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Intraoperative Monitoring of Motor-Evoked Potentials
for Supratentorial Tumor Surgery

Jung Jae Lee, M.D., Young Il Kim, M.D., Jae Taek Hong, M.D., Jae Hoon Sung, M.D., Sang Won Lee, M.D., Seung Ho Yang, M.D.
Department of Neurosurgery, St. Vincents Hospital, The Catholic University of Korea, Suwon, Korea

Objective : The purpose of this study was to assess the feasibility and clinical efficacy of motor evoked potential (MEP) monitoring for supratentorial
tumor surgery.

Methods : Between 2010 and 2012, to prevent postoperative motor deterioration, MEP recording after transcranial stimulation was performed in
84 patients with supratentorial brain tumors (45 males, 39 females; age range, 24—80 years; median age, 58 years). MEP monitoring results were
correlated with postoperative motor outcome compared to preoperative motor status.

Results : MEP recordings were stable in amplitude (<50% reduction in amplitude) during surgery in 77 patients (91.7%). No postoperative motor
deficit was found in 66 out of 77 patients with stable MEP amplitudes. However, postoperative paresis developed in 11 patients. False negative find-
ings were associated with edema in peri-resectional regions and postoperative bleeding in the tumor bed. MEP decrease in amplitude (>50%) oc-
curred in seven patients (8.3%). However, no deficit occurred postoperatively in four patients following preventive management during the operation.
Three patients had permanent paresis, which could have been associated with vascular injury during tumor resection.

Conclusions : MEP monitoring during supratentorial tumor surgery is feasible and safe. However, false negative MEP results associated with postop-
erative events may occur in some patients. To achieve successful monitoring, collaboration between surgeon, anesthesiologist and an experienced
technician is mandatory.
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INTRODUCTION methods and results of intraoperative MEP monitoring to assess
the validity and utility of this method during resection of supra-

Neurophysiological intraoperative monitoring (IOM) is re-  tentorial brain tumors.

garded as a useful tool during surgery on eloquent areas of the

central nervous system. IOM provides information about phys-  MATERIALS AND METHODS

iological changes in order to increase safety and reduce postop-

erative morbidity'*''*. Monitoring of motor-evoked potentials  Patients

(MEPs) has gained increasing attention as a valid method for Between 2010 and 2012, MEP monitoring was performed in

detecting and possibly averting motor deterioration during sur- 84 patients with supratentorial brain tumors to preventpostop-

gery for intracranial aneurysm, brain tumors, and spine in anes-  erative motordeterioration. There were 45 males and 39 females.

thetized patients**'”. MEP has become popular due to recent  Age range was 24-80 years (median age, 58 years). Histopatho-

rapid advances in propofol anesthesia and train stimulation'® logical diagnosis of enrolled patients is summarized in Table 1.

To record MEP, primary motor cortex in the frontal lobe or py-  Surgery was performed via craniotomy by two surgeons at a

ramidal tract were directly stimulated with 10 mA using subdu-  single institution. For 72 patients, total or subtotal tumor re-

ral electrodes or high-voltage transcranial stimulation®®. moval (>90% of tumor volume removed) was performed dur-
Previously, we reported the clinical efficacy of intraoperative  ing a one-stage operation. For 12 patients, partial tumor remov-

MEP recording to prevent postoperative motor deficit in patients  al was performed. Data from clinical notes, surgical reports,

with skull base tumors'”. In the present study, we analyzed the ~ and radiologic findings were included in this analysis. Clinical
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motor function of each patient was assessed preoperatively,
each day during the hospitalization and 3 months postopera-
tively by an independent neurosurgeon or physician assistance
who was unaware of the intraoperative MEP findings. Motor
strength of the upper and lower extremities was recorded using
a reproducible scale (0/5, no movement; 1/5, trace of contrac-
tion; 2/5, movement not sustained against gravity; 3/5, move-
ment against gravity but not against applied resistance; 4/5,
movement against some degree of resistance; and 5/5, normal).

