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Evoked potential
monitoring during
posterior fossa
aneurysm surgery: a
comparison of two
modalities

Pirjo H. Manninen MD FRCPC,
Steven Patterson MD FRCPcC, Arthur M. Lam MD FRCPC,
Adrian W, Gelb M cnB Frcpc, William E. Nantau bsc

The purpose of this study was to compare and assess the ability
of two different evoked potential (EP) modalities , median nerve
somatosensory evoked potentials (SSEP) and brainstem audi-
tory evoked potentials (BAEP) in monitoring for cerebral
ischaemia and in predicting neurological outcome during pos-
terior fossa aneurysm surgery. During 70 procedures, patients
were monitored with both SSEP and BAEP Temporary oc-
clusion of an artery was used in 52 patients and permanent
occlusion in 21 patients. A change was defined as a greater
than 50% decrease in amplitude andfor an increase in latency
greater than | msec of the N20 (cortical waveform) for SSEP
monitoring and of the fifth peak for BAEP monitoring. Neu-
rological assessment of the patient was performed immediately
on emergence, afier 24 hr and at the time of discharge. In
total, 14 patients had an SSEP change which predicted a neu-
rological deficit in eight patients (57%). Ten patients had a
change in BAEP; six had a neurological deficit (60%). Five
patients had a change in both, two had a deficit (40%). The
incidence of false negative results (a neurological deficit but
no EP change) for both modalities was 20% (SSEP 47%, BAEP
60%). The incidence of false positive results (an EP change
but no deficit) was 13% overall (SSEP 11%, BAEP 7%). All
patients who had a permanent EP change developed a neu-
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rological deficit. We did not find a difference in the ability
of SSEP compared with BAEP in predicting neurological def-
icits but, using both modalities, the incidence of false negative
results was decreased. In conclusion, dual modality monitoring
should be used whenever possible as neither modality alone
was better than the other in detecting cerebral ischaemia and
in predicting neurological deficits.

Cette étude vise a évaluer et comparer la capacité de deux
méthodes de mesure des potentiels évoqués (EP) pour le mo-
nitorage de lischémie cérébrale et pour la prédiction du pro-
nostic neurologique pendant la chirurgie de la fosse postérieure:
les potentiels évoqués somatosensoriels du nerf médian (SSEP)
et les potentiels évoqués auditifs du tronc cérébral. Au cours
de 70 interventions, on monitorise a la fois les SSEP et les
BAEP L'occlusion temporaire d'une artére est réalisée chez 52
patients et l'occlusion permanente chez 21 patients. Un chan-
gement est défini comme une baisse de l'amplitude de plus
de 50% avec ou sans une augmentation de la latence de 1
msec de N20 (forme d'onde corticale) pour le moniteur de
SSEP et du cinquiéme pic pour le moniteur de BAEP Une
évaluation neurologique est faite dés le réveil, aprés 24 h et
au moment du congé. Au total, 14 patients ont montré des
SSEP altérés qui ont permis la prédiction dun déficit neu-
rologique chez huit patients (57%). Dix patients ont montré
des altérations de BAEP; six avaient un déficit neurologique
(60%). Cing patients avaient des altérations des deux; deux
patients avaient un déficit (40%). Lincidence de faux négatifs
(un déficit neurologique sans altération d’EP) pour les deux
méthodes était de 13% (SSEP 11%, BAEP 7%,). Tous les pa-
tients avec un changement permanent de I'EP ont eu un déficit
neurologique. Nous navons pas trouvé de différence entre la
capacité des SSEP comparativement aux BAEP, pour la prédic-
tion des déficits neurologiques, mais l'utilization concomitante
des deux méthodes permet de diminuer lincidence des faux
négatifs. En conclusion, pour détecter lischémie cérébrale,
comme une des méthodes seule est meilleure que lautre, les
deux méthodes devraient étre associées lorsque possible.
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During posterior fossa aneurysm surgery, surgical man-
ipulation may result in ischaemic insults to the brainstem.
Evoked potential monitoring reflects the functional in-
tegrity of the neuronal pathways monitored and has been
used to monitor for cerebral ischaemia. !-* Early detection
of cerebral ischaemia may be beneficial in allowing im-
plementation of therapy or alteration of surgical approach
to prevent neurological deficits. Somatosensory evoked
potentials (SSEP) have been shown to be feasible during
aneurysm surgery but it has been questioned whether
they are helpful during posterior fossa aneurysm surgery
as ischaemia may occur in areas that are not monitored
by this pathway.*” In contrast, brainstem auditory evoked
potentials (BAEP) have been reported useful during bas-
ilar and vertebral artery aneurysm surgery.® The surgical
treatment of many aneurysms includes temporary and
occasionally, permanent occlusion of a major feeding ar-
tery.>!0 The duration of temporary occlusion is often very
short, and with evoked potential monitoring, there may
be time to test only one modality. Thus, the purpose of
this study was to compare two different evoked potential
modalities, median nerve SSEP and BAEP, during pos-
terior fossa aneurysm surgery to determine if one mo-
dality was better in monitoring for cerebral ischaemia and
in predicting neurological outcome.

