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Monitoring of Hemispheric or Brainstem Functions with
Neurophysiologic Methods during Interventional

Neuroradiology

W. Hacke,' H. Zeumer, and E. Berg—-Dammer

Interventional neuroradiology, sometimes requiring full anes-
thesia, is now performed in high-risk patients. The neurologic
state of an anesthetized patient cannot always be sufficiently
evaluated during the neuroradiologic examination. In such cases
neurophysiological methods provide information about some
aspects of the patient’s cerebral condition. Three useful neuro-
physiological methods for monitoring hemispheric or brainstem
functions during the neuroradiologic procedure are on-line or
Fourier-transformed electroencephalographic (EEG) analysis;
the monitoring of somatosensory-evoked potentials; and the
monitoring of brainstem acoustic-evoked potentials. All methods
can be done in the operating room with small, mobile equipment.

Interventional neuroradiology has created new diagnostic and
therapeutic approaches, including reversible or definitive occlusion
of extra- or intracranial arteries by balloon catheters, therapeutic
embolization, and selective local thrombolytic therapy. These pro-
cedures influence a patient's neurologic state, and are not without
an element of risk. The change of the neurologic state of the patient
cannot always be sufficiently controlled by clinical methods alone
during these procedures, especially if anesthesia is needed or the
patient is unconscious. In these cases neurophysiologic methods
give objective data about changes in a patient’s brain function.

We have found three neurophysiologic methods useful for the
continuous monitoring of cerebral functions during interventional
neuroradiology. The three methods are on-line conventional or
Fourier-transformed electroencephalography (EEG), which is used
to monitor hemispheric function; continuous recording of brainstem-
evoked acoustic potentials, used for monitoring brainstem func-
tions; and continuous recording of somatosensory-evoked cortical
potentials, used for monitoring both hemispheric and brainstem
functions.

Methods and Applications

EEG Monitoring

Serebinenko [1] discussed the possibility of electrophysiologic
studies during therapeutic or diagnostic occlusion of the carotid
artery with balloon catheters. Several reports of the use of EEG
before and during operations on carotid arteries have recently been
published [2-4]. While most of the studies have conventional EEG
derivations, Chiappa et al. [4] reported the superior frequency

analysis of the intraoperative EEG compared with that of conven-
tional EEG. But their method could not be used for on-line monitor-
ing. They used bipolar EEG derivations recorded simultaneously on
tape, and performed frequency analysis afterward.

In 1981 Hacke et al. [5] described on-line Fourier-transformed
EEG analysis during reversible, diagnostic occlusion of the internal
carotid artery before neurosurgical operation. They used two bipolar
derivations with electrode positions P1-O; and P»-0, or C,-Ts and
C,-Ts according to the international 10/20 system. This examina-
tion can be done in the operating room with a small, mobile
“‘bedside’’ system, which records the conventional EEG signal and
simultaneously performs the Fourier-transformed frequency analy-
sis.

In figure 1 the EEG frequency analysis is demonstrated in a case
of a meningioma of the left sphenoid bone before, during, and after
an occlusion of the left internal carotid artery that lasted 8 min
There were no changes in the conventional EEG or in the Fourier-
transformed recording during the reversible occlusion, which indi
cated that the definitive occlusion of the internal carotid arter:
would probably be a well tolerated step during the neurosurgica
operation that would follow [5].

Because of the enormous influence of anesthetic agents on brair
functions, the method is only suitable for patients who do no!
undergo full anesthesia. The other two methods reported her:
concern biologic potentials not very much influenced by anesthesia

Evoked Potential Techniques

The use of sensory-evoked potentials is widely recognized i
various neurologic diseases like multiple sclerosis, tumors of th
cerebellopontine angle, space-occupying lesions of the posteri
fossa, brainstem ischemia, and spinal lesions [6-7]. In recent year
reports have appeared on the application of evoked potential tec! -
niques in the operating room. Feinsod et al. [8] and Wilson [
applied visual evoked potentials in monitoring intraorbital surgerv
or operations of pituitary adenomas. Brainstem acoustic-evoke |
potentials and somatosensory-evoked potentials were used in brai’ -
stem monitoring during neurosurgical operations in the postericr
fossa or the spinal cord [10].

The measurement of evoked potentials is based on signal ave -
aging techniques. Averaging leads to a signal enhancement 1
which the amplitude of the time-locked (stimulus-correlated) activi'y

a3

is enhanced relative to the random background activity of /2
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Fig. 1.—On-line Fourier-transformed EEG frequency analysis during re-
versible occlusion of left internal carotid artery.

1. ConTroL (AwAke )
NP2 N2 P2 M3

YA A |
\ / 5w

v
2, ConTROL ( DEEP ANESTHESIA )
BEFORE OCCLUSION

4. CONTROL AFTER REOPENING
DEEP ANESTHESIA

[2‘5 w

lo ms

Fig. 2.—Monitor record of right median nerve somatosensory-evoked
potential during reversible occlusion of left carotid artery (C,P3). Note loss of
late cortical components under anesthesia, single N20 peak 3 min after
occlusion, and recovery of N35 when occlusion was discontinued.

conventional EEG. The stimuli used can be visual, sensory, or
acoustic.

