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Summary: We describe a technique for recording electroen-
cephalographic and evoked-potential information directly from
the cerebral hemispheres and brain stem, via an endovascular
approach. Recordings were performed with polytef-insulated
guide wires in the course of interventional angiographies in 23
patients. All registrations were compared with simultaneous re-
cordings from extracranial electrodes. This preliminary study
raises the possibility that this technique may help to explore the
electric activity of deep cerebral structures otherwise accessible
only by stereotactic puncture or electrode insertion.
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neuroradiology

Intracranial electroencephalographic (EEG)
recordings usually are carried out as a preoper-
ative diagnostic procedure in patients with oth-
erwise intractable epileptic seizures. In applying
surface electrodes, burr holes, craniotomy, or
puncture of the foramen ovale is used (1, 2).
For intracerebral recordings, stereotactic brain
punctures may be necessary (3).
As an alternative, we did electroencephalo-

graphic and evoked-potential recording in-
tracranially during interventional angiographies
from specially prepared guide wires.

Methods

Patients and Angiographies

Recordings were performed in 23 patients from whom
informed consent had been obtained. There were 10
women and 13 men with an age range of 29 to 79 years.
The angiographic procedures all were carried out supers-
electively with a Tracker-18 microcatheter (Target Thera-
peutics, San Jose, Calif) because of intended emboliza-
tions of glomus tumors (n 5 1), meningiomas (n 5 16),
calvarial metastases (n 5 1), and arteriovenous angiomas
(n 5 5) in the territories of the middle meningeal artery
(n 5 16), basilar artery (n 5 4), and anterior (n 5 1) and
middle (n 5 2) cerebral arteries. There were no complica-
tions and no interference with the embolizations, which
were carried out immediately after the recordings.

EEG and Evoked Potential Recording

EEGs (15 cases) and evoked potentials (8 cases) were
recorded from Seeker-10 guide wires covered continu-
ously with polytef. The noninsulated distal platinum tip
was 3 to 60 mm long. It was used as the different intraar-
terial electrode. The proximal end of the steel shaft was
connected to the recording unit (Schwarzer Encephalo-
script ED 14, Picker, München, Germany, and Tesy II, Fa.
Tönnies, Freiburg, Germany). All recordings were per-
formed with the usual parameters without special amplifi-
cation or filters. The somatosensory evoked potentials
were evoked by a series of 512 electric stimuli to the
contralateral median nerve and the auditory evoked po-
tentials by a series of 1026 ipsilateral click impulses (brain
stem evoked-response auditometry program [4]). In vitro
measurements revealed a conductive resistance of the
guide wire of 50 V and showed no dependence of the
recording properties on the length of its noninsulated tip. In
all cases, conventional extracranial EEG and evoked-po-
tential recording was done simultaneously from needle
electrodes.

Results

EEG

In the 11 EEG recordings from the middle
meningeal artery, the tip of the guide wire was
advanced into the frontoparietal branch and
thus placed over the outer surface of the tem-
poral lobe. From this position, frequent groups
of slow alpha and theta waves were recorded
with potentials 2 to 4 times larger than those
from the simultaneous extracranial registrations
in 8 of 11 patients (Fig 1). These potentials dis-
appeared when the tip of the electrode and the
catheter were retracted below the cranial base.
In the remaining three cases without these

special large and slow waves, the tip of the
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Fig 1. Intracranial recording of EEG from temporal lobe. A
50-year-old woman with parietal meningioma.

A, Selective angiography of middle meningeal artery.
B, Tip of guide wire electrode (.) over outer surface of

temporal lobe. Extracranial needle electrodes in frontal (F),
temporal (T), and parietal (P) positions.

C, EEG from intracranial (Cath-A) and simultaneous ex-
tracranial frontal (F-A), temporal (T-A), and parietal (P-A)
registrations and electrocardiogram (ECG). Note higher ampli-
tude and frequent slow alpha and theta waves in intracranial
recording.
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guide wire was situated not directly over the
temporal lobe, but on the outer surface of the
mengioma.
In four other patients, EEGs were recorded

from the brain stem (basilar artery, one case)
and the outer surface of the parietal (middle
cerebral artery branches, two cases) and the
frontal (callosomarginal artery, one case) lobes.
In contrast to the recordings from the temporal
lobe, no obvious differences in amplitude and
frequency were seen as compared with the ex-
tracranial registrations.

