
INTRODUCTION

Transcranial electrical stimulation-motor evoked po-
tential (TES-MEP) is a valuable intraoperative monitor-
ing technique to monitor functional integrity of the cor-

ticospinal tract during brain tumor resection [1]. In the 
area of intraoperative monitoring, the role of physiatrist 
is to predict motor outcomes and plan postoperative 
rehabilitation therapies based on its results. To predict 
motor outcomes, 50% amplitude reduction and 10% la-
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Transcranial electrical stimulation-motor evoked potential (TES-MEP) is a valuable intraoperative monitoring 
technique during brain tumor surgery. However, TES can stimulate deep subcortical areas located far from the 
motor cortex. There is a concern about false-negative results from the use of TES-MEP during resection of those 
tumors adjacent to the primary motor cortex. Our study reports three cases of TES-MEP monitoring with false-
negative results due to deep axonal stimulation during brain tumor resection. Although no significant change in 
TES-MEP was observed during surgery, study subjects experienced muscle weakness after surgery. Deep axonal 
stimulation of TES could give false-negative results. Therefore, a combined method of TES-MEP and direct 
cortical stimulation-motor evoked potential (DCS-MEP) or direct subcortical stimulation should be considered to 
overcome the limitation of TES-MEP.
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tency prolongation of MEP are considered as significant 
deterioration criteria under TES-MEP monitoring [2]. 
Despite advantages of TES-MEP, deep axonal stimulation 
is a possible drawback. TES can stimulate deep subcorti-
cal areas such as the cerebral peduncle and pyramidal 
decussation [3]. This phenomenon has been demonstrat-
ed in several animal experiments and in electrical field 
modeling of TES [3,4]. There is a concealed concern for 
false-negative results caused by deep axonal stimulation 
during tumor resection around the primary motor cortex. 
However, there are only a few clinical mentions of this in 
the literature [5,6].

On the other hand, direct cortical stimulation-motor 
evoked potential (DCS-MEP) has higher sensitivity and 
reliability than TES-MEP in insular and/or around pre-
central or postcentral neurosurgeries. Thus, DCS-MEP 
could be a more reliable method for avoiding deep axo-
nal stimulation [7]. However, DCS-MEP during tumor 
resection around the primary motor cortex is not com-
monly used in Korea.

Our study reports three brain tumor cases of TES-MEP 
monitoring with false-negative results due to deep axo-

nal stimulation during the resection of brain tumors in or 
adjacent to primary motor cortex. To avoid deep axonal 
stimulation of TES, we performed a combined method of 
TES-MEP and DCS-MEP and confirmed a true positive 
result.

CASE REPORTS

Patient 1
A 59-year-old woman presented with a history of sei-

zure and muscle weakness in her right hand as grade 3 
on the Medical Research Council (MRC) scale. Her Fugl-
Meyer motor score at the right upper extremity was not 
measured. Brain magnetic resonance imaging (MRI) 
demonstrated a necrotic, hemorrhagic, peripheral en-
hancing lesion in the left precentral gyrus and area adja-
cent to the middle frontal gyrus (Fig. 1A). A craniotomy 
was performed for tumor removal under intraoperative 
TES-MEP monitoring. TES-MEP was evoked with repeti-
tive stimulation of 6 pulses/train at 450 volts at C3/4 us-
ing an MEP monitoring system (NIM-Eclipse; Medtronic 
plc, Dublin, Ireland). Recording sites were bilateral del-
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Fig. 1. Preoperative (A) and postop-
erative (B) axial T2-weighted mag-
netic resonance images of a lesion 
at the left precentral gyrus and area 
adja cent to the middle frontal gyrus 
which was removed with intraopera-
tive tran scranial electrical stimula-
tion-motor evoked potential moni-
toring (see illustrative Patient 1). (C) 
Tracing shows transcranial electrical 
stimulation-motor evoked potential 
(TES-MEP) during the surgery. MEP 
amplitude was significantly de-
creased in the right lower extremity, 
but not in the right upper extremity.
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toid, abductor pollicis brevis, tibialis anterior, and abduc-
tor hallucis muscles. MEP amplitude was decreased sig-
nificantly in the right lower extremity, but not in the right 
upper extremity (Fig. 1C). The amplitude of right median 
somatosensory evoked potential (SEP) was decreased. It 
did not recover at the end of surgery. Muscle weakness 
in both the right upper and lower extremities was aggra-
vated after the operation to MRC scale 1. Fugl-Meyer mo-
tor score at the right upper extremity was 4 and that score 
at hand was 0. Follow-up brain MRI demonstrated com-
plete cortical tissue loss of the left precentral gyrus with 
white matter resection surface, suggesting possible acute 
infarction (Fig. 1B). Postoperative transcranial magnetic 
stimulation MEP was not performed. Upon discharge on 
postoperative day eight, her neurological status remained 
unchanged. Histology revealed glioblastoma (WHO grade 
IV).

