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Abstract
Background  Careful examination of motor-evoked potential (MEP) findings is critical to the safety of intraoperative neu-
romonitoring during neurosurgery. We reviewed the intraoperative MEP findings in a pediatric patient who had undergone 
hemispherotomy for refractory epilepsy.
Case description  The patient was a 4-year-and-2-month-old boy with extensive right cerebral hemisphere, drug-resistant epilepsy, 
left upper and lower extremity paralysis, and cognitive impairment. We examined intraoperative MEP results both before and after 
hemispherotomy. Post-hemispherotomy and MEPs were successfully elicited through transcranial electrical stimulation (TES) but 
not via direct cortical stimulation on the right side. Furthermore, TES on the right side, following hemispherotomy, led to a reduc-
tion in the MEP amplification effect resulting from tetanic stimulation of the left unilateral median and tibial nerves. Conversely, 
we observed the effects of MEP amplification during TES on the left side after tetanic stimulation of these nerves. Postoperatively, 
the patient underwent magnetic resonance imaging and electroencephalogram examinations, confirming the anatomical and elec-
trophysiological completeness of the dissection. Notably, the seizures disappeared, and no apparent complications were observed.
Conclusion  Collectively, our findings suggest that TES can still activate deep structures and elicit MEPs, even in cases where 
the corticospinal connections to the posterior limb of the internal capsule are entirely severed. Thalamo-cortical interactions 
may affect the MEP amplification, observed during tetanic stimulation. Injury to the corticospinal tracts of the white mat-
ter may be obscured on conventional MEP findings; however, it may be identified by MEP changes in tetanic stimulation.

Keywords  Intraoperative motor-evoked potential · Epilepsy surgery · Hemispherotomy · Pediatric craniotomy ·  
Tetanic stimulation

Introduction

Motor-evoked potentials (MEPs) can be employed to moni-
tor motor nerves safely, even under general anesthesia, 
owing to recent advancements in anesthesia and testing 
techniques. At our institution, we are exploring the use of 
the MEP amplification effect obtained through tetanic stimu-
lation of the unilateral median and tibial nerves (mt-MEP) 
for more effective intraoperative MEP monitoring when 
conventional MEPs generated without tetanic stimulation 
(c-MEPs) [1] fail to yield sufficient amplitude. We recently 

reported that MEPs induced following tetanic stimulation 
of the pudendal nerve (p-MEPs) during pediatric crani-
otomy can provide an additional MEP amplification effect 
[2]. However, false negatives and positives can arise owing 
to various factors, and recorded MEP waveforms may not 
always accurately reflect motor function [3]. The mechanism 
behind the MEP amplification effect of tetanic stimulation 
also remains unclear and warrants cautious interpretation. In 
this study, we present noteworthy intraoperative MEP find-
ings in a case of hemispherotomy.

Case presentation

The patient was a 4-year-and 3-month-old boy who experi-
enced status epilepticus at the age of 1 year and 8 months, 
leading to an emergency visit to a local doctor. Head mag-
netic resonance imaging (MRI) revealed extensive cortical 
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dysplasia in the right cerebral hemisphere, and focal epilepsy 
treatment was initiated (Fig. 1A–B). The seizures persisted 
despite trying various antiseizure medications, and develop-
mental regression occurred. Subsequently, the patient was 
referred to our department for surgical intervention. Physi-
cal examination revealed a manual muscle testing grade 2, 
with left-sided hemiparesis, especially in the left hand, and 
restricted isolated movement of an unknown degree. Sei-
zure semiology included daily convulsions on the left side 
of his body with left conjugate deviation of the eyes. EEG 
revealed a right frontal predominant spike and wave complex 

(Fig. 1C). We suspected an extensive epileptogenic zone in 
the right cerebral hemisphere and opted for hemispherotomy. 
Detailed methods of intraoperative MEP are presented in 
Supplementary information.

