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Abstract

Intraoperative neurophysiological monitoring (IONM) is widely used in spinal cord tumors (SCTs) removal surgery. This
study mainly hypothesized that patients with prolonged latency of preoperative somatosensory evoked potentials (preSEP; ;)
would have more deteriorated intraoperative evoked potentials. Among 506 patients who underwent SCTs removal surgery,
74 underwent both preSEPs and IONM. The correlation between preSEP; ,, and intraoperative SEPs (ioSEPs) was mainly
analyzed, and subgroup analysis according to anatomical type was also conducted. Secondly, whether preSEP; ,, related to
intraoperative motor evoked potentials (ioMEPs) or postoperative motor deterioration (PMD) was analyzed. In addition,
risk factors for PMD were examined among anatomical factors, including operation level, tumor-occupying area ratio, and
anatomical type, as well as electrophysiological factors, such as preSEP, ,,, i0SEPs, and ioMEPs. Changes in ioSEP and
ioMEP were considered significant even if they were recovered before the end of the monitoring. Patients with prolonged
preSEP; ,, were more likely to have significant ioSEP changes for intradural-extramedullary (IDEM) but not for intramedullary
or extradural tumors. The anatomical type and tumor-occupying area ratio were prognostic factors for transient PMD, while
the ioSEPs were the only prognostic factor for persisted PMD over 4 weeks after surgery. PreSEPs are helpful in predicting
the significant changes in i0SEPs during IDEM tumor removal surgery. The tumor-occupying area ratio and anatomical type
are contributing factors for the transient PMD, whereas i0SEPs are prognostic factors in predicting the PMD that persists
over 4 weeks after SCTs removal surgery. To our knowledge, this is the first study that mainly focused on the correlations
of preoperative and intraoperative evoked potentials.
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1 Introduction

Patients with spinal cord tumors (SCTs) usually undergo
surgical tumor removal, and preoperative electrodiagnos-
tic studies can provide functional information of these
patients. Since compromised somatosensory evoked poten-
tials (SEPs) imply myelopathy in the absence of a brain or
peripheral nerve lesion, neurosurgeons often refer to the
result of preoperative electrodiagnosis to decide whether
to proceed with the operation. Particularly, in cases in
which the clinical symptoms do not correlate with the
lesions confirmed in imaging studies, the results of the
preoperative evoked potentials (EPs) may play an impor-
tant role in determining whether to perform the operation.

Intraoperative neurophysiological monitoring (IONM)
is widely used in spinal surgery to reduce iatrogenic dam-
age. As preoperative EPs are known to reflect the preoper-
ative neurologic condition, many studies have shown that
changes in intraoperative EPs can predict the postopera-
tive neurological deterioration. However, in this relation
chain, the link between preoperative and intraoperative
EPs has not been studied (Fig. 1). Thus, to the best of
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our knowledge, this is the first study planned to test the
hypothesis that patients with compromised preoperative
EPs would have more significant deterioration in intra-
operative EPs. If this hypothesis is substantiated, stricter
enforcement of IONM will be recommended to give a
warning in cases where intraoperative EPs are expected
to show significant changes. In addition, preoperative EPs
can also be regarded as one of the contributing factors for
postoperative motor deterioration (PMD).

Since the anatomical type of SCTs is one of the important
factors in determining the postoperative neurological prog-
nosis, we made a sub-analysis by anatomical type to reveal
the correlation of preoperative EPs with intraoperative EPs
and PMD. Moreover, as the prognosis may vary depending
on the tumor size even within the same anatomical type, the
tumor size was also considered for the statistical analysis.

Combined motor evoked potentials (MEPs) and D-waves
monitoring has been recommended in SCT removal surgery
for long-term outcomes [1-3]. When D-wave monitoring
is unavailable, MEP monitoring should be performed for
favorable outcomes [2, 4, 5]. Previous studies have suggested
that intraoperative monitoring of MEPs, which electrophysi-
ologically represent the corticospinal tract, are superior to
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Fig.1 Study aims to reveal the correlations between preoperative
and intraoperative evoked potentials. As preoperative evoked poten-
tials (Eps) are known to reflect the preoperative neurologic condi-
tion, many studies have shown that changes in intraoperative EPs can
predict the postoperative neurological deterioration. However, in this
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relation chain, the link between preoperative and intraoperative EPs
has not been studied. Thus, this is the first study planned to test the
hypothesis that patients with compromised preoperative EPs would
have more significant deterioration in intraoperative EPs
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the monitoring of SEPs in predicting PMD [6]. However,
the intraoperative somatosensory evoked potential (ioSEP)
has been also suggested as a supportive tool for predicting
the motor outcomes after neurosurgery [7-9]. Studies have
reported that the i0SEP is a sensitive modality for indirectly
monitoring the corticospinal tract, as it can monitor the
somatosensory tract directly, suggesting that the conduction
blocks of the corticospinal tract and somatosensory tract
mostly occur together during SCT surgery [10-12]. A recent
meta-analysis of studies on IONM during SCT removal sur-
gery revealed that the MEPs have higher specificity than the
SEPs for assessing postoperative neurological deterioration;
however, the SEPs have similar sensitivity to the MEPs [13].
Although the SEPs do not basically reflect the neurophysi-
ological function of the corticospinal tract, case reports have
discussed postoperative motor weakness even if there was
only a change in the i0SEPs [14—-16]. Moreover, conduct-
ing a simple comparative analysis between the preoperative
and intraoperative MEPs is difficult, since the stimulating
methods for invoking MEPs differ for each evaluating situ-
ation. Transcranial magnetic stimulation was used for the
preoperative evaluation, and transcranial electrical stimula-
tion was used for the evaluation of the intraoperative MEPs
(ioMEPs). In addition, invoking the MEPs in the lower
extremities is difficult using magnetic stimulation, and a spe-
cialized stimulating coil is required to induce the MEPSs in
the muscles of the lower extremities. Therefore, we decided
to analyze mainly the SEPs rather than the MEPs for assess-
ing the correlations between the preoperative and intraopera-
tive EPs to determine the relevance of whether preoperative
electrodiagnosis can predict the IONM outcomes.