Patient 2
A 54-year-old woman presented with a history of sei-

zure. Brain MRI demonstrated a peripheral enhancing 

lesion at the left high frontal lobe involving the precentral 
gyrus (Fig. 2A). On admission, the patient was neuro-
logically intact. Motor strengths of all extremities were 
measured as grade 5 on MRC scale. However, Fugl-Meyer 
motor score was not measured. A craniotomy was per-
formed for tumor removal under intraoperative TES-MEP 
monitoring. TES-MEP was evoked with repetitive stimu-
lation of 6 pulses/train at 350 volts at C3/4 using an MEP 
monitoring system (NIM-Eclipse). Recording sites were 
bilateral deltoid, abductor pollicis brevis, tibialis anterior, 
and abductor hallucis muscles. No significant change in 
TES-MEP or SEP was observed during the surgery (Fig. 
2C). After the operation, neurological examination re-
vealed motor weakness of the right upper extremity (MRC 
scale 2) as she was unable to grasp with her right hand. 
Fugl-Meyer motor score at the right upper extremity 
was 7 and that score at hand was 0. Follow-up brain MRI 
demonstrated cortical tissue loss in the left precentral 
gyrus involving hand knob (Fig. 2B). Postoperative tran-
scranial magnetic stimulation MEP elicited no response 
at the right abductor pollicis brevis muscle. At discharge 
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Fig. 2. Preoperative (A) and post-
operative (B) axial T2-weighted 
magnetic resonance images of a 
lesion at the left high frontal lobe in-
volving the precentral gyrus which 
was removed with intraoperative 
transcranial electrical stimulation-
motor evoked potential monitoring 
(see illustrative Patient 2). (C) Trac-
ing shows transcranial electrical 
stimulation-motor evoked potential 
(TES-MEP) during surgery. No sig-
nificant change in TES-MEP was 
observed.
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on postoperative day nine, her neurological status was 
unchanged. Histology revealed pilocytic astrocytoma. 

Patient 3
An 82-year-old woman presented with muscle weak-

ness of the right upper extremity, predominantly in her 
hand (MRC scale 4). Her Fugl-Meyer motor score was 
not measured. Brain MRI demonstrated a mass in the 
left fronto-parietal lobe involving the precentral gyrus 
(Fig. 3A). A craniotomy was performed for tumor removal 
under intraoperative TES-MEP and DCS-MEP monitor-
ing. TES-MEP was evoked with repetitive stimulation of 6 
pulses/train at 450 volts at C3/4 while DCS-MEP was ob-
tained with a strip electrode on the motor cortex through 
stimulation of 6 pulses/train at 300 volts using an MEP 
monitoring system (NIM-Eclipse). We used a 4-channel 
strip electrode in DCS which was inserted after cranioto-
my. The strip electrode was positioned at the motor cor-
tex of precentral gyrus through SEP phase reversal, direct 
cortical stimulation, and correlation with navigation MRI. 
Recording sites were bilateral abductor pollicis brevis, 
abductor hallucis, right deltoid, and right tibialis anterior 

muscles. Because the tumor was located in the primary 
motor cortex, the surgeon and physiatrist for intraopera-
tive monitoring predicted unavoidably significant signal 
loss in both TES-MEP and DCS-MEP during gross-total 
resection. Unexpectedly, no significant change in TES-
MEP at the right extremities was observed during surgery 
while significant loss in DCS-MEP was observed (Fig. 
3C). The physiatrist discussed with the surgeon about an 
unexpected result and decided to perform repetitive TES-
MEP. Because the same result was observed in the repeti-
tive stimulation, physicians concluded a false negative 
result from it and resection was continued. No significant 
change in SEP was observed during surgery. After the 
operation, neurological examination revealed motor 
weakness of the right upper and lower extremities (MRC 
scale 1). Her Fugl-Meyer motor score was not measured. 
Follow-up brain MRI demonstrated cortical tissue loss in 
the left fronto-parietal lobe involving the precentral gyrus 
(Fig. 3B). Postoperative transcranial magnetic stimulation 
MEP was not performed due to postoperative seizure. At 
discharge on postoperative day 13, her neurological sta-
tus was unchanged. Histology revealed glioblastoma.
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Fig. 3. Preoperative (A) and postop-
erative (B) axial T2-weighted mag-
netic resonance images of a lesion 
at the left fronto-parietal lobe in-
volving the precentral gyrus which 
was removed with intraoperative 
transcranial electrical stimulation 
and direct cortical stimulation-
motor evoked potential monitoring 
(see illustrative Patient 3). (C) Trac-
ing shows transcranial electrical 
stimulation-motor evoked potential 
(TES-MEP; waves other than arrow) 
and direct cortical stimulation-
motor evoked potential (DCS-MEP; 
arrow) during surgery. While no 
significant change in TES-MEP of 
the right extremities was observed 
during surgery, significant loss in 
DCS-MEP was observed (arrow).
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DISCUSSION

