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Continuous motor evoked potential (MEP) monitor-
ing via direct cortical or transcranial stimulation is 
an established method of neuromonitoring during 

the resection of lesions in or near the corticospinal tract 
(CST).3,8,9,14,18,21,22 Subcortical MEP (scMEP) stimulation 
is an additional intraoperative neurophysiological moni-
toring (IOM) tool, which is very helpful in assessing the 
proximity of the stimulation point to the CST. Thus, it 
supports the surgeon in determining where the resection 
should be stopped to avoid injury to the CST.3,4,7,12,13,15,18,

19,21,22,26

However, the use of scMEP stimulation has always in-
volved an interruption in the resection, a change to a hand-
held stimulation probe for mapping the resection borders. 
Therefore, a balance between safety (frequent halting of 
the resection and changing the instruments for mapping) 
and a continuous resective workflow (infrequent changing 
of the instruments for mapping) was necessary. Using a 
resective instrument as a stimulation probe would be ideal 
to enhance the workflow and safety of resections close to 
the CST.

In the present study we describe an approach in which 

abbreviatioNs CST = corticospinal tract; DTI = diffusion tensor imaging; IOM = intraoperative neurophysiological monitoring; MEP = motor evoked potential; scMEP = 
subcortical MEP.
submitted July 3, 2014.  accepted November 5, 2014.
iNclude wheN citiNg Published online May 15, 2015; DOI: 10.3171/2014.11.JNS141555.
disclosure The authors report no conflict of interest concerning the materials or methods used in this study or the findings specified in this paper. Dr. Krieg is a consul-
tant for BrainLAB AG.

Continuous subcortical motor evoked potential stimulation 
using the tip of an ultrasonic aspirator for the resection of 
motor eloquent lesions
ehab shiban, md, sandro m. Krieg, md, thomas obermueller, md, maria wostrack, md,  
bernhard meyer, md, and Florian ringel, md

Department of Neurosurgery, Technische Universität München, Munich, Germany

obJect Resection of a motor eloquent lesion has become safer because of intraoperative neurophysiological monitor-
ing (IOM). Stimulation of subcortical motor evoked potentials (scMEPs) is increasingly used to optimize patient safety. So 
far, scMEP stimulation has been performed intermittently during resection of eloquently located lesions. Authors of the 
present study assessed the possibility of using a resection instrument for continuous stimulation of scMEPs.
methods An ultrasonic surgical aspirator was attached to an IOM stimulator and was used as a monopolar subcorti-
cal stimulation probe. The effect of the aspirator’s use at different ultrasound power levels (0%, 25%, 50%, 75%, and 
100%) on stimulation intensity was examined in a saline bath. Afterward monopolar stimulation with the surgical aspirator 
was used during the resection of subcortical lesions in the vicinity of the corticospinal tract in 14 patients in comparison 
with scMEP stimulation via a standard stimulation electrode. During resection, the stimulation current at which an MEP 
response was still measurable with subcortical stimulation using the surgical aspirator was compared with the corre-
sponding stimulation current needed using a standard monopolar subcortical stimulation probe at the same location.
results The use of ultrasound at different energy levels did result in a slight but irrelevant increase in stimulation 
energy via the tip of the surgical aspirator in the saline bath. Stimulation of scMEPs using the surgical aspirator or mono
polar probe was successful and almost identical in all patients. One patient developed a new permanent neurological 
deficit. Transient new postoperative paresis was observed in 28% (4 of 14) of cases. Grosstotal resection was achieved 
in 64% (9 of 14) cases and subtotal resection (> 80% of tumor mass) in 35% (5 of 14).
coNclusioNs Continuous motor mapping using subcortical stimulation via a surgical aspirator, in comparison with 
the sequential use of a standard monopolar stimulation probe, is a feasible and safe method without any disadvantages. 
Compared with the standard probe, the aspirator offers continuous information on the distance to the corticospinal tract.
http://thejns.org/doi/abs/10.3171/2014.11.JNS141555
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the tip of a surgical aspirator was evaluated for its utility 
as an scMEP stimulation probe that would allow continu-
ous stimulation and parallel resection with the same surgi-
cal instrument.

methods 
The institutional review board approved all study pro-

tocols, and written informed consent was obtained from 
each patient before participating in the study.

setup for scmep stimulation
An ultrasonic surgical aspirator (SonaStar ultrasonic 

surgical aspiration system, Misonix Inc.) was used for tu-
mor resection and as a monopolar stimulation probe for 
scMEPs. The electrical stimulator of a monitoring sys-
tem (ISIS IOM neuromonitoring system, Inomed Med-
izintechnik) was directly connected to the electrosurgery 
monopolar radiofrequency connector of the handpiece of 
the ultrasonic aspirator.