2 Methods
2.1 Study design

This retrospective cohort study was performed in a tertiary
hospital. The study protocol was approved by the institu-
tional review board (IRB) (3-2019-0108) and conducted in
accordance with the Declaration of Helsinki. The IRB con-
firmed that informed consent is not required because this
study complies with standard practice and does not expose
patient-identifiable information.

2.2 Study population

Between January 2013 and April 2017, patients with SCTs
who underwent tumor removal surgery under IONM were
screened. Among 506 screened patients, 89 had preopera-
tive electrodiagnostic data, including preoperative SEPs
(preSEPs). Among these, 15 patients were not included
based on the following exclusion criteria: patients who were

monitored only for a single modality, i.e., either ioMEPs
or i0SEPs (n=13), and patients who did not survive until
4 weeks after surgery (n=2). Finally, the medical records
of 74 patients were reviewed and collected data were ana-
lyzed, including the preSEPs, i0SEPs, ioMEPs, preoperative
motor scores, postoperative motor scores, preoperative mag-
netic resonance imaging (MRI), operation notes, anesthesia
records, and outpatient clinical notes.

2.3 PreSEPs, ioSEPs, and ioMEPs

A day before surgery, preSEPs were evaluated in an elec-
tromagnetically shielded room with Medelec Synergy elec-
tromyogram equipment (Oxford Instrument Medical Ltd.,
Surrey, UK) by a skilled physiatrist. Prior to the SEP evalu-
ation, nerve conduction studies of the extremities were per-
formed to exclude possible peripheral nerve lesions. The
motor and sensory nerves of the bilateral median, ulnar,
peroneal, or tibial nerves were included. The preSEPs
were obtained by stimulating the bilateral median or ulnar
nerves at the wrists or by stimulating the bilateral peroneal
or posterior tibial nerves at the ankles (duration, 0.2 ms;
repetition rate, 5 Hz), recording at C3 (right median or ulnar
nerve); C4 (left median or ulnar nerve); and Cz (right and
left peroneal or tibial nerve), and referencing FPz accord-
ing to the international 10-20 EEG system. Considering the
age and the height of the patients, the prolonged latency
of preSEPs (preSEP, ,,) in any side of any examined nerve
was considered “prolonged preSEP;,.,” and acceptable
preSEP, ,, in all examined nerves were considered “accept-
able preSEP| , [17].” The amplitudes of preSEPs were not
accounted for since the absolute values of the SEP ampli-
tudes considerably vary for each individual.

All surgical procedures were performed with a posterior
approach in the prone position. The i0SEPs were elicited
by the same protocol of preSEPs using Cascade® IONM
system (Cadwell Industries Inc., Kennewick, WA, USA).
Prolongation of latency of > 10% from the baseline latency
or amplitude reduction of > 50% from the baseline peak-
to-peak amplitude in any side of any examined nerve was
indicative of significantly deteriorated i0SEPs. When the
i0SEPs changed beyond these criteria during the surgery,
this change was considered a significant deterioration even
if some recovery was made at the end of the surgery.

Transcranial electrical stimulation MEPs were obtained
from the bilateral abductor pollicis brevis and tibialis ante-
rior muscles. Train stimuli which consisted of six square-
wave stimuli (duration, 0.5 ms; interstimulus interval,
5 ms; repetition rate, 2 Hz; stimulating intensity gradu-
ally escalated, from 50 to 400 mV) (Cascade; Cadwell
Industries Inc., Kennewick, WA, USA) were delivered
through needle electrodes placed at C1 and C2, according
to the international 10-20 EEG system. C1/C2 and C2/

@ Springer



982

Journal of Clinical Monitoring and Computing (2021) 35:979-991

C1 montage were used to measure ioMEPs of the right
and left extremities, respectively. A reduction of > 50% in
the ioMEP amplitude compared with the baseline ioMEPs
was considered a significant change. When the amplitude
of the ioMEPs decreased by > 50% during the surgery, the
decrease was considered a significant deterioration even if
some recovery was made at the end of the surgery.