Anesthetic protocol and intra-operative nerve
monitoring

Inhalational agents and neuromuscular blockade are avoided
during anesthesia. After induction with propofol and rocuroni-
um (1 mg/kg), neuroanesthesia was maintained using propofol
(0.1-0.5 pg/kg/min) and a narcotic [remifentanil (50-120 pg/
kg/min)]. MEPs were monitored (Eclipse Neurological Worksta-
tion, Axon Systems Inc., New York, NY, USA) in all patients by

Table 1. Pathological diagnosis

Pathology No.
Meningioma 48
Glioma 15
Brain metastasis 13
Craniopharyngioma
Granuloma
Cavernoma
Total 84
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a trained electrophysiologic team. A constant voltage stimulator
was used for transcranial electrical stimulation performed through
a pair of spiral scalp electrodes using 3—5 pulses of 200400 V
with an interstimulus interval of 1-3 milliseconds. Each pulse
was 50 microseconds in duration. Muscle responses were re-
corded by subdermal needle electrodes placed in or over the fol-
lowing muscle groups bilaterally : flexor carpi radialis and flex-
or carpi ulnaris (arm); thenar and hypothenar muscles (hand);
tibialis anterior (leg); medial gastrocnemius (leg); and abductor
hallucis and abductor digiti minimi (foot). Recordings were
considered stable when spontaneous fluctuation in amplitude
was <50%, and 10% in latency. Compared to preceding aver-
aged recordings, consistent decreases in amplitude and increas-
es in latency exceeding these limits were considered to signal
significant deterioration. Complete disappearance of motor re-
sponse was classified as loss'”. All significant MEP changes, in-

‘ Supratentorial tumor surgery (n=84) ‘
MEP
Stable >50% decrease in amplitude
(n=77) (n=7)
No Permanent Transient No New
deficit paresis paresis deficit paresis
(n=66) (n=3) (n=8) (n=4) (n=3)

Fig. 1. Summary of intraoperative motor evoked potential (MEP) change
and postoperative motor status.

Table 2. Clinical summary of patients with postoperative motor deterioration with an absence of MEP change (<50% decrease in amplitude)

c Motor power
ase . . ] ;
Age Sex  Diagnosis  Laterality — Before  Operative Postoperative ) Postoperative Causative factor
no. . At discharge
operation day 3 day 3 months
1 71 F Convexity Lt 5/5 3/5 4/5 5/5 5/5 Perilesional edema
meningioma
2 43 M Convexity Rt. 5/5 4/5 4/5 5/5 5/5 Tumor bed bleeding
meningioma
75 F  Metastasis Rt. 4/5 3/5 3/5 4/5 5/5 Precentral gyrus edema
66 M Metastasis Rt. 4/5 2/5 3/5 4/5 4/5 Precentral gyrus edema
31 F Parasagittal Lt 4/5 3/5 4/5 4/5 5/5 Postcentrl gyrus edema
meningioma
6 70 F Clinodal Lt. 5/5 3/5 5/5 5/5 5/5 Hemorrhagic contusion
meningioma
7 38 F Gradell glioma Lt 5/5 4/5 3/5 3/5 5/5 Aggravation of
preoperative edema
8 61 M Convexity Lt 4/5 4/5 2/5 2/5 3/5 Aggravation of
meningioma preoperative edema
9 73 F Anaplastic Rt. 5/5 2/5 2/5 1/5 1/5 Tumor bleeding
astrocytoma
10 59 F Parasagittal Lt. 5/5 5/5 4/5 5/5 5/5 Perilesional edema
meningioma
11 50 F Sylvian Lt 5/5 5/5 3/5 4/5 5/5 Tumor bed bleeding
meningioma

MEP : motor evoked potential
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Table 3. Clincal summary of patients with no motor deterioration following preventive management elicited by MEP warning

. Motor power
na;)se Age Sex Diagnosis Laterality ~ Final MEP Before  Operative Postoperative At Management
’ operation day 3 day discharge
1 52 F Parasagittal Lt. Fully recovered 5/5 5/5 5/5 5/5  Stop dissection around
meningioma postcentral gyrus
2 36 M Ventricular Rt. Improved 5/5 5/5 5/5 5/5  Relieve brain
meningioma retraction
3 57 F Falxmeningioma Rt. Fully recovered 5/5 5/5 5/5 5/5  Restore blood
pressure
4 40 F Craniopharyngioima Midline Fully recovered 5/5 5/5 5/5 5/5  Relieve brain
retraction

Left flexor

Left thenar  Right flexor

a—

Fig. 2. A : Enhanced T1-weighted axial image showing a 5.3x4.3 cm-sized intraaxial mass in the
right frontal lobe. The lesion extends into the left hemisphere through the corpus callosum.
Peritumoral edema is extensive. B : Intraoperative MEP recording was stable during the operation. C :
Postoperative CT scan showing acute hematoma in the right frontal lobe and subfacine herniation.