effect of surgical aspirator on electrical stimulation
To assess the influence of ultrasound energy from the 

surgical aspirator on monopolar stimulation from the tip 
of the aspirator, we performed a bench experiment. The 
ultrasonic aspirator was connected to the IOM stimulator, 
and the tip of the aspirator was placed in a 0.9% saline 
bath, which was supplied with a ground electrode as a 
second electrode for stimulation and with 2 electrodes for 
voltage detection, as shown in Fig. 1. Stimulation (deliv-
ered as cathodal stimulation) conditions were as follows: 
square-wave pulses with a duration of 0.3 msec and a train 
of 5 pulses and current intensity of 3 mA.

Stimulation was initially performed without activa-
tion of the ultrasound, and a train of five impulses and 
the respective curves were documented for evaluation. 
Subsequently, the effects of different ultrasound activa-
tion levels (25%, 50%, 75%, and 100% of maximum ultra-
sound intensity) on the resulting current in the saline bath 
were measured for 5 stimulation impulses, each according 
to the train-of-five technique.25 This sequence was per-

formed 3 times, and the average of these stimulations was 
calculated and compared with the stimulation intensity at 
baseline (without surgical aspirator activation).

patient cohort
Between August 2013 and December 2013, in 14 pa-

tients with motor eloquent lesions surgically resected in 
our department, stimulation of scMEPs using a standard 
monopolar stimulation probe was compared with that de-
livered through an aspirator tip at the end of resection. 
Patient characteristics are summarized in Table 1. Motor 
eloquence was defined as < 2 cm of distance between the 
lesion and the CST, as depicted by preoperative diffu-
sion tensor imaging (DTI) of motor fiber tracking (Fig. 
2). Intraoperative continuous MEP monitoring via cortical 
stimulation was performed in all cases and was supple-
mented by subcortical motor stimulation in all cases. An 
image guidance system was also used in all cases (Vec-
torVision2, BrainLAB). Neurological examination was 
performed in every patient preoperatively, directly after 
surgery, at discharge 5–10 days after surgery, and at the 
first follow-up 3 months after surgery. Motor function was 
graded according to the British Medical Research Council 
(MRC) Scale.

Magnetic resonance imaging was acquired before and 
within 48 hours after surgery in all cases. A whole-body 
3-T imaging system (Achieva, Philips Electronics) with an 
8-channel head coil was used. Three-dimensional imaging 
was performed through continuous sagittal images using 
a T1-weighted 3D gradient echo sequence with isotropic 
voxels of 1 mm in length after the intravenous administra-
tion of 0.1 mmol/kg of gadopentetate dimeglumine. The 
3D data sets were transferred to the neuronavigation plan-
ning system (iPlan Cranial 3.0.1, BrainLAB AG) and fused 
with T2 FLAIR and DTI data.

Neurophysiological monitoring
Continuous cortical stimulation with the train-of-five 

method was used with the Inomed ISIS IOM system, as 
previously described.11,22 During tumor resection, MEPs 
were elicited every 1–15 seconds depending on the loca-
tion of resection. Subcortical stimulation with the train-
of-five method was delivered using either a concentric 
monopolar handheld probe (Inomed Medizintechnik), as 
previously described,22 or the tip of the ultrasonic surgical 
aspirator.

Upon approaching approximately 20 mm of distance 
from the CST, as depicted by the neuronavigation system, 
subcortical stimulation was started. Stimulation intensity 
was initially set at 20 mA with a 300-msec pulse dura-
tion at 60 Hz. Tumor removal was continued using si-
multaneous resection and stimulation until an MEP was 
elicited. Thereafter, stimulation intensity was reduced in 
4-mA steps until stimulation intensities were below 8 mA. 
Subsequently, stimulation intensity reduction occurred in 
1-mA steps. Resection was stopped at stimulation inten-
sities of 3 mA. The scMEP stimulation thresholds were 
compared at the same points within the resection cavity 
using stimulation with either the monopolar probe or the 
surgical aspirator tip, and agreement was analyzed.

