and functional tissue, giving the boundaries of re-
section in depth, by direct stimulations on the deep
side of the cavity.

A more intensive use of stimulation might permit
one to extend the indications for brain stem surgery,
with minimisation of postoperative morbidity and
maximisation of tumour resection.
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Comments

This paper is a case report on a cavernoma of the inferior collicu-
lus which was resected following stimulation of the pericollicular
tissue avoiding those areas were stimulation yielded a motor re-
sponse. To my knowledge this is the first case report where the prin-
ciple of direct brain stem stimulation in order to map motor function
was applied to the collicular region. Therefore it is of interest of the
neurosurgical community.

J. Schramm

This is an interesting case report of a patient with a cavernoma in
the right inferior colliculus of the midbrain. Intra-operatively, the
authors used direct tissue stimulation to identify a ‘silent’ area for the
approach and then to remove the lesion. The patient recovered from
surgery with no neurological deficit. The use of neuromonitoring
techniques for lesions in this particular anatomical localization has
obviously not been reported before and therefore this is an original
contribution.
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