SPINAL CORD MONITORING OF PATIENTS WITH NEUROLOGICAL DEFICITS
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Intraoperative monitoring of spinal cord function is a useful tool to decrease the potential risk of neural damage
particularly in intradural and intramendullay surgery. However, most of the experience on spinal cord monitoring in
the literature Js a collection of the cases without neurological deficits and with relative low risk of morbidity. It
saams very difgicult to make a reliable monitoring of the cases with neurological deficits and preoperative evoked
potential abnormalities.

This is a report of our first experience with spinal cord monitoring on 9 patients (2 intradural tumors, 1 intrame-
dullary tumor, 1 clivus tumor, 3 tethered cord syndrome, 1 cervical spondylotic myelopathy). Cortical and intradural
spinal somatosensory evoked potentials after stimulation of tibial and median nerves were monitored in all cases.

7 cases showed good correlation with evoked potential changes. There were 1 false-positivity and 1 falsenega-
iivity. In one case with lipomeningocel, stimulation of the spinal cord gave useful information in identifying function-
al tissue from nonfunctional part.

We experienced some pitfalls, which should be adressed to offer reliable information to the surgeon. An app-
ropriate selection and combination of evoked potentials is an important factor to carry out effective spmal cord
monitoring especially the cases with neurological deficits.

INTRODUCTION

Electrophysiologic monitoring of the spinal cord
with somatosensory evoked potentials to provide se-
cure guidelines for the surgeon of the functional integ-
rity of the spinal cord level under consideration during
risky operations were first introduced in 1971 by Nash
et al (20). Afterwards it has widely been used mostly
by orthopaedic surgeons as an additive or more reliable
test to wake-up test (1, 3, 4, 5, 6, 8, 10, 11, 16, 18, 19,
25, 27). Recently, a cumulative data of approximately
60.000 cases were collected as a survey of the Scolio-
sis Research Society (SRS) and the European Spinal
Deformity Society (ESDS) membership. The results of
this survey was published (9) and discussed in The
Fifth International Symposium On Spinal Cord Moni-
toring held on June 1992 in London.

Among 60.366 cases, there were 1.002 false-
positivity, 263 true-positivity and 101 false-negativity.
SEP monitoring was correctly predicted a postopera-
tive deficit 72 % of the time one was present (9).

Neurosurgical operations on the spine does howev-
er include mostly the cases with neurologic deficits
and preoperative SEP abnormalities (15, 23, 24, 26, 27,
30). Intraoperative monitoring of the spinal cord with
some sort of conduction block has peculiar difficulties
and it is impossible to monitor the cases with no de-
tectable SEPs 523).
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This study discusses the monitoring problems of
some neurosurgical cases with special emphasis on ab-
normal SEPs due to neurological deficits.

MATERIAL AND METHOD

This study was done on 9 patients operated on for
different spinal cord lesions in The Department of
Neurosurgery, Ege University Faculty of Medicine,
Izmir, Turkey. 2 patients had intradural tumors, 1 in-
tramedullary tumor, 1 clivus tumor, 3 tethered cord
syndrome, 1 cervical spondylotic myelopathy. All but
one case with tethered cord syndrome had preoperative
neurological deficits. Cortical and intradural spinal
somatosensory evoked potentials after stimulation of
tibial and median nerves were monitored in all cases.
Al Ipatients have had a detailed neurological examina-
tion with greater emphasis on sensory deficits. A pre-
operative SEP examination was done a few days be-
fore th eoperations. All patients had a postoperative
SEP examination mostly one week after the operation.

Pre-and postoperative SEPs included posterior tibi-
al and median nerve stimulations seperately. tibial
SEPs (tSEP) were recorded from L1, C2, and Cz with
Fpz reference according to 10-20 EEG recording sys-
tem and leg grounds. 100 ms analysis time was used.
Posterior tibial nerve was stimulated at medial ankle at
3.2 Hz stimulus frequency with submaximal intensi-
ties. Median SEPs (mSEP) were recorded from C2,
and C3' or C4' with Fpz reference. 50 ms analysis time
was used. Median nerve was stimulated at wrist and
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3.2 Hz stimulus frequency with submaximal intensities
were used. subdermal needles were chosen for record-
ing in all recording sites and impedances were lowered
below 5 KOhm for optimal recording. Sensitivity was
setup as 20 pV/division.

Intraoperative recordings were done from the same
preoperative sites. After approaching the operative site,
intradural (7 cases) or extradural (2 cases; 1 clivus tu-
mor, 1 cervical spondylotic myelopathy) fine tipped
platinum monopolar recording electrodes (Medelec
Company, United Kingdom) were inserted and cord
potentials in addition to cortical potentials were moni-
tored. The needle electrodes from spinal levels were
cancelled during this period. Automatic artefact rejec-
tion was routinely used. All recordings were done with
a two-channels EP unit (Phasis, ESAOTA Company,
Ttaly) which has on-line analysis and disc storage facil-
ities. The data acquisition was ceased during usage of
monopolar cothers.

An amplitude decrease more than 50 % and latency
increase more than 3 ms were accepted as warning lim-
its.

RESULTS:

A reliable monitoring could ble done in all cases.
Other than expected artefact rejection problems during
monopolar cotherization, no other technical problems
were observed.