The suprathreshold stimulation intensity for MEPs was 
500 V for TES and 30 mA for DCS. After establishing the 
baseline of c-MEPs preoperatively (left (Lt.) adductor pol-
licis brevis (APB): 36.7 µV, Lt. abductor hallucis longus 
(AH): 15.8 µV, right (Rt.) APB: 21 µV, Rt. AH: 15.7 µV), 
intraoperative MEP monitoring was initiated. Tibialis ante-
rior and gastrocnemius were excluded from the study owing 

Fig. 1   A, B Preoperative cranial T2-weighted magnetic resonance 
imaging, axial section, revealing wide cortical dysplasia in the right 
cerebral hemisphere. C Preoperative interictal EEG indicating fre-
quent bilateral synchronous spike and wave activity in the right fron-
tal region. Sampling rate of 500 Hz, high-frequency filter of 60 Hz, 
and time constant of 0.3 s. D, E Postoperative cranial T2-weighted 

magnetic resonance imaging, axial and coronal sections, respectively, 
depicting complete detachment of the right thalamus from the right 
hemisphere. F Postoperative interictal EEG with lateralized interictal 
epileptiform discharges in the right hemisphere. Sampling rate of 500 
Hz, high-frequency filter of 60 Hz, and time constant of 0.3 s
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to the inability to obtain valid MEP waveforms. Detailed 
results are presented in Table  1. Post-hemispherotomy, 
MEPs could be measured from the left upper and lower 
extremities to the right cerebral hemisphere after TES. How-
ever, the MEP amplification effect of tetanic stimulation of 
the right median and tibial nerves was attenuated in both 
Lt. APB and Lt. AH, with MEPs reaching amplitudes simi-
lar to those observed at preoperative baseline (Fig. 2A, B). 
Both Lt. APB and Lt. AH also exhibited MEP amplification 
effects with pudendal nerve tetanic stimulation; however, the  
MEP amplification effect was significantly reduced post-
hemispherotomy in Lt. AH (Fig. 2G, H). MEPs were not 
obtained during DCS to the right cerebral hemisphere, pre- 
or post-hemispherotomy, with or without tetanic stimulation.

TES to the left cerebral hemisphere enabled the acqui-
sition of stable MEPs in the right upper and lower limbs 
throughout the surgery (Fig. 2C, D; I, J). mt-MEPs and 
p-MEPs demonstrated similar amplification effects com-
pared with that of c-MEPs. Post-hemispherotomy, tetanic 
stimulation of the left median and tibial nerves exhibited an 
amplifying effect on right upper and lower limb MEPs dur-
ing TES to the left cerebral hemisphere; Rt. AH exhibited 
significantly higher amplification than pre-hemispherotomy 
(Fig. 2E, F).

Surgery was completed without any complications. 
Postoperative MRI and EEG confirmed the anatomical 
and electrophysiological success of the hemispherotomy 
(Fig. 1D–F). Postoperatively, the degree of paralysis in the 
left upper and lower extremities remained unchanged, and 
the seizures disappeared.

Discussion

We obtained MEPs with TES but not DCS on the hemi-
spherotomy side post-hemispherotomy. In addition, the  
MEP amplification effect of tetanic stimulation of the  
unilateral median and tibial nerves was attenuated by  
TES on the hemispherotomy side post-hemispherotomy. 
Furthermore, tetanic stimulation of the unilateral median 
and tibial nerves contralateral to the hemispherotomy side 
exhibited MEP amplification effects during TES on the non-
hemispherotomy side. To the best of our knowledge, this is 
the first report discussing intraoperative MEP findings dur-
ing hemispherotomy.