Changes in ioSEP and ioMEP over the alarm criteria
were considered significant even if they were recovered
before the end of the monitoring. Complete recovery of
i0EPs occurred when the ioEP exceeded the alarm cri-
teria and recovered within the criteria at the end of the
monitoring. Partial recovery of i0EPs occurred when ioEP
recovered but exceeded the alarm criteria at the end of the
monitoring.

2.4 PMD

Neurologic examination was performed a day before, 48 h
after, and 4 weeks after the operation. Since this study
focused on motor deterioration, sensory function was not
considered. The Medical Research Council scale for mus-
cle strength was applied to measure the strength of the ten
key muscles of the International Standards for Neurologi-
cal Classification of Spinal Cord Injury. Any decline in the
motor score compared with the preoperative state was con-
sidered PMD.

2.5 Tumor size measurement

Based on the axial view of the MRI taken before surgery,
the spinal canal area and tumor-occupying area were meas-
ured at the maximal tumor-occupying spinal level by an
experienced radiologist using a picture archiving and com-
munication system (Centricity PACS Radiology RA1000
Workstation, GE Healthcare, Barrington, IL, USA) [18].
The tumor-occupying area ratio was calculated as follows:
tumor-occupying area/spinal canal area.

2.6 Anesthesia

Patients were administered intravenous midazolam
(1.0-2.0 mg) as a pre-anesthetic medication. Rocuronium
sodium was intravenously adjusted for tracheal intubation.
A train-of-four stimulus at the ankle was applied to deter-
mine the level of neuromuscular blockage. Total intravenous
anesthesia with remifentanil (0.15-2 pg/kg/min) and propo-
fol (6-8 mg/kg/h) was continued throughout the surgical
procedure. All patients were maintained normothermic and
normotensive.

@ Springer

2.7 Statistical analysis

The basic characteristics of the two groups (acceptable
preSEP; ,,, acceptable preSEP; ,, in all examined nerves;
prolonged preSEP; ,,, prolongation of the preSEP; ,, in any
examined nerve) were analyzed using an independent t-test
and chi-squared test. Correlations between the preSEP;
and i0SEPs were analyzed using the chi-squared test and
Fisher’s exact test. Fisher’s exact test was used in analyzing
the correlations of preSEP; ,, or ioSEPs to PMD. To deter-
mine the risk factors for PMD at 48 h (PMD,g, ) or 4 weeks
(PMD,,,,) after the operation, multiple regression analysis
was performed with the following variables: sex, age, height,
operation level, anatomical type, tumor-occupying area ratio,
preSEP, .., i0SEPs, and ioMEPs. Independent t-test was used
in determining the correlations of the tumor-occupying area
ratio to the preSEP; ,,, i0SEPs, PMD,q, ., or PMD,,,.. The
receiver operating characteristics (ROC) curve was used to
analyze the cutoff of the tumor-occupying area ratio for sig-
nificant changes in preSEP, ,;, i0SEPs, ioMEPs, PMD g, .,
and PMD,,,.. In this study, the ioSEPs were classified as
10SEP| ,, i0SEP,,,, and i0SEP (latency or amplitude) to
determine whether latency or amplitude are mainly associ-
ated with the preSEPs or PMD. In actual monitoring, the
generally consensus is that the amplitude and latency of the
i0SEPs should be considered together. Therefore, only the
i0SEP (latency or amplitude) was included as an independ-
ent variable for multiple regression analysis performed to
identify the risk factors for PMD. SPSS version 20.1 (IBM,
Armonk, NY, USA) was used for analysis. Two-sided P-val-
ues of < 0.05 were considered statistically significant.

3 Results

Of the 74 patients, 31 showed acceptable preSEP, ,, of all
examined nerves and the remaining 43 showed prolonged
preSEP, ,, in any of the examined nerves. All 74 patients
had stable baseline waves of i0SEPs and ioMEPs. Age
(P=0.09), sex (P=0.16), and height (P=0.77) were not sig-
nificantly different between the two groups. The anatomical
type (P=0.06), including intramedullary (IM), intradural-
extramedullary (IDEM), or extradural (ED) tumors, opera-
tion level (P=0.59), or pathologic type (P=0.93), were not
significantly different between the two groups (Table 1).