Methods

Approval was obtained from the institutional ethics re-
view board. Evoked potential monitoring was routinely
performed on all patients undergoing cerebral aneurysm
surgery whenever equipment and technical help were
available. Sixty-seven patients undergoing posterior fossa
surgery for treatment of an aneurysm of the basilar ver-
tebral circulation during 1985-1991 had both SSEP and
BAEP monitoring and were included in this study. There
was a total of 70 procedures as three patients underwent
two separate procedures each.

The patients were all unpremedicated. Induction of
anaesthesia was achieved with fentanyl 2-5 pg-kg~! or
sufentanil 0.5-1 ug- kg™, thiopentone 4-6 mg - kg—! and
lidocaine 1-1.5 mg - kg~ Tracheal intubation was facil-
itated with succinylcholine 1-1.5 mg- kg=! or a nonde-
polarizing muscle relaxant. Maintenance of anaesthesia
consisted of 50% nitrous oxide, 50% oxygen or air/oxy-
gen (FI10, of 0.5-0.6), isoflurane, supplemental narcotics
and muscle relaxants. All patients received 1-2 g- kg~!
mannitol 20%. Routine monitors included an ECG, in-
traarterial, central venous, and urinary catheters and tem-
perature monitoring by an oral pharyngeal or oesophageal
probe. Patients were monitored with an end-tidal cap-
nogram and a pulse oximeter when this became available.
Arterial blood gases were measured in all patients to en-
sure adequate oxygenation and appropriate PaCO,. A
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lumbar subarachnoid catheter was inserted for the drain-
age of cerebral spinal fluid where indicated by the sur-
geon, Isoflurane-induced hypotension was used in some
patients during dissection of the aneurysm or for clipping
but was not used during temporary arterial occlusion.

A Nicolet CA 1000 averager or a Pathfinder 1 was
used to obtain the evoked potentials. Standard stimu-
lating and recording variables were used.%® Scalp elec-
trodes were placed according to the International 10-20
system for electroencephalographic monitoring. During
monitoring, physiological factors such as temperature,
blood pressure, depth of anaesthesia, and PaCO, were
maintained in a steady state as much as possible. Control
readings were taken after induction of anaesthesia and
during stable anaesthesia. Bilateral recordings were ob-
tained for both median nerve SSEP and BAEP. Each
patient served as his or her own control for comparison
of any intraoperative changes. Both modalities were mon-
itored throughout the periods of dissection, temporary
occlusion of the feeding artery and clipping of the aneu-
rysm. Duplicate tracings were performed to ensure re-
producibility of the waveform and of changes. The am-
plitude and latency of N20 (the first negative peak on
the cortical waveform) and N13 (the first negative peak
of the peripheral waveform) were measured. For analysis
of SSEP recordings, both the amplitude and the central
conduction time (CCT) (N20-N13) were used. The SSEP
changes that were considered to be important in our study
included a decrease in the amplitude of N20 greater than
50% and/ or an increase in CCT of greater than 1.0 msec.
For analysis of BAEP recordings, the amplitude and la-
tency of all the peaks were measured. The BAEP changes
considered to be important included a decrease in am-
plitude of the fifth (or fourth-fifth complex) peak greater
than 50% and/or an increase in latency of the fifth peak
or of the interpeak latency (1-5) greater than 1 msec,
Changes in SSEP and BAEP could be unilateral or bi-
lateral since it was difficult to predict if one or both sides
were affected by the occlusion or manipulation of the
brainstem. The changes were further classified as per-
manent if the change persisted to the end of the proce-
dure, and transient if the change recovered with release
of retraction or temporary occlusion. The neurological
outcome of the patient was assessed postoperatively in
the recovery room, 24 hr after surgery and at the time
of discharge from hospital and this was correlated with
the evoked potential results. The neurological assessments
were performed by both the neurosurgeon and the nurse
and documented in the patient’s chart. The neurosur-
geons, but not the nurses, were aware of any intraop-
erative evoked potential changes. Any new neurological
deficit that was not present preoperatively was docu-
mented and described as transient if the patient recovered
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TABLE I Location of aneurysms
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TABLE II Evoked potential changes and neurological outcome