During TES, stimulation deep in the cerebral white 
matter can result in false negatives beyond the damaged 
area of the corticospinal tract. Previous reports indicate 
that high stimulation intensities via the foramen magnum 
can lead to activation caudal to the pyramidal tracts [4, 
5]. In this case, MEPs were recorded even when the corti-
cospinal tract in the posterior limb of the internal capsule 
was completely disconnected. This suggests that stimuli Ta
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Fig. 2   Comparison of mean amplitudes between pre-hemispherotomy 
(pre-) and post-hemispherotomy (post) in each muscle and side of the 
tetanic stimulation group. The Mann–Whitney U test was employed 
for each comparison. A, B Transcranial electrical stimulation (TES) 
to the right cerebral hemisphere helped measure MEPs in both the 
left APB and AH, both pre and post. However, post-hemispherotomy, 
the MEP amplification effect of right peripheral nerve tetanic stimu-
lation was attenuated in both the APB and AH. C, D TES to the left 
cerebral hemisphere enabled stable MEPs to be obtained throughout 

the surgery. E, F Notably, left tetanic stimulation resulted in signifi-
cantly higher right AH and MEP in Post than that in Pre. G–J Over-
all, the MEP amplification effect was observed in the p-MEP group; 
however, in the right-side TES, the MEP amplification effect of AH 
was significantly attenuated in post. *p < 0.05, **p < 0.01. APB, 
adductor pollicis brevis muscle; AH, abductor hallucis longus mus-
cle; mt, tetanic stimulation of the unilateral median and tibial nerves; 
MEP, motor-evoked potential; p, tetanic stimulation of the pudendal 
nerve; TES, transcranial electrical stimulation

Fig. 3   Tetanic stimulation likely produces MEP amplification effect. 
A Unilateral peripheral nerve tetanic stimulation ascends the thala-
mospinal tract (green arrow), causing an MEP amplification effect 
between the thalamus and cortex, with TES evoking MEPs (black 
arrow). B Post-hemispherotomy (red line), tetanic stimulation does 
not proceed above the thalamus, and no MEP amplification effect 
occurs; TES propagates through non-parenchymal areas (big, dotted 

line), and MEPs are evoked below the thalamus without the benefit 
of tetanic stimulation. C MEP amplification effects may also occur in 
unilateral peripheral nerve tetanic stimulation via the ipsilateral thala-
mus due to interaction or ipsilateral dominance of sensation from the 
contralateral thalamus (small, dotted line). MEP, motor-evoked poten-
tial; TES, transcranial electrical stimulation
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were propagated to deeper regions via structures other 
than the brain parenchyma, such as the epidermis and 
dura mater. Thus, it is considered difficult to assess deep 
white matter damage using TES alone.

The mechanism underlying the amplifying effect of 
tetanic stimulation of the peripheral or pudendal nerves 
on MEPs remains unclear, but several hypotheses exist 
[6]. In our case, tetanic stimulation of the left median and 
tibial nerve lost its MEP amplifying effect in the right 
TES post-hemispherotomy. In contrast, the MEP amplify-
ing effect was preserved in the left TES post-hemispher-
otomy. These findings suggest that the MEP amplification 
effect of tetanic stimulation may involve thalamo-cortical 
interactions, with bilateral thalamic interactions or ipsi-
lateral innervation of sensory nerves playing a role in the 
transmission of tetanic stimulation (Fig. 3) [7, 8]. This 
may explain the higher amplification of MEPs during 
tetanic stimulation of the pudendal nerve compared to 
the peripheral nerve, possibly owing to the activation of 
a broader range of regions in the bilateral cerebral hemi-
spheres [9]. The specific-MEP changes of tetanic stimula-
tion may identify white matter damage even in TES.

Conclusion

Our findings indicate that TES can elicit MEPs from deep 
structures even when the corticospinal tracts in the posterior 
limb of the internal capsule are entirely disconnected. The 
MEP amplification effect of tetanic stimulation may involve 
thalamo-cortical interactions. Injury to the corticospinal 
tracts of the white matter is difficult to detect by c-MEP 
alone; however, it may be identified by MEP changes in 
tetanic stimulation.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s00381-​023-​06170-1.
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