Among 36 patients who showed significant changes in
any 10SEP,,, or i0SEP ,, 22 (61.1%) showed complete
recovery, 5 (13.9%) showed partial recovery, and 9 (25.0%)
showed no recovery. Among 47 patients who showed sig-
nificant changes in io0MEP,,,, 8 (17.0%) showed com-
plete recovery, 21 (44.7%) showed partial recovery, and 18
(38.3%) showed no recovery.
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Table 1 .Basic demog.raphic Variables Acceptable preSEP; Prolonged preSEP; P value
anq clinical characteristics of (n=31) (n=43)
patients
Age, mean (range), years 45.19 (18-75) 51.79 (15-87) 0.09
Sex, no. (%) 0.16
Male 10 (32.3) 20 (46.5)
Female 21 (67.7) 22 (53.5)
Height, mean (range), cm 163.2 (151.0-185.0) 163.7 (146.0-183.0) 0.77
Anatomical type, no. (%) 0.06
™M 10 (32.3) 14 (32.6)
IDEM 14 (45.2) 27 (62.8)
ED 7 (22.6) 24.7)
Operation level, no. (%) 0.59
Cervical 10 (32.3) 13 (30.2)
Cervico-thoracic 5(16.1) 3(7.0)
Thoracic 13 (41.9) 22(51.2)
Thoraco-lumbar 0 (0.00) 2 (4.6)
Lumbar 3(9.7) 3(7.0)
Pathologic type, no. (%) 0.93
Schwannoma 13 (42.0) 18 (41.9)
Meningioma 5(16.1) 9(20.9)
Ependymoma 5(16.1) 5(11.6)
Neurofibroma 2(6.5) 1(2.3)
Hemangioblastoma 1(3.2) 24.7)
Others 5% (16.1) 8" (18.6)

ED extradural, IDEM intradural-extramedullary, /M intramedullary, preSEP,, latency of preoperative

somatosensory evoked potentials

1 chondrosarcoma, 1 cavernous angioma, 1 osteochondroma, 1 cystic glioma, 1 cavernous malformation

by astrocytoma, 1 chondrosarcoma, 1 neurothekeoma, 1 multiple myeloma, 1 cavernous hemangioma, 1
neuroenteric cyst, 1 epidermoid cyst, 1 cystic mass

3.1 Correlations between preSEPs and ioSEPs

The chi-squared test for all 74 patients revealed no signifi-
cant correlation between preSEPs and ioSEPs (P=0.36).
However, the subgroup analysis by anatomical type revealed
that patients with prolonged preSEP; ,, were more likely to
have deteriorated i0SEPs (P =0.04) for IDEM tumors but
not for IM (P=0.67) or ED tumors (P=0.17). Fisher’s exact
test showed a significant correlation between preSEP;
and the latency of the i0SEPs (ioSEP, ,,) for IDEM tumors
(P=0.03) but not for IM (P=0.67) or ED tumors (P=0.17)
(Table 2).

3.2 Correlation between preSEPs and PMD

Prior to surgery, 34 patients had neurological weakness. A
chi-squared test revealed a significant correlation between
preSEP, ,, and preoperative motor deficits (P =0.003). How-
ever, the preSEP; ,, showed no significant correlation with
PMD (PMD g, P=0.77; PMD,,» P=0.73) (Table 3).
Even by subgroup analysis, the preSEP, ,, did not signifi-
cantly correlate with PMD for any anatomical type of SCTs.

3.3 Correlation between ioSEPs and PMD

The i0SEP changes showed significant correlations with
PMD,g;,., (P=0.003) and PMD,,;, (P=0.01). In more
detail, changes in i0SEP; ,, were significantly correlated with
PMD g, (P=0.03), and changes in i0SEP,,, significantly
correlated with both PMD g, .. (P <0.01) and PMD,,
(P <0.01). Changes in the amplitude of ioMEP (ioMEP,,,)
significantly correlated with PMD g, . (P=0.03) but not
with PMD,,,, (P=0.70). By the subgroup analysis for IM
tumors, the decreased 10SEP,,,, significantly correlated with
PMD 4, (P=0.03) and had a tendency to correlate with
PMD ;s (P=0.05). For IDEM tumors, i0SEP,,,, showed a
tendency to correlate with PMD,g;  (P=0.05) and PMD,,,;
(P=0.05). In ED tumors, no correlation was found between
any parameter of intraoperative EPs and PMD (Table 3).

3.4 Risk factors for PMD
Since no statistically significant correlations were noted

between preSEPs and PMD,g, .. and PMD,,,,., we per-
formed a logistic regression analysis to determine the

@ Springer
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Table 2 Correlation between

