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Monitoring for Skull Base Surgery

Intraoperative electromyographic (EMG) monitor-
ing for protecting the integrity of the ocular motor
nerves has been described by several groups.'-5 How-
ever, these methods so far have not been widely popu-

larized, due to the difficulty and complexity of the pro-

cedures involved. We have reported elsewhere6 an

electro-oculographic (EOC) technique for such a pur-

pose, which is extremely simple and far more reliable.
We describe here the details of our technique and dis-
cuss its efficacy for preserving ocular motor nerve func-
tions during skull base surgery, and present some repre-

sentative cases.

METHODS

Total intravenous anesthesia was maintained by
administering propofol and fentanyl without using mus-

cle relaxants except for intubation. In general, the dose
of propofol was kept at approximately 10 mg/kg/hr dur-
ing surgery and a bolus injection of 1 or 2 ,u/kg of fen-
tanyl was added on the basis of the patient's heart rate
and blood pressure. To stimulate the cranial nerves elec-
trically during surgery, a monopolar stimulator was

used. The tip diameter of this stimulator is 0.75 mm, and
it is made of malleable silver. The portion 7 cm from the
head of the stimulator can be bent as necessary so that
the stimulator, with its small and bendable tip, can reach
a deep and narrow operative field. Cathodal stimulation
was performed through this electrode, and an anodal
electrode was placed on Fz (International 10-20 sys-

tem). Rectangular pulses of 0.2-msec duration were ap-

plied with a repetition rate of 3 times per sec. The stim-
ulus intensity that we used was restricted to up to 3 mA
in the present study.
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Figure 1. Surface electrodes were plac
around the eyeball. For channel 1, the ac

was placed on the right side and the elect
ence on the left side. For channel 2, the a

was placed on the upper side of the eyeball
ence on the lower side.

The cornea is positively charged r(

retina, giving rise to a corneo-retinal po
ence, which reaches the millivolt level
Marg7 has thus stated that "the eyeball m'
of as a rotatable battery situated within
medium." EOG detects movements of th4
response observed in the resting potentia
the periorbital skin.8 This technique is co

in the field of ophthalmology, and provi
nient noninvasive means of examining t]
directions of the eyeball. Surface electrode
on the periorbital skin, as shown in Fig. I

1, the active electrode was placed on the
the electrode for reference on the left side
2, the active electrode was placed on the
the eyeball and the reference on the lower
face electrodes used here were conventic
were identical to those used for recording
grams. The bandpass ranged from 5 Hz t
signal processing was needed.

RESULTS

Intraoperative EOG monitoring was

cases with brain tumors close to the skull
there was some possibility that the ocular
might suffer injury during surgery. These c
six large cerebellopontine angle tumors,
apex meningiomas, and two cavernous sin

Electrical Stimulation-induce
Responses

It proved possible to record EOG resp
trical stimulation of the oculomotor nerv

12 10 cases in which this nerve was exposed

- CHANNEL 1 erative field. Electrical stimulation of the left oculomo-
tor nerve consistently elicited a positive monophasic
wave in traces from the pair of electrodes in a horizontal
orientation (channel 1), indicating movements of the
eyeball toward the right side, whereas stimulation of the
right oculomotor nerve elicited a negative wave, indi-
cating movements of the eyeball toward the left side.

-CHANNEL2 The oculomotor nerve was identified by visual inspec-
tion during surgery in all of the present cases. The elec-
trical stimulation-induced EOG responses provided lit-
tle additional information concerning the location of the

:ed on the skin oculomotor nerve, but were useful in two cases to detect
tive electrode a segment of the oculomotor nerve that was located be-

'tide flectrrefe hind or involved in the tumor mass before such a seg-
and the refer- ment was exposed within the operative field. Thus, elec-

trical stimulation activated the oculomotor nerve
located beneath the tumor tissue, insofar as the stimula-
tion was applied to the proximity of the oculomotor

elative to the nerve.
itential differ- It proved possible to record EOG responses to elec-
I in humans. trical stimulation of the abducent nerve in all of the 11
ay be thought cases in which this nerve was exposed within the opera-
a conducting tive field. Electrical stimulation of the left abducement
e eyeball as a nerve consistently elicited a negative monophasic wave
il recorded at in traces from the pair of electrodes in a horizontal ori-
,mmonly used entation (channel 1), indicating movements of the eye-
ides a conve- ball toward the left side, whereas stimulation of the
he movement right abducent nerve elicited a positive wave, indicating
-s were placed movements of the eyeball toward the right side. Thus,
For channel the oculomotor and abducent nerves of the same side

right side and could be clearly differentiated on the basis of the oppo-
For channel site polarity of their EOG responses. In seven cases, a

upper side of segment of the abducent nerve located behind the tumor

side. The sur- mass was identified from EOG responses before this
)nal ones that nerve was actually exposed within the operative field.
electrocardio- Thus, electrical stimulation activated the abducent
to 3 KHz. No nerve located beneath the tumor tissue or the dura, inso-

far as the stimulation was applied to the proximity of the
abducent nerve.