Somatosensory Evoked Potentials

To reach a position near the central sulcus,
we recorded these potentials from the petro-
squamosal branch of the middle meningeal ar-
tery in four cases and from a posterior parietal
branch in one case. In all these examinations,
the distal noninsulated platinum tip of the guide
wire electrode was 3 mm long. The latencies of
the evoked potentials registered from the mid-
dle meningeal artery were similar to those from
the simultaneous extracranial recordings,
whereas the amplitude depended on the posi-
tion of the tip of the guide wire electrode. In two
cases, the amplitude reached the level of the
extracranial recordings from the central sulcus
(Fig 2), whereas otherwise it decreased with
increasing distance from this point.

Auditory Evoked Potentials

In 3 patients, auditory evoked potentials
were registered from guide wire electrodes
advanced into the basilar artery. Again, the
latencies of the peaks were similar in the in-
tracranial and extracranial recordings. In regis-
trations from a proximal position at the verte-
brobasilar junction, the amplitudes of the early
peaks II and III were especially pronounced
and higher than in the extracranial registra-
tions (Fig 3).
Recordings from the distal part of the basilar

artery and from the peduncular segments of the
posterior cerebral arteries showed a larger am-
plitude of peaks IV and V, and in two cases a
sixth and seventh peak could be identified. Re-
traction of the electrode to the proximal position



again showed a pronunciation of the early
peaks.

Discussion

Intraarterial registrations of EEG and evoked
potentials can be performed by intraarterial
guide wire electrodes in the course of selective

angiographies. In the rare cases in which this
technique has been used before in animal ex-
periments (5, 6) and in humans (7, 8), the am-
plitude of the EEG potentials also was higher
than in the extracranial recordings. In the ba-
boon (6) and in one patient with a recurrent
stroke (8), similar large and slow alpha and
theta waves were recorded as in our eight cases

Fig 3. Intracranial recording of
auditory evoked potential (AEP). A
52-year-old man with small arterio-
venous angioma.

A, Selective angiography of
basilar artery.

Tip of guide wire electrode (.)
B, at vertebrobasilar junction and D,
below basilar tip. Auditory evoked
potentials (I-V) from intracranial
(Cath) and extracranial mastoid (M)
registrations from C, proximal and
E, distal position of the intrabasilar
electrode. Pronunciation of peak III
in intracranial recording from verte-
brobasilar junction and increasing
peak V in intracranial recording
from distal part of basilar artery.

Fig 2. Intracranial recording of somatosensory evoked potential. A 56-year-old man with temporal meningioma. A, Selective
angiography of middle meningeal artery.

B, Tip of guide wire electrode (.) over posterior part of temporal lobe. Extracranial needle electrode in parietal position (C49)
registration.

C, Somatosensory evoked potential (SEP) (N20) from intracranial (Cath) and simultaneous extracranial (C49) registration. Similar
latencies and amplitudes in both registrations.
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with electrodes over the surface of the temporal
lobe. A low-frequency pattern of temporal dis-
charge also was observed in young patients
from sphenoidal electrodes (9).
In our cases, these potentials disappeared af-

ter retraction of the electrode below the cranial
base and similar large and slow potentials were
not seen in recordings from other cerebral ar-
eas. Nevertheless, a conclusion with regard to
the region of generation of these potentials has
to be drawn with caution because the relation
between the potentials recorded from subcorti-
cal, cortical, and scalp electrodes is rather com-
plex (10, 11).
Somatosensory evoked potentials have been

reported using intraarterial guide wires in the
baboon with good results (6). According to our
results, somatosensory evoked potentials can
be recorded in the human with similar latency
and amplitude as from conventional extracra-
nial registrations if the tip of the guide wire elec-
trode can be advanced to a point near the cen-
tral sulcus. Better results might be expected
from recordings from the postcentral branch of
the middle cerebral artery.
The same dependence on the position of the

electrode tip applies to the auditory evoked po-
tentials recorded from the basilar artery. In the
proximal position, a pronounced second and
third peak could be registered, which are sup-
posed to be generated in the auditory nerve and
the olivary nucleus (12). The structures are in
close vicinity to the vertebrobasilar junction,
where the tip of the guide wire electrode was
situated. If it was advanced to a more distal
position, the later peaks IV and V that probably
originate in the upper brain stem (12) were
more pronounced, but not as much as the early
peaks recorded from the proximal position. This
may be because the auditory loop runs to the
dorsal part of the pons and mesencephalon,
whereas the basilar artery remains on its ventral
surface.
Despite the limited time of registration and

number of electrodes that can be applied, we
regard this intraarterial recording technique as
an additional method to register the electric
phenomena of deep cerebral structures other-
wise only accessible by direct puncture. If ap-
plied in the course of interventional angiogra-
phy, it carries no undue additional risk and may
contribute to the understanding of the genera-
tion of these potentials in physiologic and
pathologic conditions, as, for example, in com-
bination with a selective Wada test (13, 14).
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