Arterial location Number of patients

High

Basilar bifurcation 23

Superior cerebellar 9

Mid

Basilar trunk 5

Low

Vertebral-basilar junction 18

Anterior inferior cerebellar 2

Posterior inferior cerebellar 13
70

completely within 24 hr of surgery and permanent if the
same deficit was present at the time of discharge. A false
negative result occurred when there was a new neuro-
logical deficit immediately postoperatively but no intraop-
erative evoked potential change. A false positive result
was defined as the patient awakening with no new neu-
rological deficits despite the occurrence of an evoked po-
tential change intraoperatively. Chi square analysis and
the Fisher’s exact test were used to assess statistical sig-
nificance. P < 0.05 was considered to be significant.

Results
A total of 70 procedures where both SSEP and BAEP
monitoring were used were included in this study. The
locations of the aneurysms are shown in Table 1. The
mean age of the patients was S0 £ 11 yr (range 21-75
yr). There were 46 female and 24 male patients. Tem-
porary occlusion of the feeding artery was used in 52
patients with a total of 86 separate occlusion episodes
with an average duration of 4.5 * 5.4 min, (range 0.5
to 35 min). The surgical treatment of the patients included
clipping of the aneurysm in 44 patients, permanent oc-
clusion of a major artery in 21 patients, and in five pa-
tients no treatment was possible. Two patients had ab-
normal control SSEP tracings which made interpretation
difficult. In some patients, the BAEP was abnormal on
one side due to neurological deficits preoperatively such
as brainstem compression by a giant aneurysm but in
all patients, at least on one side the BAEP was adequate
for monitoring. In many patients there was insufficient
time to perform both evoked potential modalities during
each temporary occlusion. As there usually were multiple
temporary occlusions in these situations, the other mo-
dality was done during the subsequent occlusion.
Postoperatively, 15 patients had a new neurological def-
icit (Table II). Seven patients had transient hemiparesis.
Eight patients had permanent deficits which consisted of
hemiplegia (four patients), brain stem deficits (loss of the

Neurological deficits
Evoked potential No
changes deficit Transient Permanent
SSEP
Transient (n = 1) 6 3 2
Permanent (n = 3) 0 0 3
BAEP
Transient (n = 8) 4 3 1
Permanent (n = 2) 0 0 2
Both*
Transient (n = 4) 3 1
Permanent (n = 1) 0 0 1
No EP change (n=1351) 48 2 1

*These patients are also included in the separate SSEP & BAEP
groups.

gag reflex) in two patients and both hemiplegia and loss
of gag reflex in two patients.

SSEP changes

In total, 14 patients had SSEP changes (Table II). An
SSEP change predicted a neurological deficit in eight pa-
tients (57%). The type of change that predicted a neu-
rological deficit included amplitude (n = 3), CCT (n =
3) and both amplitude and CCT (n = 2). There was
no difference between the types of change. All patients
who had a permanent SSEP change developed a neu-
rological deficit. When the patients were classified ac-
cording to the anatomical location of their aneurysm (see
Table I), the SSEP changes predicted a neurological
change in 57% of the high, 66% of the mid and 50%
of the low location aneurysms. Calculations of the relative
sensitivity and specificity of SSEP and BAEP in their
ability to detect postoperative neurological deficits are
shown in Table IIL.*

BAEP changes

Ten patients had a change in their BAEP. Six (60%) of
these patients developed a neurological deficit postopera-
tively. All patients who had a permanent BAEP change
had a permanent neurological deficit. The changes in

*Sensitivity and specificity are standard analytical methods
used to assess the validity of any diagnostic test in comparison
with a gold standard.