We attempted to record EOG responses to electri-
cal stimulation of the trochlear nerve in the four earlier
cases when this nerve was exposed within the operative

lied in 12 field. However, no consistent EOG responses were

bappiedin 1m recorded with either the pair of electrodes in a horizon-
base in whom tal orientation (channel 1) or the pair of electrodes in a

lases included vertical orientation (channel 2). In the subsequent eight
four 1etrosal cases, we abandoned the pair of electrodes in a vertical
frpetrosa orientation because the oculomotor and abducent nerves

Ius tumors. could be consistently identified and their function was

satisfactory, monitored only with the pair of electrodes
placed in a horizontal orientation.

bd EOG

Mechanically Induced EOG Responses
)onses to elec-
e in all of the In seven cases, EOG responses elicited by surgical
within the op- manipulation were recorded in the pair of electrodes in a
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horizontal orientation (channel 1) as polyphasic waves
during mechanical dissection of the oculomotor and/or
abducent nerves from the tumor tissue. While an electri-
cal current associated with hemostatic coagulation may
cause similar EOG responses, electrical artifacts pre-
vented such responses from being detected. The me-
chanically induced EOG responses usually consisted of
multiple spiky waves followed by a slow wave. The po-
larity of the multiple spiky waves was opposite to that
of the electrical stimulation-induced EOG responses. In
the present series of cases, we attempted to avoid the in-
duction of a prolonged EOG response with a polarity
opposite to that of the electrical stimulation-induced
EOG responses because such a response could indicate
cessation of nerve function. None of these cases demon-
strated any new postoperative deficit in their ocular
movements.

ILLUSTRATIVE CASES

Case 1

This 52-year-old woman presented with a large
acoustic neurinoma of the left side (Fig. 2). She had
been operated on 1 year previously via a suboccipital
approach at another hospital and the caudal one third of
the tumor had been excised. She had then developed
ataxic gait progressively and referred to our service. Her
ocular movements were intact preoperatively. She un-
derwent excision of the tumor via a combined presig-
moid transpetrosal approach. Electrical stimulation of
the trochlear nerve did not elicit any evident EOG re-
sponses. During piecemeal excision of the tumor, the tu-

Figure 2. Preoperative MRI in Case 1, revealing a
large mass lesion in the cerebellopontine angle.

IsoJAV
LEFTEYE o 5 10ms

Figure 3. Intraoperative recordings elicited by in-
tracranial stimulation. In the left eyeball, when the sur-
geon stimulated the abducent nerve, an ocular movement
toward the left side was induced. It yielded a negative
wave. 1 A = active electrode of channel 1; 1 R = reference
electrode of channel 1; 2A = active electrode of channel
2; and 2R = reference electrode of channel 2.

mor mass was stimulated intermittently to confirm the
extent of the facial and abducent nerves. The surgeon
sometimes used the stimulation electrode as a tumor
dissector while electrical stimulation was continued.
Just before the surgeon identified the abducent nerve vi-
sually, electrical stimulation-induced EOG responses
were detected. Electrical stimulation of the abducent
nerve elicited ocular movements toward the left side,
yielding a clear negative monophasic wave with a high
reproducibility in traces obtained from the pair of elec-
trodes in a horizontal orientation (Fig. 3). The postoper-
ative ocular movement was full, and gross total excision
of the tumor was confirmed by postoperative magnetic
resonance imaging (MRI) (Fig. 4). The findings in this
case indicated that application of the stimulation elec-
trode as a tumor dissector with continued electrical
stimulation was useful for earlier identification of the
ocular motor nerves.

Figure 4. Postoperative MRI in Case 1. 13
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Figure 5. Preoperative MRI in Case 2, revealing an
enhanced mass lesion in the left petroclival region.