MEP : motor evoked potential.

cluding recovery after impairment or loss, were reported to the
surgeon or documented as excluded for technical reasons (e.g.,
displacement of the stimulating electrode).

RESULTS

Preoperative motor scores of the contralateral extremities were
5/5 in 76 patients, 4/5 in 6, and 2—3/5 in 2, respectively. Involved
lesions were precentral gyrus in 6 patients, supplementary mo-
tor area in 10, postcentral gyrus in 4, precentral/postcentral gy-
rus in 4, and insular in 7, respectively. MEP monitoring was per-
formed in all patients with supratentorial brain tumors. MEP
recordings were stable in amplitude during surgery in 77 patients
(91.7%). No postoperative motor deficit was found in 66 out of
77 patients with stable MEP. However, postoperative paresis de-
veloped in 11 patients, of whom eight and three presented with
transient and permanent deficits, respectively (Fig. 1). These
false negative findings were associated with edema in peri-re-
sectional regions, and postoperative bleeding into the tumor
bed (Table 2). MEP decrease in amplitude (>50%) occurred in
seven patients (8.3%). However, no deficit occurred postoper-
atively in four patients following preventive management dur-
ing surgery (Table 3). The other three patients had permanent
paresis, which could have been due to vascular injury during
tumor resection. In our series, with a 50% reduction in amplitude
as the threshold for motor palsy, the sensitivity and specificity

were 21.4% and 94.3%, respectively. No
specific complications related to MEP
monitoring were observed. Neither in-
flammation nor burns caused by electri-
cal stimulation were observed during
the postoperative course.

lllustrated cases

Case 1 (No.9inTable 1)

A 73-year-old woman presented with
one episode of seizure. Preoperative MR
image showed a well-enhanced mass
involving the right frontal lobe (Fig. 2A).
A craniotomy was performed. MEP change did not occur dur-
ing the procedure (Fig. 2B). Postoperatively, dense paresis ap-
peared in her left upper and lower limbs. Postoperative CT scan
revealed acute hematoma in the right frontal lobe (Fig. 2C). We
suggested this was likely caused by bleeding from remnant tumor.
Final pathology was consistent with anaplastic astrocytoma.

Case 2 (No. 1inTable 2)

A 52-year-old woman presented with headache. Preoperative
MR image showed an extra-axial mass located posterior to the
left central sulcus (Fig. 3A). Tumor dissection was started from
the posterior margin of the tumor. MEP deterioration devel-
oped during tumor dissection around the postcentral gyrus and
draining veins. MEP amplitude recovered following discontinu-
ation of the dissection (Fig. 3B). Simpson grade I resection of
parasagittal meningioma was achieved. Postoperatively, the pa-
tient’s motor status was preserved.

Case 3

A 48-year-old woman presented with headache and speech
disturbance. Preoperative MR image showed an extra-axial mass
in the left frontotemporal region (Fig. 4A). MEP loss developed
after coagulation of feeding arteries (Fig. 4B). MEP did not recov-
er until completion of the surgery (Fig. 4C). Right side hemipa-
resis developed postoperatively.
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DISCUSSION

We performed intraoperative MEP monitoring during resec-
tion of supratentorial brain tumors to predict and prevent mo-
tor paresis in 84 patients. Motor deterioration following intra-
operative management was prevented in four patients due to
timely MEP warning. Three patients developed permanent mo-
tor deterioration even though MEP decrease in amplitude (>50%
of the baseline level) was detected and responded to during sur-
gery. False negative warnings occurred in 11 patients.

