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Abstract

Intraoperative combined SEP and BAEP monitoring
provides a high level of safety for patients undergoing
high risk intrarcranial surgical procedures. We per-
formed this type of monitoring in a rare case of
choroid plexus angioma, embedded into the pulvinar
of the right thalamus, which was resected via a trans-
callosal approach. The SEP pattern deteriorated dur-
ing parietal brain retraction and thalamic dissection,
but never completely disappeared. The BAEP pattern
remained unchanged during the entire operation. The
patient suffered incomplete hemiparesis postopera-
tively, but recovered completely within 10 days. After
this time the SEP pattern returned to normal. This
case points out that pathological change of intra-
operative SEP pattern without loss of components
suggests an incomplete hemiparesis. There is, how-
ever, a good chance of full recovery in the early
postoperative period.
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1 Introduction

Intraventricular vascular disorders such as an-
eurysms [13] and arteriovenous malformations
[17} occur only rarely. Only four of 500 patients
in YASARGIL’s series suffered from choroidal
plexus AVM’s [17].

The most frequent clinical symptoms of these
deformations are sudden onset of severe head-
ache, vomiting, and, sometimes, meningism
and unconsciousness [15] similar to that caused
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by subarachnoid hemorrhages [4]. CT shows
intraventricular hemorrhage in most cases, ac-
cording to the location of the lesion [3, 6, 12,
13, 15, 17].

Supratentorial intraventricular lesions can be
approached either transcortically or transcal-
losally. Cortical incisions can be made in the
region of the middle temporal gyrus [6, 15] or
at the parietal lobe near the midline [3, 4, 5].
Approach via partial temporal lobe resection
[6] or resection of latero-basal parts of the
temporo-occipital region [5] has also been de-
scribed. YASARGIL prefers an approach through
the surface of the precuneus [17]. A further
possibility of approaching the lateral ventricle
can be provided by transcallosal dissection [13].

Regardless of the surgical approach chosen,
surgical treatment of intraventricular vascular
disorders remains a sophisticated and danger-
ous procedure which involves highly vulnerable
structurs.

A case of small intraventricular AVM 1n the
trigone is reported. In this case intraoperative
monitoring by means of somatosensory (SEP)
and auditory brainstem (BAEP) evoked poten-
tials greatly reduced the risks of operation.

2 Case report and techniques

In the morning of June 13th, 1988, a 26-year-
old pregnant woman suffered a severe attack
of headache followed by vomiting. A few hours
later somnolence developed and the patient was
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Figure 1. a: CT presents a small AVM in the right trigone, embedded into the pulvinar of the thalamus.
b: Postoperative CT control: small hypodense area in the former AVM localization.
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Figure 2. Preoperative angiography: small AVM in the right trigone fed by the medial posterior choroidal
artery. The arrow indicates the AVM. a: ap angiogram. b: lateral angiogram.

admitted to a hospital. The patient was trans- directed reaction to pain stimulus, small pupils
ferred to our department on the evening of with reduced reaction to light, and a mild ten-
June 13th, 1988, because of further clinical dency to flexion position in the upper extrem-
deterioration. Upon admission she showed ities. There were no signs of meningism or
- signs of severely impaired consciousness, un- motor neurologic deficit. CT revealed a severe

Neurosurg. Rev. 16 (1993)



Witzmann et al, Evoked potentials in angioma removal

73

Figure 3. Postoperative angiography: the AVM has been completely removed. a: ap angiogram. b: lateral

angiogram.

intraventricular hemorrhage with blood clots
in all four ventricles and dilatation of the su-
pratentorial ventricular system. Immediately
after diagnosis a bilateral frontal burr hole was
cut and ventricular drains were inserted on
both sides. The patient was then transferred to
the intensive care unit where pregnancy was
interrupted on June 27. CT and angiography
performed after absorption of blood showed a
small intraventricular haemangioma on the
right, which was embedded into the pulvinar
of the thalamus (Figure 1a). The angioma was
fed by the medial posterior choroidal artery
(Figure 2). During the following weeks she
recovered completely. On July 26, a right pari-
etooccipital craniotomy was performed and the
angioma was completely removed via a tran-
scallosal approach (Figures 1b, 3).