. true positives by gold standard
sensiavity = " -
true positives + false negatives
. true negatives by gold standard
specificity =

true negatives + false positives
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TABLE Il  Sensitivity and specificity of evoked potential changes to
predict a neurological deficit - classified according to the location of
aneurysm

High Mid Low All

n=32 n=}§ n=33 n=70
SSEP
Sensitivity 50% 100% 40% 53%
Specificity 88% 67% 93% 89%
BAEP
Sensitivity 25% 50% 60% 409,
Specificity 929. 1009% 93% 93%

BAEP consisted of a decrease in amplitude and increase
in latency of the fifth peak. The incidence of neurological
deficits that were predicted by a BAEP change according
to the anatomical location of the aneurysm is for high
50%, mid 100%, and low aneurysms 60%. Table 1II shows
the sensitivity and specificity of BAEP changes in pre-
dicting a neurological deficit. There were no significant
differences.

SSEP and BAEP changes

Five patients had a change in both SSEP and BAEP.
These patients are also included in the two groups above
and shown in Table II. Two patients (40%) had neuro-
logical deficits.

Temporary occlusion of the feeding artery was used
in 52 patients. This involved the basilar artery for the
high and mid location aneurysms (n = 36) and one or
both of the vertebral, the anterior inferior cerebellar or
the posterior inferior cerebellar arteries for the low basilar
or vertebral artery aneurysms (n = 16). Of the 17 patients
who did not have temporary occlusion at any time, four
patients had changes in their evoked potentials during
retraction of the brainstem. This included transient SSEP
changes in three patients, of whom two developed tran-
sient neurological deficits and one permanent SSEP
change that was associated with a permanent deficit.

Discussion

Monitoring of SSEP and BAEP, especially during the
temporary occlusion of a major feeding artery, was both
feasible and useful during posterior fossa aneurysm
surgery in our study. It has been shown that SSEP are
affected when the cerebral blood flow decreases below
a critical threshold.' The surgical technique for treatment
of aneurysms frequently includes the temporary arterial
occlusion of a feeding vessel to create regional hypoper-
fusion rather than the use of induced systemic hypoten-
sion. Some aneurysms can not be clipped and the treat-
ment may involve the permanent occlusion of the feeding
artery. In our series 21 patients were treated in this fash-
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ion. In these cases monitoring of evoked potentials was
used to assess the safety of permanent occlusion.

Intraoperative SSEP monitoring during temporary oc-
clusion has been shown to be beneficial in predicting neu-
rological outcome for aneurysms in the anterior circu-
lation, but their value in posterior fossa surgery is unclear.
Little ef al. monitored 16 patients with posterior circu-
lation aneurysms:* ten had both BAEP and SSEP mon-
itoring. Monitoring with SSEP and BAEP failed to iden-
tify a neurological deficit in four patients (25% false
negative results). The authors concluded that evoked po-
tential monitoring was not helpful in reducing morbidity
during basilar aneurysm surgery as the ischaemic event
may involve a small area that is not in the neural pathway
being monitored. One patient in their study with a basilar
bifurcation aneurysm had a 35 min occlusion of the bas-
ilar artery. This patient showed transient changes in SSEP
but not in BAEP and woke up with a neurological deficit.
This difference could be explained on the basis of the
anatomical location of the arterial supply of the two path-
ways at the mid-brain level,

Friedman et al. also found SSEP and BAEP mon-
itoring unhelpful during basilar aneurysm surgery.’ The
authors used BAEP monitoring for four basilar, one an-
terior inferior cerebellar and one posterior inferior cere-
bellar artery aneurysm. Three patients had neurological
deficits that were not predicted by a change in their BAEP
(50% false negative result). The authors concluded that
the vascular distribution at risk for basilar bifurcation
aneurysms does not reliably include either the BAEP or
the SSEP pathway and that during arterial occlusion the
affected distribution is determined by many other factors
including collateral blood supply and blood pressure.

Schramm et al. found that there were limitations to
the use of SSEP in certain anatomical locations.” They
had seven patients with a basilar and six patients with
posterior inferior cerebellar artery aneurysms. False neg-
ative results occurred in two patients (15%) with basilar
bifurcation aneurysms. Another patient developed re-
peated transient SSEP changes during temporary clipping
of the basilar artery and woke up with a neurological
deficit.