During spinal operations, the sensitivity and specificity of
transcranial MEP monitoring with a 50% reduction in ampli-
tude as the threshold for motor palsy were 100% and 89.3%, re-
spectively. During aneurismal operations, the sensitivity and
specificity were 100% and 83%, respectively. On the other hand,
the sensitivity and specificity of transcranial MEP monitoring
for brain tumor operations were 75% and 77.8%, respectivelym).
Transcranial MEP is so sensitive in spinal surgery that subclini-
cal transient motor deficits can be detected. It is well known
that acute decompression causes hyperemia in the spinal cord,
and it is a major reason for false positives in spinal surgery'”.
Deep white matter stimulation by transcranial stimulation seems
to be one of the reasons why false negatives have happened more
in patients undergoing brain rather than spinal surgeries. Sensi-
tivity for aneurysm surgery is higher than that for brain tumor
surgery, because vascular compromise directly affects the corti-
cospinal tract”. In our series, vascular insults occurring during
tumor resection were accompanied by a deteriorated MEP wave,
and were strongly associated with permanent motor paresis.
When deteriorated MEP was allowed to recover after relieving
brain retraction, blood pressure restoration, and the discontinu-
ation of tumor dissection, prevention of motor deterioration
was achieved.

There is little consensus regarding evaluation of amplitude
change and alarm point in transcranial MEP monitoring”. We
previously suggested a 50% reduction in amplitude predicted
subsequent occurrence of motor deterioration'”. Kombos et al.”
reported an 80% reduction in amplitude
during direct cortical MEP monitoring
was a sufficient threshold for predicting
postoperative motor palsym). However,
an 80% amplitude reduction in transcra-
nial MEP waves has been associated
with irreversible motor palsy for various
neurosurgical operations'”. A false-neg-
ative signal is clinically more important
than a false-positive. It is more important
to decrease false negatives during intra-
operative monitoring. However, false-
negatives during MEP monitoring with
a 50% reduction in amplitude as the cut-
off occurred in 11 patients who under-
went brain tumor surgery. Postoperative
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perilesional edema and bleeding were also associated with false-
negatives in seven and four patients, respectively. Another study
showed not only cortical or subcortical structural damage to el-
oquent brain tissue, but also peri- or postoperative ischemic le-
sions play crucial roles in the development of glioma surgery-
related motor deficits”. This means intraoperative MEP moni-
toring could fail to predict motor deterioration caused by post-
operative brain tumor resectional changeSZ).

According to an international survey involving more than
100 neurosurgeons from 16 countries on the availability and
importance of IOM, neurosurgeons with IOM experience of >5
years stated IOM had less influence on the course of their sur-
geries than did surgeons with less experience with this tool”.
IOM information helped young neurosurgeons learn which
step of a surgery caused an injury, and helped them refine their
surgical procedures'. Even though we are able to detect motor
deterioration with IOM, the key point is how to avoid these
events. A meticulous surgical technique tailored to the vascular
architecture at risk is the mainstay of a safe resection, whether
cortical arteries and draining veins or subcortical perforating
arteries are involved. When MEP amplitude declines, strategies
to enhance critical perfusion must be applied, including a tem-

THT

Stop dissection

%

Anterior tibialis
Recovery

Left Right
Fig. 3. A : Enhanced T1-weighted axial image showing a 4x3.6 cm-
sized homogenously enhanced mass in the left parietal lobe. MEP dete-

rioration was found during the tumor dissection. B : MEP recovered fol-
lowing discontinuation of the procedure.

Anterior tibialis

o
T

‘\/,L

Left Right@

Fig. 4. A : Enhanced T1-weighted axial image showing 6x7 c¢cm-sized homogenously enhanced
mass in the left frontotemporal lobe. B : MEP loss developed after multiple coagulation infeeding ar-
teries. C : MEP did not recover during the operation.
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porary halt of the resection, removal of spatulas, irrigation with
warm solution, and, if needed, application of vasoactive drugs
such as nimodipine”. Furthermore, the patient’s blood pressure
may be increased to improve blood flow. Good cooperation be-
tween the surgeon, IOM team, and anesthesiologist is of funda-
mental importance.

CONCLUSION

This study showed that MEP monitoring could predict post-
operative motor palsy in supratentorial tumor surgery. Howev-
er, false negative MEP results which were associated with postop-
erative events, such as perilesional edema or tumor bed bleeding,
were seen in some patients. We agree that IOM, including MEP
monitoring, will be increasingly important in the future.
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