Fig. 1. The ultrasonic surgical aspirator (SA) is connected to an IOM 
stimulator through an adapter cable. Electrical stimulation voltage is 
detected through the needles (A and B) in a saline bath (SB). Note the 
anodal pole for the monopolar stimulation (C) and ground electrode 
(Gnd). EMG = electromyography.
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statistical analyses
Agreement between both stimulation methods was 

analyzed using a Bland-Altman plot and correlations. 
Statistical analyses were performed using SPSS for Mac, 
version 22 (SPSS Inc.). A p value ≤ 0.05 was considered 
significant.

results
Influence of the Surgical Aspirator on Monopolar 
stimulation

Activation of the surgical aspirator increased stimu-
lation intensity to (mean ± standard deviation) 105.7% ± 
7.9% at the 25% aspirator activation level, 105.8% ± 3.6% 
at the 50% level, 106.5% ± 8.1% at the 75% level, and 
106.9% ± 13.9% at the 100% level compared with baseline 
(without surgical aspirator activation; Fig. 3).

patient characteristics
Fourteen patients (6 females and 8 males) with mo-

tor eloquent lesions underwent resection within the study 
period. The mean age of patients at the time of surgery 
was 53 years (range 32–78 years). Pathologies included 10 
gliomas (7 WHO Grade IV, 1 WHO Grade III, 2 WHO 
Grade II) and 4 metastases. Symptoms at presentation 
were hemiparesis in 9 patients, headaches in 2, and apha-
sia in 1; 2 patients were asymptomatic. The median pre-
operative Karnofsky Performance Scale (KPS) score was 
80 (range 70–100).

Tumor resection was performed according to micro-
surgical standards. Gross-total resection was achieved in 
64% (9 of 14) of cases and subtotal resection (> 80% of 
tumor mass) in 36% (5 of 14) of cases. Among the subto-
tal resection cases, 3 patients had a multifocal GBM and 
complete resection was not possible. Upon any instability 
of MEP signals or amplitude decline or loss from continu-
ous cortical stimulation, resection was stopped, spatulas 

were removed, and the surgical field was irrigated with 
warm Ringer’s solution. Resection boundaries were deter-
mined using both cortical and scMEP stimulation. In most 
cases, resection was prematurely stopped if cortical MEP 
amplitudes were reduced below 50% of their initial height 
and/or at an scMEP threshold of 3 mA.

correlation between subcortical stimulation with the 
surgical aspirator and the monopolar handheld probe

Subcortical stimulations delivered with the handheld 
probe and the surgical aspirator were successful in all cas-
es. Stimulation intensities for both methods were almost 
identical for electing the lowest motor threshold from the 
same stimulation site in all cases (Fig. 4; r2 = 0.994, p < 
0.0001). A 1-mA difference between both stimulation de-
vices was regarded as clinically insignificant.

correlation between electrophysiological Findings and 
postoperative clinical outcome

The scMEP threshold ranged from 3 to 18 mA in both 
stimulation modalities. One patient (Case 5) suffered a 
high-grade paresis following surgery. In that case, cortical 
MEPs were permanently lost. Transient new postoperative 
paresis or temporary exacerbation of preoperative paresis 
was observed in 28% (4 of 14) of cases (Table 1). In all of 
these cases, the motor threshold was a 4- to 8-mA stimula-
tion intensity at a 300-msec pulse duration.

discussion
Herein, we introduce a novel method of continuous 

subcortical stimulation during resection of motor eloquent 
lesions. Our data show that utilizing a surgical aspirator to 
stimulate scMEPs is feasible, safe, and virtually identical 
to using the standard probe with regard to motor thresh-
olds. The effects of ultrasound energy from the surgical 
aspirator on stimulation intensity are negligible.

table 1. summary of characteristics in 14 patients with lesions in motor eloquent regions

Case 
No.

Age 
(yrs) Sex Pathology cMEPs 

Subcortical Stimulation Motor Threshold (mA)
New Postop Motor DeficitMP SA

1 43 M Met Stable 9 9 No
2 62 M GBM Stable 18 18 No
3 40 M AS II Permanent loss 5  6 Temporary
4 52 M AO Stable 4 4 Temporary
5 43 F GBM Permanent loss 10; 10; 11 9; 10; 11 Permanent
6 55 M GBM Stable 7 8 Temporary
7 43 F AS II Stable 9 9 No
8 55 M GBM Stable 3 3 No
9 69 M Met Stable 6; 3 7; 3 No
10 58 M GBM Stable 12 12 No
11 32 F Met Stable 17 17 No
12 78 F GBM Stable 6 6 No
13 60 F GBM Temporary loss 6 5 Temporary
14 57 F Met Stable 4 4 No

AO = anaplastic oligodendroglioma; AS II = astrocytoma Grade II; cMEP = cortical motor evoked potential, GBM = glioblastoma multiforme; Met 
= metastasis; MP = monopolar probe; SA = surgical aspirator.
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There is growing evidence and agreement that the 
extent of resection correlates with patient survival. This 
holds true for both high-grade20,23 and low-grade glio-
mas.2,5 Moreover, for glioblastoma, there is even some evi-
dence suggesting that gross-total resection is most benefi-
cial in prolonging survival.1,10,20,24 Such attempts at tumor 

removal should be pursued only when the basic principle 
of avoiding new permanent neurological deficits is possi-
ble to follow. To prevent permanent deficits and to increase 
the extent of resection, different methods of intraopera-
tive mapping and monitoring of neurological functions are 
used.