Our study reported false-negative TES-MEP results in 
three cases of brain tumor resection due to deep axonal 
stimulation. When deep axonal stimulation occurs at 
subcortical areas, motor cortex injuries along the superfi-
cial subcortical motor pathways may go undetected, rais-
ing concerns for patient safety and reliability of TES-MEP 
monitoring.

There are several advantages of using TES-MEP under 
some clinical situations. TES-MEP can monitor the func-
tional integrity of a wide corticospinal tract area. It may 
be better at detecting vascular compromises or remote 
area infarctions. In addition, TES-MEP can monitor pos-
sible delayed complications such as delayed ischemia 
because TES-MEP could be implemented until skin clo-
sure [8]. However, TES-MEP cannot detect superficial 
ischemia of the cortical branch or transient ischemia [8]. 
Conclusively, deep axonal stimulation can raise false 
negative results when using TES-MEP. 

One possible way to overcome deep axonal stimulation 
of TES-MEP is to consider the advantage of DCS-MEP 
because DCS-MEP may detect injuries of pyramidal cells 
or their pyramidal axons promptly. With such advantage, 
DCS-MEP has higher sensitivity and reliability than TES-
MEP in insular and/or around precentral or postcentral 
neurosurgeries. Boex et al. [7] have reported the sensitiv-
ity of DCS-MEP for all new upper limbs deficits is 100%, 
while the sensitivity of TES-MEP is only 82.3% in insular 
and/or around precentral or postcentral neurosurgeries. 
Therefore, DCS-MEP could be a more reliable method to 
avoid deep axonal stimulation. It is an alternative method 
of TES-MEP. Nevertheless, there are several disadvantag-
es of DCS-MEP. It can evaluate only narrow area. In addi-
tion, insertion of strip electrodes at cortical areas of mid-
line, sagittal plane, and subdural adhesions is difficult 
[8]. Moreover, there are unstable changes in DCS-MEP 
recordings such as abrupt fading of waveforms and inter-
mittent changes in amplitude due to unknown causes [8]. 
Considering advantages and disadvantages of TES-MEP 
and DCS-MEP, a combined method of TES-MEP and 
DCS-MEP should be considered to monitor motor path-
ways effectively during resection of brain tumors located 
in or adjacent to the primary motor cortex. Even if there 
are discrepancies between results of TES-MEP and DCS-
MEP, results of DCS-MEP are weighted because of high 

sensitivities for these methods.
Another possible strategy is to use direct subcortical 

stimulation as an alternative or compensatory method. 
Direct subcortical stimulation mapping can stimulate 
white matter bundles and protect deep subcortical corti-
cospinal tract pathways in white matter around resection 
area. Keles et al. [9] have reported that the surgeon could 
achieve an acceptable risk of permanent motor deficits 
in resection of gliomas located within or adjacent to the 
descending motor pathways. For that reason, a combined 
method of DCS-MEP and subcortical stimulation is the 
gold standard to preserve structures of the primary motor 
cortex and pyramidal tract [10].

There is a limitation in these cases. There were no long-
term follow-ups of neurological status in these patients. 
The long-term follow-up is needed to exclude the possi-
bility of supplementary motor area syndrome and recov-
ery of motor function by reducing brain edema. 

In conclusion, deep axonal stimulation of TES during 
brain tumor resection in or adjacent to the primary motor 
cortex could give false-negative results in intraoperative 
monitoring as a limitation of TES. Therefore, a combined 
method of TES-MEP and DCS-MEP or direct subcortical 
stimulation should be considered to overcome the limi-
tation of TES-MEP.
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