; o Intraoperative Acceptable Prolonged preSEP, P value
preoperative somatosensory evoked potentials preSEP; (n=43)
evoked potentials and (n=31)
intraoperative evoked potentials
Total ioSEPs - 18 (58.1) 20 (46.5) 0.36
(n=74)
+ 13 (41.9) 23 (53.5)
ioSEP, - 22 (71.0) 29 (67.4) 0.75
+ 9(29.0) 14 (32.6)
i0SEP - 24 (77.4) 28 (65.1) 0.25
+ 7(22.6) 15 (34.9)
ioMEP,,, - 23 (74.2) 33(76.7) 0.80
+ 8(25.8) 10 (23.3)
M ioSEPs - 4 (40.0) 4(28.6) 0.67
(n=24)
+ 6 (60.0) 10 (71.4)
ioSEP ,, - 7 (70.0) 11 (78.6) 0.67
+ 3(30.0) 3(21.4)
i0SEP,,, - 5(50.0) 4 (28.6) 0.40
+ 5(50.0) 10 (71.4)
ioMEPy,, - 4 (40.0) 8(57.1) 0.41
+ 6 (60.0) 6 (42.9)
IDEM i0SEPs - 12 (85.7) 14 (51.9) 0.04*
(n=41)
+ 2(14.3) 13 (48.1)
i0SEP, ,, - 13 (92.9) 16 (59.3) 0.03*
+ 1(7.1) 11 (40.7)
i0SEP - 13 (92.9) 22 (81.5) 0.65
+ 1(7.1) 5(18.5)
ioMEP,,, - 13 (92.9) 23 (85.2) 0.65
+ 1(7.1) 4 (14.8)
ED ioSEPs - 2(28.6) 2 (100.0) 0.17
n=9)
+ 5(71.4) 0(0.0)
ioSEP ,, - 2(28.6) 2(100.0) 0.17
+ 5(71.4) 0(0.0)
i0SEP,,, - 6 (85.7) 2(100.0) 1.00
+ 1(14.3) 0(0.0)
ioMEP,,, - 6(85.7) 2(100.0) 1.00
+ 1(14.3) 0(0.0)

Data are presented as no. (%)

ED extradural, IDEM intradural-extramedullary, /M intramedullary, ioSEPs amplitude or latency of intra-
operative somatosensory evoked potentials, ioSEP;, latency of intraoperative somatosensory evoked
potentials, ioSEP,,,, amplitude of intraoperative somatosensory evoked potentials, ioMEP,,,, amplitude
of intraoperative motor evoked potentials, + significant changes in latency or amplitude, — no significant
changes in latency and amplitude, preSEP, ,, latency of preoperative somatosensory evoked potentials

*Statistically significant with P value <0.05

contributing factors for PMD. The anatomical type 3.5 Cutoff of the tumor-occupying area ratio
(P=0.04), tumor-occupying area ratio (P=0.01), and sig- for significant changes in ioSEP, ioMEP, and PMD
nificant changes in i0SEPs (P =0.001) were statistically

significant risk factors for PMD,g; .. The i0SEPs were  As the tumor-occupying area ratio was found to be one of
the only statistically significant factor affecting PMDy,,s  the contributing factors for PMD, significant correlations of
(P=0.004) (Fig. 2). the tumor-occupying area ratio to the preSEP| ,, (P =0.045)
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Table 3 Correlation between preoperative or intraoperative somatosensory evoked potentials and postoperative motor deterioration

Evoked potentials Postoperative motor deterioration
PMD g}, P value PMD, s P value
No deterioration Deterioration No deterioration Deterioration
Total preSEP; Acceptable 26 (83.9) 5(16.1) 0.77 26 (83.9) 5(16.1) 0.73
(n="74)
Prolonged 34 (79.1) 9(20.9) 38 (88.4) 5(11.6)
i0SEPs - 36 (94.7) 2(5.3) <0.01* (0.003) 37 (97.4) 1(2.6) 0.01*
+ 24 (66.7) 12 (33.3) 27 (75.0) 9 (25.0)
i0SEP; ,, - 45 (88.2) 6(11.8) 0.03* 47 (92.2) 4(7.8) 0.06
+ 15 (65.2) 8 (34.8) 17 (73.9) 6 (26.1)
i0SEP, - 50 (96.2) 2(3.8) <0.01* 51 (98.1) 1(1.9) <0.01*
+ 10 (45.5) 12 (54.5) 13 (59.1) 9 (40.9)
ioMEP,,, - 49 (87.5) 7(12.5) 0.03* 49 (87.5) 7 (12.5) 0.70
+ 11 (61.1) 7(38.9) 15 (83.3) 3(16.7)
M preSEP; Acceptable 6 (60.0) 4 (40.0) 1.00 6 (60.0) 4 (40.0) 0.19
(n=24)
Prolonged 8(57.1) 6(42.9) 12 (85.7) 2 (14.3)
i0SEPs - 7(87.5) 1(12.5) 0.08 8 (100.0) 0(0.0) 0.07
+ 7(43.8) 9(56.3) 10 (62.5) 6 (37.5)
i0SEP; ,, - 13 (72.2) 5(27.8) 0.05 15 (83.3) 3 (16.7) 0.14
+ 1(16.7) 5(83.3) 3 (50.0) 3 (50.0)
i0SEP, 1, - 8 (88.9) 1(11.1) 0.03* 9 (100.0) 0(0.0) 0.05
+ 6 (40.0) 9 (60.0) 9 (60.0) 6 (40.0)
ioMEP,,, - 9 (75.0) 3(25.0) 0.21 9 (50.0) 3 (50.0) 1.00
+ 541.7) 7(58.3) 9 (75.0) 3(25.0)
IDEM preSEP; Acceptable 14 (100.0) 0(0.0) 0.54 14 (100.0) 0(0.0) 0.54
(n=41)
Prolonged 24 (88.9) 3(11.1) 24 (88.9) 3(11.1)
i0SEPs - 25(96.2) 1(3.8) 0.54 25(96.2) 1(3.8) 0.54
+ 13 (86.7) 2 (13.3) 13 (86.7) 2 (13.3)
i0SEP ,, - 28 (96.6) 1(3.4) 0.20 28 (96.6) 134 0.20
+ 10 (83.3) 2(16.7) 10 (83.3) 2 (16.7)
i0SEP, 1, - 34 (97.1) 1(2.9) 0.05 34 (97.1) 1(2.9) 0.05
+ 4 (66.7) 2 (33.3) 4 (66.7) 2 (33.3)
ioMEP,,,, - 33 (91.7) 3(8.3) 1.00 33 (91.7) 3(8.3) 1.00
+ 5 (100.0) 0(0.0) 5 (100.0) 0(0.0)
ED preSEP, Acceptable 6 (85.7) 1(14.3) 1.00 6 (85.7) 1(14.3) 1.00
(n=9)
Prolonged 2 (100.0) 0(0.0) 2 (100.0) 0(0.0)
i0SEPs - 4 (100.0) 0(0.0) 1.00 4 (100.0) 0(0.0) 1.00
+ 4 (80.0) 1 (20.0) 4 (80.0) 1 (20.0)
i0SEP; - 4 (100.0) 0(0.0) 1.00 4 (100.0) 0(0.0) 1.00
+ 4 (80.0) 1(20.0) 4 (80.0) 1 (20.0)
i0SEP, - 8 (100.0) 0(0.0) 0.11 8 (100.0) 0(0.0) 0.11
+ 0 (0.0) 1 (100.0) 0(0.0) 1 (100.0)
ioMEP,,,,, - 7(87.5) 1(12.5) 1.00 7 (87.5) 1(12.5) 1.00
+ 1 (100.0) 0(0.0) 1 (100.0) 0(0.0)