In a previous study, we also found that monitoring
SSEP during temporary occlusion in aneurysm surgery
in the basilar vertebral circulation predicted only 38%
of the neurological deficits.® This was in contrast to a
75% prediction rate for aneurysms of the middle cerebral
and carotid artery. In another report from our institution,
we found BAEP monitoring to be useful during basilar
vertebral aneurysm surgery especially for assessing the
safety of permanent occlusion.

In this series, both monitoring modalities were used
in all patients, but a criticism of our study is that fre-
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quently, due to time limitations, we were unable to per-
form both modalities during one temporary occlusion.
Many of our temporary occlusion times were of one min-
ute or less in duration. Due to the lack of suitable tech-
nical equipment, we were unable to perform both mo-
dalities at the same time. Thus, we may have missed
changes in one modality. This is particularly true for tran-
sient changes. However, with a change that persisted, both
modalities would have been performed repeatedly and
significant changes ascertained.

A false negative result may occur when the ischaemic
zone is not directly monitored by the pathway of the
modality of the evoked potential being used or if ischae-
mia develops after the monitoring has been stopped. The
overall incidence of false negative results (there was no
change in either SSEP or in BAEP) was 20% in our
study. For SSEP changes alone the incidence was 47%,
and for BAEP it was 60%. Thus it may be useful to
use dual modality monitoring to increase the ability of
evoked potentials to predict neurological deficits.

False positive results need to be considered with respect
to the duration of the evoked potential changes. The total
incidence of false positive results in our study was 13%
(for SSEP alone 11% and BAEP alone 7%), but all were
transient. All patients who had a permanent evoked po-
tential change developed a neurological deficit. Fre-
quently, there were intraoperative changes that occurred
during temporary occlusion but recovered with the release
of the occlusion. Likewise changes may occur during re-
traction of the brainstem and recover with the release
of retraction. The duration of ischaemia that results in
an evoked potential change predictive of a neurological
deficit postoperatively is unknown. There is the potential
for existence of an ischaemic state where blood flow is
inadequate for electrical function but enough to sustain
viability should normal blood flow be restored in time.'
Thus, a transient change cannot be used to predict a
definite neurological deficit postoperatively.

The purpose of our study was to assess which of the
modalities would be better able to detect cerebral ischae-
mia and predict postoperative neurological deficits in pos-
terior fossa surgery. We divided the aneurysms anatom-
ically into three groups as temporary occlusion would
involve different arteries, and thus affect different areas
of the brainstem. For clipping of the high location aneu-
rysms, mostly at the basilar bifurcation, the basilar artery
was occluded. This was in contrast to the low aneurysms
that were located either on the vertebral system or at
the vertebral basilar junction and in all these patients,
the temporary occlusion was performed by occluding one
or both vertebral arteries. The five patients that were clas-
sified mid location had aneurysms of the trunk of the
basilar artery. We did not find a difference in the ability
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of SSEP compared with BAEP to predict neurological
deficits in any of the three groups. There was a tendency
for the low aneurysms to have a higher sensitivity for
BAEP monitoring in predicting neurological deficit in
contrast to the SSEP monitoring having a higher sen-
sitivity for monitoring of the high location aneurysms,
but this was not statistically significant. This may be ac-
counted for by the small number of patients in our study
who had evoked potential changes (19), or who developed
a neurological deficit (15).

In our study, the changes in SSEP and BAEP, whether
they were of amplitude or latency, did not show a dif-
ference in their ability to predict neurological outcome.
Thus, we are unable to conclude from our study which
type of change is the better monitor.

Anaesthetics affect evoked potential monitoring and
this has been well studied.!' In all our patients, we at-
tempted to keep a steady state of anaesthesia and phys-
iological factors at all times of monitoring, especially im-
mediately before and during temporary occlusion so that
the patient could act as his or her own control. Whenever
a change in the evoked potentials occurred, if the surgical
intervention could not be stopped, the anaesthetist would
ensure that blood pressure was in the normal range, but
there was no attempt made to increase blood pressure
pharmacologically.

In conclusion, monitoring of both modalities is possible
during posterior fossa aneurysm surgery. A limitation is
the time factor during temporary occlusion as one is un-
able to do both modalities at the same time. This technical
handicap can be resolved with newer equipment that al-
lows simultaneous dual modality monitoring. Which mo-
dality better predicts a neurological deficit and thus is
most useful in monitoring the patient, cannot be definitely
stated from our study. Both techniques were associated
with false positives and false negatives but using both
modalities should help to decrease the incidence of false
negative results.
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