Case 2

This case was a 69-year-old woman who had a
petroclival meningioma on the left side (Fig. 5). Her oc-
ular movements were intact preoperatively. She under-
went excision of the tumor via a combined presigmoid
transpetrosal approach. The electrical stimulation-
induced EOG responses obtained in this case were use-
ful for detecting a segment of the oculomotor nerve dis-
placed by the tumor mass before such a segment was ex-
posed within the operative field. Electrical stimulation
of the oculomotor nerve provoked a clear negative
monophasic wave in traces from the pair of electrodes
in a horizontal orientation (Fig. 6). A segment of the ab-
ducent nerve located beneath the tumor mass was also
identified from EOG responses observed before this
nerve was exposed in the operative field. A similar EOG

LEFT EYE .
0 5 10ms

Figure 6. In the left eyeball, when the oculomotor
nerve was stimulated intracranially, an ocular movement
towards the right side was induced. It yielded a clear
monophasic positive wave with a high reproducibility. The

14 electrode placements were the same as in Fig. 1.
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MANIPULATION MANIPULATION

Figure 7. Ocular movements recorded an intermit-
tent multiple spiky waves when the surgeon manipulated
the abducent nerves mechanically in Case 2.

response to those obtained in case 1 was noted when the
abducent nerve was stimulated. EOG responses were
also elicited by surgical manipulation performed during
mechanical dissection of the abducent nerves from the
tumor tissue (Fig. 7). The postoperative ocular move-
ment was full, and MRI demonstrated total removal of
the tumor except for immediately adjacent to the abdu-
cent nerve (Fig. 8). The findings in this case suggested
that monitoring of mechanically induced EOG re-
sponses may be useful for avoiding damage to the ocu-
lar motor nerves.

DISCUSSION

Techniques for intraoperative electrical stimulation
of cranial nerves have been reported by several investi-
gators.9'10 Broadly speaking, these techniques can be
separated into two groups: monopolar and bipolar stim-

Figure 8. Postoperative MRI in Case 2.
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ulations. Each method has certain advantages and disad-
vantages.15 In the present study, we used monopolar
stimulation, mainly because a monopolar electrode is
easy to manipulate and can be utilized also as a tumor
dissector. Although we do not intend to discuss the se-
lection of stimulation techniques here, emphasize that
the use of a stimulation electrode as a tumor dissector
with continued electrical stimulation was useful for ear-
lier identification of the ocular motor nerves.

Among the above intraoperative electrophysiologi-
cal monitoring methods that have so far been reported to
protect the ocular motor nerves, all (insofar as we are
aware) have used EMG of the extraocular muscles
recorded with a needlel-3 or special ring electrode.4,5 It
is often difficult and a highly skilled technique is re-
quired, to insert needle electrodes into the extraocular
muscles precisely because the latter are exceedingly
thin and exist in the deep part of the orbit where they
must be reached almost blindly. Sekhar's methods for
monitoring the function of the oculomotor and abducent
nerves involved needle electrodes inserted transcuta-
neously near the orbital muscles and, in other patients,
directly into these muscles, which were exposed after
orbital osteotomy. I Sekiya et al.4'5 stimulated the ocular
motor nerves intracranially, and recorded the compound
muscle action potential directly from the extraocular
muscles with a ring electrode that they developed for
this purpose. Even these methods cannot be performed
quickly without some extent of invasion of the patient
and the use of special tools.

In contrast, our new recording technique is simple
to apply and noninvasive. The present study further in-
dicated that this procedure is sufficiently sensitive to
identify the location of the ocular motor nerves. The
trochlear nerve, however, was not identified by the EOG
technique. This appears to be related to how the
trochlear nerve acts upon the eyeball. The trochlear
nerve imparts rotational movements to the eyeball, and
such movements are not discernible by EOG. Impair-
ment of trochlear nerve function has been said to give
rise to less serious clinical effects than impairments of
the oculomotor and abducent nerves.3 The inability of
EOG to monitor the trochlear nerve function does not
therefore detract seriously from the usefulness of this
technique.5

In addition, the present study demonstrated that
mechanical manipulation of the ocular motor nerves can
induce EOG responses. In our experience, this type of
response is not observed in EMG of extraocular mus-
cles. Because the polarity of the multiple spiky waves of
the mechanically induced EOG responses was opposite
to that of the electrical stimulation-induced EOG re-
sponses, the former responses could represent transient
cessation of function of the manipulated nerve rather
than mechanical stimulation. It would not be surprising
if EMG of extraocular muscles was unable to detect
such an event. Although a definitive conclusion awaits
further studies, this aspect may potentially represent an-
other advantage of intraoperative EOG monitoring. Fu-
ture investigations should focus on the relationship be-
tween postoperative deficit in the ocular movements
and intraoperative changes in the EOG recordings.
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