2.1 Monitoring procedure and results

Cerebral function monitoring during the sur-
gical procedure was carried out by SEP (me-
dian and tibial nerve stimulation) and BAEP
recording. The median nerve was stimulated
simultaneously on both sides. This was fol-
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lowed by alternating stimulation of the right
and left tibial nerves and alternating stimula-
tion of the two ears. Electrodes for SEP re-
cording were placed in a modified C3’, C4’,
and Cz pattern [16]. BAEP recording electrodes
were placed at A1 and A2. Reference electrodes
were placed at FPz (SEP recordings) and Cz
(BAEP recordings). Stimulation and recording
procedures have been described in detail else-
where [16]. The basic “circular” monitoring was
adapted to the surgical situation and the struc-
ture involved. SEP recording in response to
tibial nerve stimulation was performed mainly
during dissection of cortical veins draining to
the sinus sagittalis superior and during parietal
brain retraction. The median nerve was usually
stimulated during thalamic angioma dissection.
A few BAEP recordings were also carried out
during this stage of surgery.

The amplitude of tibial nerve SEP’s was de-
pressed to a greater degree in the right hemi-
sphere than in the left, even after induction of
anaesthesia. Parietal brain retraction and vein
dissection led to a considerable increase of am-
plitude depression as well as prolongation of
the latency of the P40 component (Figure 4).
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Figure 4. Intraoperative SEP response to tibial nerve stimulation. Parietal brain retraction causes amplitude
depression and prolongation of latency of the P40 component over the right hemisphere. No recovery before

the end of operation.

The thalamic dissection of the angioma was
followed by a severe depression and prolon-
gation of the latency of the cortical response
elicited by median nerve stimulation over the
right hemisphere (Figure 5). These SEP distur-
bances persisted even after the end of surgery.
BAEP recording was disturbed by external ar-
tefacts, but potentials remained interpretable:
they remained unchanged (Figure 6). At the
end of the surgical procedure the tibial nerve
SEP pattern showed remarkable amplitude de-
pression and latency delay. The median nerve
SEP pattern revealed both considerable latency
delay and amplitude depression. The BAEP
pattern remained unchanged and, although
pathological changes in SEP pattern did occur,
the evaluated components (P40, N20) were
never lost throughout the entire procedure.

2.2 Postoperative course

The patient was kept under barbiturates for
two days. After regaining consciousness she
revealed considerable left hemiparesis but re-
covered completetly within ten days. The pa-
tient was then able to support herself without
aid and walk. By the 15th day after the oper-
ation the median nerve SEP pattern as well as
the auditory evoked response had completeley
returned to normal (Figures 5, 6). At this point
she began to suffer genuine peripheral facial
nerve palsy. CT did not offer any explanation
for this. She was transferred to a neurological
unit for the medical as well as physical treat-
ment of the VIIth nerve palsy, and recovered
after three weeks of treatment.

Figure 6. Intraoperative brainstem auditory evoked potentials: traces are contaminated by artefacts from
thalamic dissection until the end of operation. Components are, however, recognizeable. No change through-

out the entire operation.
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Figure 5. Intraoperative SEP in response to median nerve stimulation. Thalamic dissection is followed by
considerable depression and latency delay of the N20 component over the affected hemisphere. No recovery
before the end of operation. Full recovery at the 15th day after operation.
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3 Discussion

We chose the transcallosal approach because
of the relatively short distance to the intrav-
entricular space and the small risk of approach-
related neurologic deficits [13].

SEP monitoring is now well established in an-
eurysm surgery [9—11, 14] and has been used
increasingly often during intracranial tumor re-
moval [1, 16]. BAEP monitoring has mainly
been used during surgery for infratentorial le-
sions [8, 16]. There are only a small number of
reports concerning the use of evoked potential
monitoring in spinal [7] or intracranial [2] AVM
resection in the literature.

As demonstrated previously [16], intraoperative
loss of the SEP component N20 and BAEP
components III and V before the end of oper-
ation indicates poor recovery in the postoper-
ative period and a poor final outcome. The

References

[1] GreenBerRG RP, TB Ducker: Evoked potentials
in the clinical neurosciences. J Neurosurg 56
(1982) 1—18

[2] GrunpY BL, PB NELsoN, A Lina, RC HEeros:
Monitoring of cortical somatosensory evoked
potentials to determine the safety of sacrificing
the anterior cerebral artery. Neurosurgery 11
(1982) 64 —67

[3] HamEer J: Small angioma of the choroid plexus
as a cause of primary intraventricular haemor-
rhage. Acta Neurochir 47 (1979) 83 —89

[4] Hopge CL Jr, RB KiNG: Arteriovenous mal-
formation of choroid plexus. J Neurosurg 42
(1975) 457—461