4 cases showed no SEP changes, and no neurologi-
cal detorioration occured (True negativity). But one of
them (#9; 62 years old woman, foramen magnum neu-

rionoma) has developed a delayed central cord syn-
drome, although she had no additional neurological
deficits in the early postoperative period (Table 1).

3 cases showed significant SEP changes during
monitoring and they developed some degree of neuro-
logical deterioration (True positivity) (Figure 1). 1
case (#7; 4 years old male, T8-9 intramedullary der-
moid cyst) had significant SEP changes, but there was

no neurological deficits postoperatively (False positiv-

1 case (#5; 13 years old male, tethered cord syn-
drome due to lumbosacral lipomeningocel) had no
changes during tibial SEP monitoring, but developed
urinary incontinence postoperatively (False negativi-
tyh

In one case (#2; 11 years old female) during exci-
sion of a lumbosacral meningocel, stimulation of distal
stupf was found to be useful in identifying functional
tissue from nonfunctional tissue (Figure 2).

DISCUSSION:

It is said that to conduct some form of monitoring
when performing any spinal operation that is associat-
ed with a high risk of neurologic injury is a standart
practice of today (19).

In general the percent of false positivities are more
than false negativities (9, 23). False positivity is not
dangerous for patient. But it causes a stress to the
spine surgeon. In contrast to false positivity, false neg-
ativity may be very harmful for the patient and may
cause an unnecesessarily radical operation. Although it

Table 1: Summary of cases. (Deter. = Deterioration; no = no change; mSEP = median somatosensory evoked
potential; tSEP tibial somatosensory evoked potential; BAEP = brainstem auditory evoked potential)

# Age Monitoring EP Nreurol.
Initial | Sex Diagnosis Modality changes deficit Comment
1RC 40 M | Chordoma of the clivus mSEP, BAEP Deter. Deter. True (+)
27G 11 F | Tethered cord (Lipomeningocel) tSEP Deter. Deter. True (+)
3BO | 53M | C2-3 neurinoma mSEP, tSEP no no True (-)
4 0A 9 F | Tethered cord (tight filum) tSEP no no True (-)
5HI 13 M | Tethered cord (lipomeningocel) tSEP no Deter. False (-7)
6 FD 35F | Cervical intramedullary tumor mSEP, tSEP Deter. Deter. True (+)
7HT 4 M | T8-9 intramedullary tumor tSEP Deter. no False (+)
8RA | 58 M | Cervical spondylotic myelopathy | mSEP, tSEP no no True (-)
9MC | 62F | Neurinoma of foramen magnum mSEP, tSEP no (delayed True (-)
deficit)
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Figure 1:

Intradural cercival cord potentials during operation of a cericobulbar intramedullary astrocytoma. During lower

pole dissection of the tumor, cortical SEPs to tibial nerve stimulation were lost, and a more than 50 % amplitude
decrease in cord potentials has occured (Sth trace from above). A significant deterioration in motor and sensory
deficits was observed postoperatively (True positive result).
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is not as frequent as false positivity, it is very impor-
tant for the reliability of the monitoring. The general
reasons for false negativity are:

a) the lack of information about anterior spinal
cord function during monitoring only with SEPs,

b) choosing just one parameter (latency or ampli-
tude) as alarm criteria.

One of our cases has false negativity. But we may
say that the reason for that false response is insufficient
monitoring, since tibial SEPs are not capable of show-
ing sphincter innervation (S2-S4) which was damaged
during operation in this case.

For those reasons, the unwanted false negativities
could be prohibited by; 1) monitoring motor evoked
potentials in addition to SEPs (3, 8, 17, 28, 29, 30); 2)
choosing alarm criteria with both amplitude and laten-

¢y monitoring; 3) penil and/or urethral evoked poten-
tials monitoring during lumbosacral cord surgery (7).

The insufficiency of SEP monitoring for showing
the cord function in to was shown by different workers
(4, 8, 14). The new developed motor evoked potential
(MEP) monitoring techniques with noninvasive trans-
cranial stimulators seems to be promising to solve this
problem (30).

The number of cases in this series is not sufficient
to draw precise conclusions about the cases with neu-
rological deficits. But the number of problems (total
number of true positive + false positive = false nega-
tive cases) during monitoring of those cases with nen-
rological deficits seems to be much higher than most
orthopedic series who has not these properties (9).

One of the future prospects of spinal cord monitor-
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Figure 2: Druing excision of a lipomeningocel, cortical
(lower trace) and spinal cord (upper trace) poten-

tials in response to bipolar stimulation showed a s
functional neural tissue. Another stumpf in simi-
lar stimulation adn recording conditions gave,
however no response, and a secure excision was
performed.
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ing should be to collect another survey incorporating
monitoring cases with neurological deficits. The great- B
est limitation to collect such a survey might be the big )
variability in monitoring methods. Cortical, spinal sut-
face, epidural, intradural recordings; peripheral nerve, 14
spinal cord, motor cortex stimulations are used in a va-
riety of stimulation and recording parameters (9, 10,
11, 21, 22, 25, 25, 26). The alarm criteria chosen by
different centres are also not standardized (2, 9, 23,24, 15
25, 27).
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