Data are presented as no. (%)

ED extradural, IM intramedullary, IDEM intradural-extramedullary, ioMEP,,,, amplitude of intraoperative motor evoked potentials, ioSEP;,,,
amplitude of intraoperative somatosensory evoked potentials, ioSEP; , latency of intraoperative somatosensory evoked potentials, PMD g,
postoperative motor deterioration at 48 h, PMD,, . postoperative motor deterioration at 4 weeks, preSEP;, latency of preoperative somatosen-
sory evoked potentials, ioSEPs latency or amplitude of intraoperative somatosensory evoked potentials, + significant changes in latency or
amplitude, — no significant changes in latency and amplitude

*Statistically significant with P value <0.05
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506 patients with spinal cord tumor
received surgical removal under IONM

I

‘ 89 patients underwent preSEPs ‘

25 patients were excluded

13 patients were monitored only forioMEPs
2 patients did not survive until 4 weeks after surgery

‘ 74 patients were finally analyzed l

[

[

31 patients with
acceptable preSEP ;¢

4 V... pathologic | preoperative | ) £ " ((Tumor-occupying :
sex ! age‘ ,Vhelght_._ type 1 motor deficit | prreSEPs’_,.»loMEPs’v,, e anatomical type

P =0.003* preSEP

I0SEPS
Amp orLat

M
N=24

~~~~~~ No statistical correlation
— Statistically comelated

Fig.2 Correlations between preoperative, intraoperative SEPs, and
postoperative motor deterioration. ED extradural, IDEM intradural-
extramedullary, /M intramedullary, /ONM intraoperative neurophysi-
ological monitoring, ioMEPs intraoperative motor evoked potentials,

and PMD,g, . (P=0.03) were also revealed (Table 4). Based
on these correlations, we further analyzed the cutoff of the
tumor-occupying area ratio for several variables using ROC
curve analysis. The cutoff of the tumor-occupying area ratio
for the significant changes in preSEP, ,, i0SEPs, ioMEP, .,
PMD q;,.» and PMD,,,, were 0.67, 0.67, 0.68, 0.69, and
0.69, respectively.

4 Discussion

4.1 Relationship between preSEPs and ioSEPs:
proof of the hypothesis

The main hypothesis, “the patient with prolonged preSEP; ,,

would have more deterioration in intraoperative EPs,”
started from a reliable presumption that the surgical

@ Springer

1

43 patients with
prolonged preSEP 5

> Regression

analysis

P=0.01" P=0.04* P=0.001* P=0.004*

Postoperative
Motor
Deterioration
: 48 hrs after
surgery

Postoperative
Motor
Deterioration
: 4 wks after
surgery

Fisher’s
exact test

ioSEPs intraoperative somatosensory evoked potentials, preSEPs pre-
operative somatosensory evoked potentials. *Statistically significant
with P-value <0.05

procedure would be more invasive for the somatosensory
tract for lesions with greater involvement of the dorsal col-
umn. However, an opposing hypothesis can be also raised,
that is, a patient with prolonged preSEP, ,, would exhibit
less deterioration of i0SEPs, since the neural tract is already
compromised so much preoperatively that any additional iat-
rogenic neural insult could not cause further deterioration.
Although the main hypothesis became insignificant when it
was applied for all 74 cases, regardless of anatomical types,
the subgroup analysis obtained a significantly reliable result
for IDEM tumors. Unlike IDEM tumors, IM tumors with
deteriorated preSEPs showed less significant electrophysi-
ological changes during surgery. As IM tumors can com-
press the spinal cord within the pia mater, more directly
than IDEM tumors, it would cause more severe neurophysi-
ological deterioration preoperatively, and this supports the
opposing hypothesis mentioned above. In the same context,
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Table 4 . Correlation bet\yeen Parameters Values Tumor occupy- P value
tumor size fmd preoperative, ing area ratio
intraoperative evoked potentials,
and motor deterioration Preoperative evoked potentials preSEP, ,, Acceptable 0.54+0.23 0.045%
Prolonged 0.63+0.18
Intraoperative evoked potentials i0SEPs - 0.63+0.17 0.15
+ 0.56+0.24
i0SEP,,, - 0.60+0.21 0.76
+ 0.59+0.21
ioSEP; - 0.61+0.18 0.58
+ 0.58+0.25
ioMEP,,, - 0.57+0.21 0.07
+ 0.68+0.17
Preoperative motor deficit No motor deficit 0.56+0.23 0.16
Motor deficit 0.63+0.19
Postoperative motor deterioration ~ PMD g, No motor deterioration 0.57+0.21 0.03%*
Motor deterioration 0.71+0.17
PMD,, s No motor deterioration 0.58+0.21 0.25
Motor deterioration 0.67+0.18

Data are presented as mean +SD

ioMEP,,,, amplitude of intraoperative motor evoked potentials, ioSEP,,,, amplitude changes of intraopera-