[5] Jumasz J: Surgical treatment of arteriovenous
angiomas localised in the corpus callosum, basal
ganglia and near the brainstem. Acta Neurochir
40 (1978) 83—101

[6] MaTsusHiMA M, T YamamMoTOo, M MOTOMOCHI,
K AnDO: Papilloma and venous angioma of the
choroid plexus causing primary intraventricular
hemorrhage. Report of two cases. J Neurosurg
39 (1973) 666—670

[71 Owen MP, RH BrowN, RF SPETZLER, CL NasH

- Ir, JS BroDKEY, FE NULSEN: Excision of intra-
medullary arteriovenous malformation using in-

attending surgeon should, therefore, promptly
change his strategy or even interrupt surgery if
loss of SEP and/or BAEP components occurs.
The case discussed in this report demonstrates
the significance of a combined SEP and BAEP
monitoring during high risk operations. The
SEP responses deteriorated during the opera-
tion, but were never lost. This bioelectrical phe-
nomenon was reflected in postoperative incom-
plete hemiparesis which recovered within 10
days. This hemiparesis was probably partly due
to the mechanical disturbance caused by thal-
amic AVM dissection, but mainly due to tem-
porary change of the regional cerebral blood
flow pattern. After clinical recovery the SEP
pattern also reverted to normal.

In conclusion, this case stresses the usefulness
and significance of multimodal intraoperative
evoked potential monitoring for the prognosis
of outcome of high risk surgical procedures.

traoperative spinal cord monitoring. Surg Neu-
rol 12 (1979) 271 276
[8] Raupzens PA, AG SHETTER: Intraoperative
monitoring of brainstem auditory evoked po-
tentials. J Neurosurg 57 (1982) 341 —348
[9] ScuraMM J: Intraoperative monitoring with

evoked potentials in cerebral vascular surgery
and posterior fossa surgery. In: DesMEDT JE
(ed): Neuromonitoring in Surgery. Clinical Neu-
rophysiology, Updates I, Elsevier Science Pub-
lishers BV (Biomedical Division), Amsterdam —
New York —Oxford 1989

[10] Symon L, T MuURrOTA: Monitoring somatosen-
sory evoked potentials during vascular surgery.
In: DesMEDT JE (ed): Neuromonitoring in Sur-
gery. Clinical Neurophysiology, Updates I, El-
sevier Science Publishers BV (Biomedical Divi-
sion), Amsterdam —New York —Oxford 1989

[11] Symon L, AD Wang, IE Costa E SiLva, F
GENTILL Perioperative use of somatosensory
evoked responses in aneurysm surgery. J Neu-
rosurg 60 (1984) 269—275

[12] TowrigHt J, LT BILANIUK, RA ZIMMERMANN,
TW LANGFITT, NK GonTALAS: Hemorrhage in
bilateral choroid plexus hemangiomas demon-
strated by computed tomography. Case report.
J Neurosurg 45 (1976) 218 —222

Neurosurg. Rev. 16 (1993)



Witzmann et al, Evoked potentials in angioma removal

{13} UNGERSBOCK K, A PERNECZKY: Intraventricular
aneurysm of the medial posterior choroid artery
clipped via the contralateral transcallosal ap-
proach. Acta Neurochir 82 (1986) 24—27

[14] Vaiencak E, A WITZMANN, F REISECKER, W
LOFFLER: Intraoperative somatosensorisch evo-
zierte Potentiale (SSEP) in der Chirurgie cere-
braler Aneurysmen: Topische Aussagen. Schw
Arch f Neurochir und Psychiatr 137 (1986) 61 —
76

[15] Waca S, S SumMosaka, T Konma: Arteriovenous
malformations of the lateral ventricle. J Neu-
rosurg 63 (1985) 185—192

Neurosurg. Rev. 16 (1993)

77

[16] WiTzMANN A, F REISECKER: Auditory and so-

matosensory evoked potentials monitoring in
tumor removal and brainstem surgery. In: DEs-
MEDT JE (ed): Neuromonitoring in surgery. Clin-
ical Neurophysiology. Updates I, Elsevier Sci-
ence Publishers BV (Biomedical Division), Am-
sterdam — New York —Oxford 1989

[17] YasarGIL. MG: Microneurosurgery III A.

Thieme, Stuttgart—New York 1987

Submitted January 7, 1991. Accepted May 2,
1991.

Univ. Doz. Dr. Alfred Witzmann
Neurochirurgische Abteilung
Landeskrankenhaus Feldkirch
Carinagasse 47

A-6807 Feldkirch

Austria