Somatosensory-evoked potentials consist of submicrovolt com-
ponents of short latency that reflect activity in spinal cord and
brainstem pathways, and of high amplitude, long-latency compo-
nents that reflect activity in thalamic and cortical structures. For
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Fig. 3.—Median nerve somatosensory potential during intraarterial strep-
tokinase therapy for basilar thrombosis.

example, stimulation of the median nerve typically elicits a negative
component at 20 msec, a positive component at 25-30 msec, and
subsequent negative and positive waves at 35 and 45 msec, re-
spectively. The N20 element represents the thalamocortical bundle
and the arrival of the afferent volley at the sensory cortex.

Figure 2 shows the somatosensory-evoked potential monitoring
of the median nerve during reversible occlusion of the internal
carotid artery in a patient with a fistula of the cavernous sinus. The
somatosensory-evoked potential of the contralateral median nerve
was recorded before anesthesia. The patient was then fully anes-
thetized and a control conducted before occlusion. This control
showed that the waves N20 and P25 remained stable, while the
other cortical components slowed. The continuous monitoring of
the somatosensory-evoked potentials during the occlusion showed
the P25 component (representing the primary cortical response to
the stimulus) vanished after 3 min. At this point occlusion was
immediately halted. The somatosensory-evoked potentials re-
covered within seconds.

The median nerve somatosensory-evoked potential can also be
used in monitoring brainstem functions. With minor changes in
electrode positions and filters, it is possible to record subcortical
components of the evoked potentials, the so-called short latency
somatosensory-evoked potentials. Because these potentials are
more vulnerable and influenced by biologic and technical artifacts,
we use the three early elements of the conventional cortical soma-
tosensory-evoked potentials for brainstem monitoring, too.

Figure 3 shows the changes of the initially pathologic median
nerve somatosensory-evoked potential in a patient with thrombosis
of the basilar artery before and after successful selective thrombo-
lytic therapy [11]. At the time therapy was started no early elements
of the right potentials could be detected. After the reopening of the
thrombosis a normal somatosensory-evoked potential was re-
corded.

Brainstem acoustic-evoked potentials consist of a series of five
to seven components of less than 1 pV amplitude, thought to
originate from sequential activation of the elements of the auditory
pathway in the brainstem. The brainstem acoustic-evoked potentials
are elicited by monaural clicks and recorded with needle electrodes
(Cz-Mst). In order to receive technically satisfactory potentials we
use 2,500 trials for averaging (filters 100-3,000 Hz). By using a
certain "'overlapping’’ technique a new acoustic potential is realized
every 4 min. All potentials are registered. The interpeak latency
between element Il and element V represents brainstem transmis-
sion time, which can also be measured continuously.
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Fig. 4.—Brainstem acoustic-evoked potential monitor record during local,
intraarterial streptokinase therapy for basilar thrombosis.
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Fig. 5.—Brainstem acoustic-evoked potential monitor record during strep-
tokinase therapy of thrombosis of vertebral artery.

Figure 4 shows six average recordings during thrombolysis of a
patient suffering from thrombosis of the basilar artery. The potential
initially indicated a mild desynchronization of the impulse transmis-
sion in the central acoustic pathways. During the therapy the
recovery of the acoustic brainstem potentials was demonstrated.
The monitoring of the brainstem acoustic-evoked potentials during
the thrombolysis provided continuous information about the increas-
ing synchronization of the propagation of impulses in the acoustic
pathways. It also would have permitted an early recognition of a
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possible deterioration during the neuroradiologic treatment (e.g.,
brainstem hemorrhage).

In two other patients we monitored brainstem acoustic- and
somatosensory-evoked potentials during a selective thrombolysis
of the vertebrobasilar system. In the first case no alterations of the
acoustic potential were recorded at the beginning of the therapy,
and there were no changes in the brainstem acoustic-evoked po-
tential during the effective thrombolysis of a large thrombus located
in the intradural part of the right vertebral artery (fig. 5). In the other
patient (who presented with an old bilateral vertebral occlusion) at
the beginning of the therapy we found only a very small wave I,
indicating a severe diffuse brainstem dysfunction. No cortical so-
matosensory-evoked potentials could be recorded. No changes
occurred in the evoked potentials during the therapy, nor was there
any reopening of the vertebral artery.

Conclusions

Neurophysiologic monitoring can serve as a control function
during interventional neuroradiology because the almost instant
information it provides about a patient’s condition can indicate when
a diagnostic or therapeutic procedure should be interrupted. It also
gives early indications of the success of the therapy, and reliable
information about the stability of a patient's hemispheric or brain-
stem functions while interventional neuroradiology is still going on.
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