tive SEPs, ioSEP; , latency changes of intraoperative SEPs, PMD g, . postoperative motor deterioration at
48 h, PMD,,, postoperative motor deterioration at 4 weeks, preSEP, ,, latency of preoperative somatosen-
sory evoked potentials (SEPs), ioSEPs latency or amplitude changes of intraoperative SEPs, + significant
changes in latency or amplitude, — no significant changes in latency and amplitude

*Statistically significant with P value <0.05

some previous studies suggested that SEP monitoring might
be less sensitive to detection of acute insults in the presence
of preexisting white matter lesions [9, 19].

Although the usefulness of IONM has been demonstrated
mostly in IM tumors, the efficacy of IONM in IDEM tumors
is still being debated. Since IDEM tumors can compress the
spinal cord from outside the pia mater rather than invade
the spinal cord axon itself, we can hypothesize that IDEM
tumors would cause neuropraxia first rather than axonotme-
sis or neurotmesis according to Seddon’s classification [20].
Although this classification was originally based on periph-
eral nerves, some studies have adjusted this concept to
explain the mechanisms of spinal cord injury [21-23]. The
significant correlations between the latencies of preSEPs and
i0SEPs in patients with IDEM tumors would be a clue that
the conduction block is a major mechanism of SEP changes.
Otherwise, IM tumors, which grow with time and affect
nearby axons, would cause axonotmesis or neurotmesis and
lead to greater changes in parameters than those caused by
IDEM tumors.

The topographically involved anatomical lesion appears
to be important for intraoperative SEP changes [24-27]. The
larger the tumor-occupying area ratio, the larger the ioSEP
change is likely to be. Howerver, in case of preexisting elec-
trophysiological deterioration before surgery, the cutoff value
of the tumor-occupying area ratio for ioSEP change may

not be applied, regardless of whether it is an IDEM or IM
tumor. Among five IM ependymoma patients with prolonged
preSEP; ,,, patients with a relatively lower tumor-occupying
area ratio (0.68-0.86; Patients 1, 2, 3, 7, and 9 in Table 5)
showed significant deterioration in i0SEPs, while a patient
with a higher tumor-occupying area ratio (0.94; Patient 4 in
Table 5) showed no significant ioSEP changes. Likewise,
among patients with IDEM tumors presenting with prolonged
preSEP; ,,, patients with a relatively lower tumor-occupying
area ratio (0.31 and 0.52; Patients 5 and 6, respectively, in
Table 5) showed a significant change in i0SEPs, while a
patient with a larger tumor-occupying area ratio (0.71; Patient
8 in Table 5) and severe invasion of the somatosensory tract
showed no significant changes in i0SEPs, as did the severely
invasive IM tumor. These findings suggested that a topo-
graphically severely compromised spinal cord before opera-
tion would not yield significant changes in i0SEP. These cases
support those of a previous study which demonstrated that rats
with preexisting demyelination showed less SEP vulnerability
to ischemia and anoxia [9].
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4.2 Contributing factors for PMD
4.2.1 Topographical vs electrophysiological value

Based on the analyzed risk factors for the PMD, topographical
values including tumor-occupying area ratio and anatomical
type are considered significant risk factors for transient PMD,
which would resolve within 4 weeks. However, the electro-
physiological parameter, i0SEPs, was found to be a significant
risk factor for PMD that persisted over 4 weeks. These results
of regression analyses imply that the PMD would be restored
soon after surgery if the i0SEPs did not change significantly
even if the tumor-occupying area ratio is higher. With closer
observation, the average tumor-occupying area ratio of patients
with IM tumors who showed transient PMD was 0.81 and
that of patients with PMD that persisted over 4 weeks was
0.78. This also suggests that the topographical data itself is
not enough for predicting the persistence of PMD, and the
electrophysiological value should be considered to predict a
more reliable prognosis. In addition, the possible reason that
the ioMEP,,, was not analyzed to be a prognostic factor for
PMD would lie on the strict alarm criteria of this study on
10MEP,,,,,, which was set as 50% reduction from baseline, not
80% reduction as recently reviewed [3].

A previous study revealed that the topographical degree