Fig. 3. Influence of surgical aspirator activation on electrical stimulation voltage in the saline bath. Div = division.

Fig. 2. Preoperative axial (left) and sagittal (right) MR images showing the distance between the CST (yellow) and the lesion 
(white line). Figure is available in color online only.
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To date, subcortical stimulation of motor tracts during 
resection of motor eloquent lesions is gaining popularity 
because it allows one to estimate the location and distance 
of the CST and therefore reduce the risk of motor tract 
injury.7,12,13,19,21 Until recently, the spatial and temporal 
stimulation capabilities of scMEPs were limited since the 
resection had to be stopped to apply stimulation with a 
handheld probe in the resection cavity, thereby estimat-
ing the location and distance to the CST.6,15,16,17,18,21,22 This 
interruption of surgical flow is not only inconvenient and 
time consuming but may also increase the risk of mechan-
ical injury to the CST.18,21 The increased risk is attributable 
to the fact that at presumably safe distances from the CST, 
resection is mostly guided by cortical MEPs. As long as 
cortical MEPs are stable, resection is continued without 
stopping the resection every 1–2 mm to verify the distance 
to the CST by scMEPs. However, because most MEP al-
terations from direct cortical stimulation are irreversible 
and occur at presumably safe distances from the CST,18,21 
the need for higher spatial and temporal scMEP capabili-
ties became clear.

Recently, there was introduced a new device for con-
tinuous dynamic mapping—meaning continuous sub-
cortical stimulation throughout resection.18 This device 
was created by connecting a modified suction device to 
a stimulator. The surface of the suction device was iso-
lated to limit electrical contact with the tip of the device. 
The authors compared the motor mapping thresholds for 
stimulation sites simultaneously mapped with the scMEP 
and the new device in 24 patients. They found a virtual 
1:1 correlation between the 2 probes.

In the present study we connected a commercially 
available surgical aspirator to a commercially available 
intraoperative stimulator. There was no need for the de-
velopment of any new hardware or software. First, we 
studied the effects of different surgical aspirator activa-
tion levels on stimulation intensity in a bench setup. We 

found practically negligible differences in the stimulation 
intensity upon activation of the ultrasound. There were no 
relevant discrepancies in stimulation intensities between 
all 4 activation levels examined (25%, 50%, 75%, and 
100%). Second, we compared the monopolar stimulation 
probe with the surgical aspirator stimulation during resec-
tion of the motor eloquent lesions. The motor threshold for 
stimulation sites simultaneously mapped with the mono-
polar probe and the surgical aspirator showed no relevant 
discrepancies. A 1-mA difference in stimulation inten-
sity was regarded as irrelevant because upon stimulation 
with both modalities a slight hand movement alters the 
stimulation trajectory and, through that, the elicited MEP 
response as well. These kinds of movements are normal 
upon stimulation with the standard stimulation probe and 
have no influence on decision making during surgery.

Four patients developed a temporary new motor defi-
cit. The motor threshold ranged from 4 to 8 mA in these 
patients (Table 1). Others have also described a “safe 
corridor” of tumor resection with motor thresholds be-
tween 5 and 20 mA in which mechanical damage to the 
CST and permanent motor deficit can mostly be exclud-
ed.6,13,15,16,18,21,22 A higher rate of permanent motor deficit is 
observed at a motor threshold below 3 mA; therefore some 
recommend terminating resection at a motor threshold of 
2 mA18,21 or 3 mA.22

One patient (Case 5) suffered a permanent, new motor 
deficit; she had a very large multifocal glioblastoma and 
presented with slight contralateral hemiparesis. The motor 
threshold in this case was obtained during resection at 3 
separate stages and was virtually identical upon compar-
ing the 2 stimulation modalities (Table 1). Cortical MEPs 
started to deteriorate and were eventually lost during the 
final resection stage. Postoperative MRI revealed ische-
mia of the CST at the mesial part of the resection cavity.

conclusions
Continuous motor mapping using subcortical stimu-

lation via the tip of an ultrasonic aspirator is a feasible 
and safe method of intraoperative mapping. Utility and 
electrical distribution are practically identical to those in 
standard stimulation techniques using the handheld stimu-
lation probe. Whether continuous subcortical stimulation 
has an additional benefit for patients is still unclear and 
can only be truly answered with a comparative study.
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