of spinal cord involvement correlated with the latencies of
tibial SEPs in patients with cervical ossification of poste-
rior longitudinal ligament (OPLL) [18]. Recently, diffu-
sion tensor tractography revealed significant correlations
of the topographical alteration of pyramidal tract to MEPs
and PMD [28]. In the present study, the cutoff values of the
tumor-occupying area ratio for preSEP; ,, and ioSEP dete-
rioration in SCTs (cutoff values, 0.67 and 0.67, respectively)
were higher than those for preSEP; , in OPLL (cutoff value,
0.36) [18]. These differences may result from the hardness
difference between tumor and ossification.

4.2.2 PreSEPs not enough to predict PMD

Even though the preSEP; , did not show a direct correla-
tion with PMD in this study, the prolongation of preSEP;
could be a deductive basis for predicting the postoperative
functional changes by noting that the i0SEPs are signifi-
cantly related to preSEP; ,,, especially in patients with IDEM
tumors. Additional data can be accumulated and analyzed to
verify whether preSEPs can be used as an index for predict-
ing PMD considering the collinearity with ioSEPs.

4.2.3 Tumor growth rate may not be a prognostic factor
for PMD

Epidemiologically, IM tumors comprise 20-30% of primary
intradural SCTs, and IDEM tumors comprise the remaining

70-80% [29, 30]. Ependymomas, which are known to grow
slowly, account for up to 25% of IM tumors. Among the 24
patients with IM tumors, nine (37.5%) had ependymoma.
Among ten patients with IM tumors who had PMD, eight
(80.0%) had ependymoma. We first assumed that this slowly
growing IM ependymoma would not deteriorate or cause less
deterioration of the neural tract because the nerves had enough
time to adapt to the slowly increasing intradural pressure, so
that maintaining the neurophysiological function would be
relatively easier over the long time of tumor growth. How-
ever, in this study, many cases of ependymoma with prolonged
preSEPs have already shown PMD (Table 5). An animal study
which compared the imaging and neurological outcomes of rat
models under the varying speeds of spinal cord compression
revealed that the speed of cord compression is not a significant
factor for neurological deterioration [31]. In addition, to the
best of our knowledge, no previous experimental study has
examined the degree of the restoration of neurophysiological
function after decompression depending on the duration of
neural compression of any peripheral nerve or spinal cord.
Moreover, in an actual clinical setting, accurate prediction of
the initial onset of tumor development is usually impossible;
even neurosurgeons would regard this kind of study unneces-
sary because they mostly promptly make plans to remove the
tumor once it is detected.

4.3 Limitations

In addition to the small sample size, this study has several
other limitations. We did not match each median, ulnar, per-
oneal, or tibial SEPs by the preoperative and intraoperative
evaluations, and we did not match the motor outcomes by
each nerve. Since we analyzed the overall preSEPs, ioSEPs,
and motor grades, we could not provide specific statisti-
cal data on each nerve and its focal functional outcomes.
Further, the postoperative neurologic prognosis was not
analyzed based on the degree of recovery of IONM param-
eters. D-wave testing was not available because it has not yet
been approved by the Korea Food and Drug Administration.
Despite the SEP studies, the patient’s sensory function was
not considered because of the difficulty in obtaining reports
of subtle sensory changes. Additionally, this study did not
unify the pathologic type of tumors, which usually contrib-
utes to the prognosis. Further analysis with a bigger sample
size of each pathological type would provide more useful
information to neurosurgeons.

5 Conclusions
In this study, the preSEPs and ioSEPs showed significant

correlation in patients with IDEM tumors. Preoperative
electrodiagnosis including preSEPs are useful not only in
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determining the preoperative neurophysiological function,
but also in predicting the results of IONM, especially in
IDEM tumors. Topographical values, including tumor-occu-
pying area ratio and anatomical type, were found to be con-
tributing factors for the transient PMD, whereas the ioSEPs
were identified as the significant prognostic factors for pre-
dicting postoperative weakness that persists over 4 weeks.
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